Computer Modeling in & Tech Science Press
Engineering & Sciences -

DOI: 10.32604/cmes.2022.017397

ARTICLE

Decision-Making Problems under the Environment of m-Polar
Diophantine Neutrosophic N-Soft Set

Shouzhen Zeng'’, Shahbaz Ali*', Muhammad Khalid Mahmood’, Florentin Smarandache’
and Daud Ahmad"

1School of Business, Ningbo University, Ningbo, 315211, China

2College of Statistics and Mathematics, Zhejiang Gongshang University, Hangzhou, 310018, China

*Department of Mathematics, Khawaja Fareed University of Engineering & Information Technology, Rahim Yar Khan,
64200, Pakistan

*Department of Mathematics, University of the Punjab, Lahore, 54590, Pakistan

*Department of Mathematics and Science, University of New Mexico, Gallup, NM 87301, USA

"Corresponding Author: Shahbaz Ali. Email: shahbaz.ali@kfueit.edu.pk

Received: 08 May 2021  Accepted: 15 July 2021

ABSTRACT

Fuzzy models are present everywhere from natural to artificial structures, embodying the dynamic processes in
physical, biological, and social systems. As real-life problems are often uncertain on account of inconsistent and
indeterminate information, it seems very demanding for an expert to solve those problems using a fuzzy model.
In this regard, we develop a hybrid new model m-polar Diophantine neutrosophic N-soft set which is based on
neutrosophic set and soft set. Additionally, we define several different sorts of compliments on the proposed set.
A proposed set is a generalized form of fuzzy, soft, Pythagorean fuzzy, Pythagorean fuzzy soft, and Pythagorean
fuzzy N-soft sets. In this manner, m-polar Diophantine neutrosophic N-soft set is more proficient, a versatile model
to oversee vulnerabilities as it likewise survives the downsides of existing models which are to be summed up.
Furthermore, we give the application of the proposed set in multi-attribute decision-making problems by defining
a new choice-value function.
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1 Introduction

The idea of a set and set theory are incredible assets in arithmetic. Shockingly, a non-
condition basic set theory for example that the component can either have a place in a set or
not, is frequently not appropriate in genuine a daily existence where numerous unclear terms
as “enormous benefit,” “high pressing factor,” “moderate temperature,” “dependable instruments,”
“safe conditions,” and so forth are broadly utilized. Tragically, such loose depictions cannot be
sufficiently taken care of by ordinary mathematical tools.
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In fuzzy theory, a recently characterized model by and large beats the downsides of recently
characterized models. Because of uncertainty and weaknesses issues in numerous days by day life
issues, routine math is not continuously accessible. To manage such issues, different methods such
as the theory of possibility, rough set assumption, and fuzzy set theory has been considered as
elective models and to keep away from weaknesses too. Inopportunely, the greater part of the
options such as science have their own disadvantages and downsides. For example, a large portion
of the words like expert, amazing, best, significant is most certainly not quantifiable and uncertain.
The rules for words like superb, best, famous, and so forth, hesitate from individual to person.

To deal with such sort of equivocal and unsure data, Zadeh [1] investigated the idea of fuzzy
set which is mapping from a universal set X to [0, 1]. Atanassov [2] proposed the fortuitous of
intuitionistic fuzzy sets as an expansion of fuzzy sets by presenting the idea of membership and
non-membership grades. Molodtsov [3] began the thought of soft set as a mathematical model
to oversee vulnerabilities. The chance of soft set has another objective for the researchers due to
them utilizes in a wide range of exuberant issues.

Ali et al. [4] presented some new operations on soft set theory. They introduced the ideas
of expanded and restricted union and intersections in detail. In [5-7], Yager introduced and
investigated several relations on Pythagorean fuzzy set. Peng et al. [8] discussed certain results
on Pythagorean fuzzy sets and also defined the Pythagorean fuzzy number in. Peng et al. [9] set
up some Pythagorean fuzzy data measures and their applications. Peng et al. [10] proposed some
new approaches to manage single-regarded neutrosophic MADM reliant on MABAC, TOPSIS,
and new closeness measure with score function. In [I11-21], many decision-making problems and
algebraic structures are discussed over different fuzzy environments.

Smarandache’s introduced neutrosophic set and then proposed many operation on it [22-24].
Neutrosophic set (NS) based on three parameters namely, membership, indeterminacy, and non-
membership. Wang et al. [25] propsed the concept of single valued neutrosophic sets. Deli
et al. [26] introduced the idea of bipolar neutrosophic set and their applications in multi-criteria
decision making problems in. Fatimah et al. [22] introduced the notion of an N-soft set which
is an extension of a soft set. Many problems related to decision-making are discussed by using
different kind of environments in [27-30].

There are many problems regarding decision-making that need to improveby investigating
a new set or model. In this regard, we develop a proposed setthat provides a more batter
approximation than existing sets. The proposed work is arranged as follows. In Section 2, some
preliminary concepts are given to understand the proposed work. In Section 3, we define the
notion of m-polar Diophantine neutrosophic N-soft set and then define some operations on it. In
Section 4, we discuss different types of compliments on the proposed set. We give the comparison

table and application in multi-attribute decision-making problems in Section 5.

2 Preliminaries
In this section, we give some preliminary concepts related to previous existing sets.

Definition 2.1. [1] A fuzzy set is a mapping @ from universal set X to [0, 1] such that, u: X —
[0,1]. The fuzzy set can be written in the form of

Fy ={(x,ur (%)) : xe X}.
Definition 2.2. [2] An intuitionistic fuzzy set on universal set X is defined as

Ty ={(x,u;(x),v;(x)) : xel},
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where uy: X — [0,1] and v;: X — [0,1] are the membership and non-membership functions,
respectively.

Definition 2.3. [31] The m-polar fuzzy set on a universal set M is a mapping u: M — [0,1]"
and m(X) is the collection of all m-polar fuzzy set on M.

Definition 2.4. [3] The soft set is defined by the set valued mapping ¢: Z — 27, where T
denotes the set of parameters and 27 is the power set of T. The soft set can be written as,

o= D =|we0) e pme2"].

Definition 2.5. [32,33] A fuzzy soft set is defined as

ls={(tys@®):teT,yseF (L)},
where ys: T — F (L) and F (L) is the collection of all fuzzy sets on L and 7 is the set of
parameters with SC T.

Definition 2.6. [34] Let X be the crisp set. Intuitionistic fuzzy soft set (IFSS) is interpreted by
multi-valued mapping ¥ : B— IFX, where IF¥ represents the collection of all IF-subsets defined
over crisp set X (where B C X). Thus the IFSS can be expressed as

p={(e.vpe):ee X, ypelF}.
Definition 2.7. [5] Let X be the crisp set. A Pythagorean fuzzy set (PFS) can be expressed as
P= {< p.ip (p),vp (p) >: 0 < wp (p) + v (p) < 1,pex},

where up: X — [0,1] and vp: X — [0, 1] with the condition that 0 < ,u% (p) +v12) (p) <1, is known
as the degrees of membership and non-membership of p € X to the set P.

Definition 2.8. [35] The score function and accuracy function of Pythagorean fuzzy number
o = (g, vy) over X is defined as, S(y) =M,2, —v; and Q(y) =,qu, —H)JZ,, with S—1 <y <1 and 0
=0k) = L

Definition 2.9. [36] The ranking function of Pythagorean fuzzy number y = (u,, v,) over X
is defined as

1 1 26,
Rm=a+ma=% )

where r, = ‘/M)Z/ +v)% is called commitment strength and 6, is the angle between r, and u, . The
direction of commitment d, is d, =1— = where Wy =Tycos0,, v, =1,sind,.
T

Definition 2.10. [37] Let X be a non-empty universal set, S be the set of attributes, and Y C S.
Let D= {0, 1, 2,..., N — 1} be set of grading. The triple (F},, ¥, N) is said to be a Pythagorean
fuzzy N-soft set on X, if F, is a mapping F,: ¥ — 2¥*P x PFN, in which F: Y — 2¥*P and
P: Y — PFN, where PFN is Pythagorean fuzzy number. That is u: ¥ — [0,1] and v: Y — [0, 1]
such that

0<pl(M+v;(x) <1, VyeY, VxeX.
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Hence,
(Fp, Y.N) = ((x.dy), 1ty (X), vy (3)))
Definition 2.11. [38] A neutrosophic fuzzy set (NS), S over the universal set X is defined as
S={W,ns (W), As(¥),vs (¥))},

where mappings s, As, vs stand for degree of truth, degree of indeterminacy, degree of falsity.
us,As,vs €[0,1], with 0 < g+ Ag+vs < 3.

dy e D.

3 m-Polar Diophantine Neutrosophic N-Soft Set

Definition 3.1. Let £= {0, 1, 2,..., N — 1} be the set of grades where N € {2,3,4,...}.If X
is a non-emty set and E is the family of attributes. Let 4 be a non-empty subset of E. A m-poler

Diophantine neutrosophic N-soft (MPDNNS) set on X is denoted as (U, 4, m, N) or UZ"’N), where

O:4—-P (PFX X 2) is a mapping (where PF¥X is the aggregate of all Diophantine neutrosophic
subsets over X). That is
s Vm (p) })

(O, A,m,N) = {(e, {
(1 (), 2 (0) -

IeeA,peX,[e(p)eL‘},

(0,1l (p))
s Mm () 521 (P) s A2 (0) 5+ s A () 51 (0) 5 v2 () 5 -

where pe: X —[0,1]",v.: X —[0,1]", and A.: X — [0, 1]" are mappings along with the property,
m m m

0= ul" () + ) v (p)+ Y N (p) <3m.
i=1 i=1 i=1

In particular, wu;(p) represents the truth-membership, v;(p) denotes degree of falsity-
membership, A;(p) is the degree of indeterminacy and [.(p) denotes the grading value of the
element p € X corresponding to the attribute e € 4 to the set (U, 4, m, N). If we write a;; = fei(0;),
bij=ve, (pj) - dij = hei (pj), and c¢;j =1, (p;) where i runs from 1 to m and j runs from 1 to n then

the MPDNNS set Uﬁlm’N) may be represented in tabular form as

(m,N)
UA

€l €2 €m

o1 (c11, (@11, an1, -+, am1s - (c12, (@i, az1, -+, ami; (Cims (@11, @21, -+, ami;
dir,day, -+, dpt; di1,day, -+ s di1,day, -+ s
b11,b21,- - . b)) b11,b21,- - . b)) b11,b21,- -+ b))

02 (ea1, (@12, a2, -+ amps (22, (a12,a22,++ , am2; (Coms (@12, a2, -+, Am2;
dia,dx, -+ d2; b12,b22, -+, by2; b12,b22, -+, by2;
b12,b22,- -+ , b)) b12,b22,- -+ , b)) b12,b22,- -+ ,bi2))

Pn (ent, @in> Q2ns -+ 5 Amns (Cn2s (@1 A2y -+ - 5 A (Cnms (@1ns 2ps -+ 5 Qs
din, dan, -+, dns din, dan, -+, dms din, dan, -+, dn;
blm b2na Tt bmn)) bll’l: b2na ) bmm)) bll’l: b2na ) bmn))
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and in matrix form as

(G,A,m,N)

= [{es. (ayis dig, 05))] e
(c11, (@11, an1, -+, am1; - (c12, (@11, 421, -+ s ami; (cims (@11, a21, -+, am1;
dir,da1, -, dt; dir,dat, - s dt; cedi, oy, dits
bi1,bats -+ b)) bi1,bats -+ b)) wo b1, bat S b))
(ca1, (@12, a2, -+ am2; (€22, (12,022, -+ s am2; (coms (@12, a22, -+, A2
dia,d, -, dn; dia,do, -+ dma: coodi,don, e di;

~ | b2, b, L b)) b12,b22, -+ b)) woo b1, 022,00 b))
(cnt, @ins Q2ns -+ 5 Auans {Cn2, (@1 A2+ -+ 5 A (Cnms @1ns A2y~ -+ 5 Qs
din, don, -+, Ay din, on, -+ 5 dyms coodip, dop, e Ay
blna b2na"' abmn)) blna b2na"' abmm» blna b2na"' abmn))

This matrix is called m-Polar Diophantine neutrosophic N-Soft matrix or shortly MPDNNS
matrix.

Note: We use the expression x” + )" =z" in Definition 3.1, which is similar to Diophantine
equation. Thats why we call m-polar Diophantine neutrosophic N-soft set instead of m-polar
neutrosophic N-soft set.

Definition 3.2. An MPDNNS set UZ"’N) over X is known as null MPDNNS set, symbolized as
Ugfl’o) and defined as

50 _ {(e { (0, 1p(p)) })
¢ T (0)s ey (0D s o (0)5 Ay ()5 Ay (0)s = s Agsy (0)3 Vg (0)5 Vg (05 - =+ 4 Vs, (0)

IeeA,peX,l¢(p)e£},

where, wg,(p) = 0, Ap(p) = 1, vg,(p) = 1, 1 <i<m, and l4(p) = 0.
Definition 3.3. An MPDNNS set UZH’N) over X is known as absolute MPDNNS set, symbolized

as U(Em’N_l) and defined as

- _ [, (0, E(p)) :
E | (e, o) 1ey (0) s 1B, (0):VE, (0)) S VE, (0) s+ 5 VE, (0)
ecA,peX,lg(p) 62},

where ug,(p) = 1, Ag(p) = 0, vg(p) = 0, I <i<m, and l(p) =N — 1.
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Example 3'1’ Let X: {1015 1025 1035 IO45 1055 IO65 ,07}, E: {ela €, 63} and '2: {05 15 2:"') 5}
Suppose that 4 = {e;, e3}. Then
000 = {(e1,{(p1,3,(3,.4,.5;,.5,.4,.3;.1,.6,.4)) ,  (p4,4,(4,.3,.1;.4,.4,2:3,4,5),
(1075 53 (65 '25 555 '3: '1: 25 '4: '35 5))})3 (635 {(1023 23 (25 '15 75 '6: '65 55 '8: '4: 6))3
(p3,1,(.5,.6,.7;.7,.5,.4;,.4,.3,.1)), {(ps5,2,(4,.6,.2;.7,.3,.5;,.7,.5,.3))D}

is a 3PDNG6S set over X. The tabular representation of Ufﬁ) is

62’6) el e e3

01 (3,(.3,.4,.5;.5,.4,.3;.1,.6,.4)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1))

02 (0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1;1,1, 1)) (2,(.2,.1,.7;.6,.6,.5; .8, .4, .6))

03 (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1, 1)) (1,(.5,.6,.7;.7,.5,.4; .4,.3,.1))

04 4,(4,.3,.1;4,.4,2;,.3,4,0.5) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1))
( ( )
( ( )
( ( )

0,(0,0,0;1,1,1)) 0,(0,0,0;1,1,1;1,1,1)) (2,(4,.6,.2;.7,.3,.5;.7,.5,.3))
0,(0,0,0;1,1,1; 1,1, 1)) 0,(0,0,0;1,1,1;1,1,1))  (0,(0,0,0;1,1,1; 1,1, 1))
5,(.6,.2,.55;.3,.1,.2; .4,.3,0.5)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1))

05
06
07

The corresponding 3PDN6S matrix is (U, 4, 3, 6) = [ajj, djj, bijl1x3

3,(.3,.4,.5,.5,.4,.3;.1,.6,.4)
0,(0,0,0;1,1,1;1, 1, 1)) 0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)) 0,(0,0,0;1,1,1;1,1,1)

{ (0,(0,0,0;1,1,1;1,1,1))
( ( )
( ( )
=\|4,(4,3,.1;.4,4,.2;3,4,0.5) (0,(0,0,0;1,1,1;1,1,1))
( ( )
( ( )
( ( )

(0,(0,0,0;1,1,1;1,1,1))
(2,(.2,.1,.7:.6,.6,.5: .8, 4, .6))
(1,(.5,.6,.7:.7,.5, 4:.4,.3,.1))
(0,(0,0,0;1,1,1;1,1,1))

0,(0,0,0;1,1,1;1,1,1)) 0,(0,0,0;1,1,1;1,1,1)) ¢

0,(0,0,0;1,1,1;1,1, 1)) 0,(0,0,0;1,1,1;1,1,1)) ¢
5,(.6,.2,.55;.3,.1,.2;.4,.3,.5))  {0,(0,0,0;1,1,1;1,1,1)) {

2,(4,.6,.2;.7,.3,.5,.7,.5,.3))
0,(0,0,0,1,1,1;1,1,1))
0,(0,0,0;1,1,1;1,1,1))

Definition 3.4. Let UZ”’NI) and Ug”’Nz) be MPDNNS sets over X. Then UZ”’N‘) is MPDNNS
subset of BN qe, v Z U g

e ACB,

o NI <N,

o wia(p) <niplp), 1 <i<m,

o Lialp) = xip(p), 1 <i<m,

® via(p) Zvip(p), 1 <i<m, and

e Li(p) <I5(p).

It is worth mentioning that UZ”’NI) c Ug”’Nz) it is not necessary each element of UZ”’N‘) is

also in U2,
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Definition 3.5. Let 0¢""" and 0" be MPDNNS sets over X. Then 84""" is MPDNNS
equal of ng,Nz) ie., UZ"’NI) = Ug"’NZ), if

e A=B8B,

o N =Ny,

o iia(p) =uiplp), 1 <i<m,

o Lialp) =%rip(p), 1 <i<m,

o v 4(p) =v;iB(p), | <i<m, and

e Li(p) = lr(p).

Proposition 3.1. If OZ"’N) is any MPDNNS set over X, then

. (m,0) ~ (m,N)
(i) oy E vy,

.. m,N) =~ ,o(mN-—1)
(i) U4 C U .
Proof.

(1) The truth-membership, degree of indeterminacy and degree of falsity always fall in [0,
1] according to Definition 3.1 of MPDNNS set. So, 0 < u;4(p), via(p) < 1, Aia(p) <1, and
grading value 0 <[4 (p), Voe X and 1 <i<m.

Thus, it follows from Definitions 3.4 and 3.2 of null MPDNNS set Ufpm’o). Hence,
m,0) = ,<(m,N)
U0 E ),

(1) Clearly, u;a(p) <1, via(p) > 0 and v; 4(p) > 0 and grading value [4(p) < N— 1 for all
pe€X and 1 <i<m. Thus, it follows from Definitions 3.4 and 3.3 of absolute MPDNNS set.

Hence, UZ”’N) - U%”’N_l).
Proposition 3.2. If UT’N), Ug”’N) and U(C’”’N) are MPDNNS sets over X, then
G v E uih,
i) 8§ € 64V and 5§tV € oY = o € v,

Definition 3.6. Let U 47NV and U572 be MPDNNS sets over X. Then their extended union
is defined as U(C’"’N)* - U;maNl)O‘;;Ugn,Nz)’

(m,N)*
UC

_ {(e { (p,Lc(p)) })
“Lrce)s m2,c(0) -+ s mc(P); A,c(P), Aa,c(P) -+ s Am,c(P); v1,c(0), v2,c(P) -+ 5 Vm,c(p)
lee C,peX,lc(p) 62}

where,
e C=AUB,
o (m, N)*= (m, max{Ny, Na}),
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o pc(p) = max{u;4(p), nip(p)y, I <i<m,

o ic(p) = min{r; 4(p), Aip(p)} 1 <i<m,

e ve(p) = min{v; 4(p), vip(p)} 1 <i<m, and

o [c(p) = max{l4(p), [p(p)} Ve €C.

Definition 3.7. Let Uﬁlm’Nl) and U%"’NZ) be MPDNNS sets over X. Then their restricted union

<o ~
is defined as O(Dm’N) = Uﬁlm’Nl)URUg"’NZ),

(m,N)°
UD

_ {(e { (p,p(p)) })
’ (MI,D(/O)’ MZ,D(p)’ e aﬂm,D(p);Al,D(P)aAZ,D(P) o a)"m,D(p); UI,D(/O)’ VZ,D(p) ) Vm,D(P)

IeeD,peX,ID(p)eﬂ}

where,
e D=ANBAB,
o (m,N)° = (m, max{Ny, N»}),
e up(p) = max{ui4(p), nip(p)y, I <i<m,
e Ap(p) = min{A; 4(p), Aip(p)} 1 <i<m,
e vp(p) = min{v; 4(p), vip(p)} 1 <i<m, and
e [p(p) = max{l4(p), [p(p)} Ve €D.
Example 3.2. Let X = {p;:i=1, 2,..., 8}, E= {e;:i= 1,2, 3} and £= {0, 1, 2,..., 12}.
Assume that 4 ={ej,e3} CE and B={ep,e3} C E. Then
G = {(e1,{(p2,11,(1,.9,.7;.5,.3.2; 4,.6,.8)), (05,9, (.2,.1,.2;.3, 4,.5;.6,.7, .8)),
(p7,8,(.3,.4,.5:.6,.7,.6:.5, .4, 3N, (e3,{ (03,3, (4,.3,.4,.5,.6,.8,.7,.6,.5),
(p2,6,(.5,.4,.5:.6,.7,.7:.6,.4,.2)), (06,5, (.6,.5,.6,.7,.8,.9:.8,.7,.6)) )}

is a 3PDN13S set over X. The corresponding Uf’w) matrix is

Uf’m = [(ci» (@i diss bij)) g, 5
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0,(0,0,0;1,1,1; 1, 1, 1))

05 (050’0; 1’ 1’ 1; 1’ 151)>
0,(0,0,0;1,1,1; 1, 1, 1))

(
(
(
R
(
(0,(0,0,0;1,1,1;1,1,1))
(
(

0,(0,0,0;1,1,1; 1, 1, 1))

11,(.1,.9,.7;.5,.3,0.2; .4, .6, .8))

9,(2,.1,.2;.3,.4.5;.6,.7,.8))

8,(.3,.4,.5,.6,.7,.6;.5,.4,.3))

0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)

(
(
(
(
(
(
(
(0,(0,0,0;1,1,1;1,1,1)

)
)
)
)
)
)
)
)

0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
3,(4,.3,.4;.5,.6,8;.7,.6,.5)
6,(.5,.4,.5,.6,.7,.7;.6,.4,.2))
0,(0,0,0;1,1,1;1,1, 1))
5,(.6,.5,.6;,.7,.8.9;.8,.7,.6))
0,(0,0,0;1,1,1;1,1, 1))

(
(
(
(
(
(
(
(0,(0,0,0;1,1,1;1,1,1))

OGO = {(e, (01,9, (.7,.6,.4,: 2,.1,.4;.3,.5,.7), (0,6, (8,.6,.5;.6,.4,.7;.5.8,.9)),
(08,8,(.1,.3,.4,.8,.7,.4,.7,.3,.1))}), (e3, {{02,1, (.2, .1, .3;.6,.7,.9;.7, .3,.6)),
(ps5,5,(.1,.2,.4:.8,.7,.1;.8,.3,. 7)), (07, 3,(.2,.3,.6,.9, .8,.7:.8,.7,.5)) )}

is a 3PDF10S set over X. The corresponding Ug’lo) matrix is

051 = [leis (@i 05)) g5

(3,10
Op

0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1, 1))

~ o~ o~~~ o~~~

Extended union of O

(3,13)
A

9,(.7,.6,.4,: .2,.1,.4,.3,.5,.7)
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
6,(.8,.6,.5;.6,.4,.7;.5,.8,.9))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0:1,1,1;1,1, 1))

(
(
(
(
(
(
(
(8,(.1,.3,.4;.8,.7,.4,.7,.3,.1))

(0,(0,0,0;1,1,1;1,1, 1))
(1,(.2,.1,.3;.6,.7,.9;.7,.3,.6))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1,1))
(5,(.1,.2,.4;.8,.7,.1;.8,.3,.7))
(0,(0,0,0;1,1,1;1,1, 1))
(3,(.2,.3,.6,.9,.8,.7;.8,.7,.5))
(0,(0,0,0;1,1,1;1,1, 1))

and Ug,m) is given below in Eq. (3):

o0 =GP GBS where €= (ey, e, e3)

589

()

2
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0,(0,0,0;1,1,1;1,1, 1))
11,(.1,.9,.7;.5,.3,.2; 4,.6, .8))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))

05 (0)0)0; l) 1) 1; 13 1) 1)>
8,(.3,.4,.5;.6,.7,.6;.5, 4,.3))

9,(7,.6,.4,: .2,.1,.4;.3,.5,.7)
0,(0,0,0;1,1,1;1,1,1))
0,(0,0,0;1,1,1;1,1,1))
6,(.8,.6,.5;.6,.4,.7;.5.8,.9))

03 (03030; 13 13 1;13 13 1))
0,(0,0,0;1,1,1; 1,1, 1))
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0,00,0,0;1,1,1; 1,1, 1))

1,(.2,.1,.3;.6,.7,.9;.7,.3,.6))
3,(4,.3,.4;.5,.6,.8;.7,.6,.5))
6,(.5,.4,.5;.6,.7,.7;.6, .4,.2))

5,(.6,.5,.6:.7,.8.9: .8, .7,.6))
3,(.2,.3,.6:.9,.8,.7;.8,.7,.5)

0,(0,0,0;1,1,1; 1,1, 1))

(
(
(
(
9,(2,.1,.2;.3,.4.5;.6,.7,.8))
(
(
(

(
(
(
(
(0,(0,0,0;1,1,1;1,1, 1))
(
(
(

8,(1,.3,.4,.8,.7,.4;,.7,.3,.1))

Restricted union of US’B) and Ug”w) is given below in Eq. (4):

3,13 3,13),~ 3,10
oY = 0P GRUG!? where D = fe3)

0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)

( )
{ )
{ )
{ )
K )
{ )
{ )
{ )

0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1, 1))

(
(
{
(
(
{
{
(

0,(0,0,0;1,1,1;1,1, 1))
1,(2,.1,.3;.6,.7,.9;.7,.3,.6))
3,(4,.3,.4,.5,.6,.8,.7,.6,.5)
6,(.5,.4,.5,.6,.7,.7;.6,.4,.2))
5,(1,.2,.4:8,.7,.1;.8,.3,.7))
5,(.6,.5,.6,.7,.8.9;.8,.7,.6))

3,(.2,.3,.6,.9,.8,.7;.8,.7,.5)

{
{
{
(
{
{
{
(0,(0,0,0;1,1,1;1,1,1))

(
(
(
(
(5,(.1,.2,.4;8,.7,.1;.8,.3,.7))
(
(
(

0,(0,0,0;1,1,1; 1,1, 1))

3)

“4)

Definition 3.8. Let UZ"’N” and U%"’NZ) be MPDFNS set over X. Then their extended

intersection is defined as

(m,N), _ 5e(m,N1) 5= 70(m,N2)
UC = UA ﬂEUB s

(0, lc(p))

o
c “Vrc(o) a.c(p) -

eeC,,oeX,[C(p)ES}

where,
e C=AUB,

e (m, N)* = (m, min{Ny, N»}),

o uc(p) = min{u;4(p), nip(p)}, 1 <i<m,

o ve(p) = max{v; 4(p), vip(p)} 1 <i<m, and
o [c(p) = min{ly(p), [p(p)} Ve € C.

(P VL.C(D) 2.0(P) - Imc () }> :
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Definition 3.9. Let Uﬁlm’Nl) and Ug"’NZ) be MPDFNS set over X. Then their restricted intersetion
is defined as

(m,N)y _ 7o(m,N1), = 7o(m,Np)
Bye = N Gy )|

U(m,N)O — {( , {
D “Vero() nap(p). -

eeD,,oeX,[D(,o)eﬁ}

(p,p(p)) }) .
, I'Lm,D(p); Vl,D(p)a VZ,D(/O) T, Vm,D(p) ‘

where,
e D=ANB,
° (m,N)°= (Wl, min{Nl, Nz}),
o up(p) = min{u; 4(p), nip(p)}, 1 <i<m,
e vp(p) = max{v;4(p), vip(p)} 1 <i<m, and
e [p(p) = min{ly(p), [p(p)} Ve €D.
Example 3.3. Consider 02’13) and Ug,m) as given in Example 3.2 by Egs. (1) and (2),

respectively. Extended intersection of U}f and U};,O is given below in Eq. (5):

o010 = PP ARG where C = (ey, e, e3)

(3,10) _
O 7=

(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1,1))

(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1,1))

(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(0,(0,0,0;1,1,1;1,1, 1)
(

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1,1))

Restricted intersection of Uf’m and Ug,w) is given below Eq. (6):

3,10 3,13) =~ -<(3,10
U(D )=U£1 )ﬂRU; ) where D ={e3}

e
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(3,10) _
Cp "=

0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)

(
(
(
(
(
(
(
(0,(0,0,0;1,1,1;1,1,1)

)
)
)
)
)
)
)
)

(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1,1)
(0,(0,0,0;1,1,1;1,1,1)
(

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1,1))
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0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)

(
(
(
(
(
(
(
(0,(0,0,0;1,1,1;1,1,1)

)
)
)
)
)
)
)
)

Proposition 3.3. If Uﬁlm’N”, U%"’Nz), U(C'"’N3) are MPDNFNS set over X, then

(i) U(m,Nl)ﬁ" U(m’Nl) _
(ll) U(le)U U(WlNl)
(iiiy OGN ARBEY =

(ZV) U(m NI)U U(m »N2)

U(m’Nl) )

U(m N

— UMD AN,

U(m Nz)U U(m N

) BPAE (B ABE) = (B AR A,

i) BYITE (65T c) = (0§ TR G Y.

(vii) U(m Nl)m U(m ND U(m N1
(m,N1), 7= 7v(m,N1) __ c(m,Np)

(viii) U7 "URU =,

(ix) U/(;n,Nl)ﬁ;{Ugn,Nz) — Ugn,Nz)ﬁ;{U/(;le)‘

(x) UZM’NI)O;(UE;H’NZ) _ Ogn’NZ)U;(UZn’NI),

(xi) B (0GP ARBE ) = (04 AR ) A,

(eii) BTk (05 Grise) = (851 TR ) G,
Proof. The proof is obvious from Definitions 3.4, 3.5, 3.6, 3.7, 3.8 and 3.9.
Proposition 3.4. If UZ”’NI) and Ug”’Nz) are MPDNFNS sets over X, then

(i) <Ugn,N1)@Ugn,N2)) § Ugn,Nl) §

m,N1),7= 7o(m,N3)
(0 g,

(i) (UZH’NI)HZZUE;H’NZ)) § Ugn,Nz) § (UZH’NI)@UE;H’NZ)).

(m,N1) == 7<(m,Np) ~ s
(iii) (UA NrUp ) SRO)

. (m,N1) 5= »o(m,N3) ~ (m,N7)
(i) (07 WAROG) €

N

é UZM’NI)@Ugn’Nz)) )

m,N1),7= 7o(m,N3)
(0§ Trui?).

(6)
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Proof. Proof of this proposition is obvious from Definitions 3.4, 3.6, 3.8 and 3.9.
4 Complements of m-Polar Neutrosophic Diophantine N-Soft Set

Definition 4.1. Let UZ"’N) be MPDNNS sets over X. Then their weak complement is represented
wce
as <U£1m’N)> and defined by

_1I. (0.0 ()
(Y 0215y (0) s 4 (D)3 (9) 35Sy (0) - S 4 (0) 0} (0,05 (9) -+ 1sC ()
leeA,pe X, (p) 62}

where,
o w'y(p) =vialp), 1 <i=<m,
o MUp) =1 — dialp), 1 <i<m,
wce

o v'(0) = nialp), 1 <i<m, and

o (p) Nig(p) =3, Ve € A.

Example 4.1. Consider US’B) and Ug’lo) as given in Example 3.2 by Egs. (1) and (2),

respectively. Weak complement of US’B) and Ug,w) are given below in Egs. (7) and (8):
Uf,ﬁ)wc
(0,(0,0,0;1,1,1; 1,1, 1)) (0,(0,0,0;1,1,1; 1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))
(10, (4,.6,.8;.5,.7,0.8;.1,.9,.7)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1; 1,1, 1))  (5,(.7,.6,.5;.5, .4,.2; .4,.3, .4))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1; 1,1, 1))  (8,(.6,.4,.2;.4,.3,.3;.5, .4,.5))
| (8,(6,.7,.8;.7,.6,.5:.2,.1,.2)) (0,(0,0,0;1,1,1; 1,1, 1))  (0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1; 1,1, 1)) (0,(0,0,0;1,1,1; 1,1, 1))  (7,(.8,.7,.6;.3,.2.1;.6,.5, .6))
(6,(.5,.4,.3;.4,.3,.4,.3,4,.5) (0,(0,0,0;1,1,1;1,1,1))  (0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1; 1,1, 1)) (0,(0,0,0;1,1,1; 1,1, 1))  (0,(0,0,0;1,1,1;1,1,1))

(M
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(3,13)we
UB

(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))

(8,(.3,.5,.7;.8,.9,.6;.7,.6,.4))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
4,(.5,.8,.9; 4,.6,.3:.8,.6,.5))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
6,(.7,.3,.1;.8,.7,.4;.1,.3,.4))

CMES, 2022, vol.130,

(0,(0,0,0;1,1,1;1,1, 1))
(7,(.7,.3,.6;.4,.3,.1;.2,.1,.3))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1, 1))
6,(.8,.3,.7;.2,.3,.9;.1, .2, .4))
(0,(0,0,0;1,1,1;1,1, 1))
(2,(8,.7,.5;.1,.2,.3;.2,.3,.6))
(0,(0,0,0;1,1,1;1,1, 1))

no.1

®)

. . (3.13) we (3.10) wce . .
Remark 4.1 Again taking week complement of (U 1 ) and <U B ) which given above

in Eqgs. (7), (8), respectively. There compliments are given below in Eqs. (9) and (10), respectively.

(@)

0,(0,0,0;1,1,1;1,1, 1))

05 (05050; 15 15 1; 1515 1))
0,(0,0,0;1,1,1; 1,1, 1))

(
(
(
RE
(
(0,(0,0,0;1,1,1;1,1,1))
(
(

0,(0,0,0;1,1,1;1,1, 1))

(@)

0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)

( )
{ )
{ )
( )
R )
{ )
{ )
( )

6,(.1,.9,.7;.5,.3,0.2; 4, .6, .8))

7,(2,.1,.2;.3,.4.5;.6,.7,.8))

7,(.3,.4,.5,.6,.7,.6;.5,.4,.3))

0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1; 1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1; 1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)

o~ o~ o~ o~ o~ o~~~

)
)
)
)
)
)
)
)

4,(7,.6,.4,:.2,.1,.4;.3,.5,.7)
0,(0,0,0;1,1,1;1,1,1))
0,(0,0,0;1,1,1;1,1,1))
7,(.8,.6,.5;.6,.4,.7;.5, .8,.9))
0,(0,0,0;1,1,1;1,1,1))
0,(0,0,0;1,1,1;1,1,1))
0,(0,0,0;1,1,1;1,1,1))

(
(
(
(
(
(
(
9,(1,.3,.4;.8,.7,.4,.7,.3,.1))

0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
4,(4,3,.4,.5,6,8.7,.6,.5)
5,(.5,.4,.5,.6,.7,.7;,.6, .4, .2))
0,(0,0,0;1,1,1;1,1, 1))
7,(.6,.5,.6;.7,.8.9;.8,.7,.6))
0,(0,0,0;1,1,1;1,1, 1))

(
(
(
(
(
(
(
(0,(0,0,0;1,1,1;1,1, 1))

0,(0,0,0;1,1,1;1,1, 1))
3,(.2,.1,.3;.6,.7,.9;.7,.3,.6))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
6,(.1,.2,.4:.8,.7,.1;.8,.3,.7))
0,(0,0,0;1,1,1;1,1, 1))
5,(.2,.3,.6;.9,.8,.7,.8,.7,.5))

(
(
(
(
(
(
(
(0,(0,0,0;1,1,1; 1,1, 1))

©)

(10)
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Hence from Eqgs. (1), (

((Ug»lo))wcyvc # Ug’;lo)

Since null 3PDNI10S set is

ug?

(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))

o)

(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))

Since absolute 3PDN10S set is

(3,10
Of

9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))

9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))

(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))

9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))
9,1,1,1;0,0,0;0,0,0))

~
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), (9) and (10). We conclude that ((US’B))W")W" #* US’B) and

(11)

(12)

Weak complement of US’O) and Gg,m) are given below in Egs. (13) and (14), respectively.

(Ugao))wc

(7,(1,1,1;0,0,0;0,0,0))
(1,(1,1,1;0,0,0;0,0,0))
(6,(1,1,1;0,0,0;0,0,0))
(5,(1,1,1;0,0,0;0,0,0))
(7,(1,1,1;0,0,0;0,0,0))
(8,(1,1,1;0,0,0;0,0,0))
(1,(1,1,1;0,0,0;0,0,0))

(6,(1,1,1;0,0,0;0,0,0))
(8,(1,1,1;0,0,0;0,0,0))
(7,(1,1,1;0,0,0;0,0,0))
(2,(1,1,1;0,0,0;0,0,0))
(8,(1,1,1;0,0,0;0,0,0))
(7,(1,1,1;0,0,0;0,0,0))
(6,(1,1,1;0,0,0;0,0,0))

4,(1,1,1;0,0,0;0,0,0))
(7,(1,1,1;0,0,0;0,0,0))
(3,(1,1,1;0,0,0;0,0,0))
4,(1,1,1;0,0,0;0,0,0))
(6,(1,1,1;0,0,0;0,0,0))
(2,(1,1,1;0,0,0;0,0,0))
(5,(1,1,1;0,0,0;0,0,0))

(13)



G 10ywe _

9,(0,0,0;1,1,1; 1,1, 1)
1,(0,0,0;1,1,1; 1,1, 1)
8,(0,0,0;1,1,1; 1,1, 1)

7,(0,0,0;1,1,1; 1,1, 1)
45 (05050; l’ l’ l; l’ 151)

5,(0,0,0; 1,1, 1; 1,1, 1)
3,(0,0,0;1,1, 1;1,1,1)
9,(0,0,0;1,1,1; 1,1, 1)

4,(0,0,0;1,1,1; 1, 1, 1)
6,(0,0,0;1,1,1; 1,1, 1)

CMES, 2022, vol.130, no.1

5,(0,0,0; 1,1, 1; 1,1, 1)
9,(0,0,0;1,1,1; 1,1, 1)
6,(0,0,0;1,1,1; 1,1, 1)

7,(0,0,0;1,1,1; 1,1, 1)
5,0,0,0; 1,1, 1; 1,1, 1)

(14)

( A )
( A )
( K )
(2,(0,0,0;1,1,1;1,1,1))  (5,(0,0,0;1,1,1;1,1,1))
( S )
( K )
( ) )

( )
( )
( )
(5,(0,0,0;1,1,1; 1,1, 1))
( )
( )
( )

15(05050;15151;15151) 85(05050;15151;15151) 95(05050;15151;15151)

wce wce
From Eqs. (11)—(14), we have (Ug’0)> # Ug,w) and (Ug’w)) #* Ug’o). Hence, we have

following result.

Remark 4.2 Let 0" be MPDNNS sets, 3%"” be null MPDNNS and 8"~ absolute
MPDNNS over X, then following results that hold in crisp set theory but not hold in MPDNNS
set theory

() @G0y #ogt .
(i @Dy £,
(iii) ((Uilm;N))WC)WC £ Ufélm’N)'

Definition 4.2. Let UZ”’N) be MPDNNS set over X. Then their top weak complement is
represented as (GZ”’N))”V" and defined by

(UZW»N))ZWC

~ (» [m(p»
B {< {(M’”(p) 150D+ s 4 ()3 A1 (0), 2574 (D), -+ s Ay (0D v (0), v3 () - -+, ,’,;‘il(p)D
le€ A,p € X,I1(p) € 2}

where,
twe

o 1"i(p) =via(p), 1 <i<m,
o A"(p) =1 —hia(p), | <i<m,

o v"((p) = uialp), 1 <i<m, and

N—1, if l4(0) <N—1,

111/(,
(o) = {0, if Ly (p)=N—1,VecA.
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The top weak complement of US’B) and Ug’lo) as given in Example 3.2 by Eqgs. (1) and (2)
are given below in Egs. (15) and (16), respectively.

(25543513))”%
05 (05050; 15 15 1; 15 15 l))

(

(

(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(
(
(
(

0,(0,0,0;1,1,1; 1, 1, 1))

05 (05050; 15 15 1; 15 151)>

(Ug’lo))"“’

0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1, 1)
0,(0,0,0;1,1,1;1,1,1)
0,(0,0,0;1,1,1;1,1, 1)

)
)
)
)
)
)
)
0,(0,0,0;1,1,1;1,1, 1))

(
(
(
(
K
(
(
(

12,(.4,.6,.8;.5,.7,0.8;.1,.9,.7))

12,(.6,.7,.8;.7,.6.5; .2,.1,.2))

12,(.5,.4,.3;.4,.3,.4:.3,.4,.5)

(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
(0,(0,0,0:1,1,1; 1,1, 1))
12,(.3,.5,.7;.8,.9,.6;.7,.6,.4))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0:1,1,1;1,1, 1))
12,(.5,.8,.9; 4,.6,.3;.8,.6,.5))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0:1,1,1;1,1, 1))
0,(0,0,0:1,1,1;1,1, 1))

(
(
(
(
(
(
(
(12,(.7,.3,.1;.8,.7, 4;.1, 3, .4)

(0,(0,0,0;1,1,1;1,1, 1))

(0,(0,0,0;1,1,1;1,1,1))

(12,(.7,.6,.5;.5,.4,.2; .4, 3, 4))
(12, (.6, .4,.2;.4,.3,.3;.5, 4, .5))
(0,(0,0,0;1,1,1;1,1,1))
(12,(8,.7,.6;.3,.2.1;.6,.5,.6))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))

(0,(0,0,0;1,1,1;1,1, 1))
(12,(.7,.3,.6;.4,.3,.1;.2,.1,.3))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
(12,(8,.3,.7;.2,.3,.9;.1,.2, .4))
(0,(0,0,0;1,1,1;1,1, 1))
(12,(.8,.7,.5;.1,.2,.3;.2,.3,.6))
(0,(0,0,0;1,1,1;1,1, 1))

(15)

(16)

Proposition 4.1 Let 0" be MPDNNS set, 5%"” be null MPDNNS and 0" ~" absolute

MPDNNS over X, then

(l-) (Ug)’l,o))[wc — Ug)’l,N—l)‘

(i Ny =vg,
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twe
Remark 4.3. Again taking top weak complement of <Uf43’13)> given in Eq. (15) we have

Eq. (17)

((US,B))tWC)twc
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1))
(0,(.1,.9,.7;.5,.3,0.2; 4,.6,.8)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))  (0,(4,.3,.4;.5,.6,.8;.7,.6,.5))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))  (0,(.5,.4,.5;.6,.7,.7;.6, .4, .2))

- (0,(.2,.1,.2;.3,.4.5;.6,.7,.8)) (0,(0,0,0;1,1,1;1,1,1))  (0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))  (0,(.6,.5,.6;.7,.8.9; .8,.7,.6))
(0,(.3,.4,.5;.6,.7,.6;.5,.4,.3)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))  (0,(0,0,0;1,1,1;1,1,1))

(17)

(3,13)\ "¢ fve (3,13)
Hence from Egs. (1) and (17) we conclude that <<U 1 ) ) # 0, . Hence we have the
following result:

Remark 4.4. Let UZ”’N) be MPDNNS set, over X, then ((UZ"’N))”"")”"C o UZ”’N).
Definition 4.3. Let UZ"’N) be MPDNNS set over X. Then their bottom weak complement is

bwe
represented as (UZ”’N)) and defined by

(U/(;’LN))bwc

_ { (o ()
(5 (0), 80D, s ey (0D AT (0D, 25" (), -+ A ()3 v (), V5 () -+ v ()
lee A,pe X, () e 2}

where,
o ul(p) =vialp), 1 <i<m,
o M%(p) = 1 —hialp), 1 <i<m,
o V(p) =piap), 1 <i<m, and

if [4(p)=

N-—1,
[ ] [ch(p)z{ .
0, ifl4 (p) > 0,Ve e A.
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Example 4.2. Consider US’B) and Ug’lo) as given in Example 3.2 by Egs. (1) and (2),

respectively. Bottom weak complement of U

(25543513))bwc
05 (05050; 1’ 1’ 1; 1’ 1’ l))

(

(

(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(
(
(
(

0,(0,0,0;1,1,1; 1, 1, 1))

05 (05050; 15 15 1; 15 151)>

(GG 19 ybe
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)
(0,(0,0,0; 1,1, 1; 1, 1, 1)

= I T D D

0,(4,.6,.8;.5,.7,0.8;.1,.9,.7))

0,(6,.7,.8;.7,.6.5; .2, .1, .2))

0,(.5,.4,.3; .4, 3, 4: 3, 4,.5))

(
{
(
(
(
(
(
(

(3,13)
A

(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))
0,(.3,.5,.7;.8,.9,.6;.7, .6,.4))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
0,(.5,.8,.9; 4,.6,.3;.8,.6,.5))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
0,(0,0,0;1,1,1;1,1, 1))
0,(7,.3,.1;.8,.7, .4;.1,.3,.4))

(0,(0,0,0;1,1,1;1,1,1))

(0,(0,0,0;1,1,1;1,1,1))

(0,(.7,.6,.5;.5,.4,.2; .4, .3,.4))
(0,(.6,.4,.2; .4,.3,.3;.5,.4,.5))
(0,(0,0,0;1,1,1;1,1,1))
(0,(8,.7,.6;.3,.2.1; .6, .5,.6))
(0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1;1,1,1))

(0,(0,0,0;1,1,1;1,1, 1))
0,(.7,.3,.6,.4,.3,.1;.2,.1,.3))
(0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1, 1))
0,(.8,.3,.7;.2,.3,.9;.1,.2, .4))
(0,(0,0,0;1,1,1;1,1, 1))
0,(8,.7,.5;.1,.2,.3;.2, .3, .6))
(0,(0,0,0;1,1,1;1,1, 1))

and Ug,m) are given below in Eqs. (18) and (19):

(18)

(19)

Proposition 4.2. Let 0" be MPDNNS set, 55" be null MPDNNS and G""¥™" absolute

MPDNNS over X, then

0 (Ugn,o))bwc _ Ugn,N: amp: minus;l).

(i @D =ug?.
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Remark 4.5. Again taking bottom weak complement of (Uf’n))bwc as given above in Eq. (18)
we have Eq. (20) given below:

(G ybreype
(0,(0,0,0;1,1,1; 1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))  (0,(0,0,0;1,1,1;1,1,1))
(12,(.1,.9,.7:.5,.3,0.2; 4,.6,.8)) (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1)) (12,(.4,.3,.4:.5,.6,.8;.7,.6,.5))
(0,(0,0,0;1,1,1;1,1, 1)) (0,(0,0,0;1,1,1; 1,1, 1)) (12,(.5,.4,.5;.6,.7,.7;.6, 4, 2))

T 02,02,1,.2:3,.45.6,.7,.8)  (0,(0,0,0;1,1,1;1,1,1)) (0, (0,0,0;1,1,1;1,1, 1))
(0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1)) (12,(.6,.5,.6:.7,.8.9;.8,.7,.6))
(12,(.3,.4,.5:.6,.7,.6:.5,.4,3))  (0,(0,0,0;1,1,1;1,1,1)) (0,(0,0,0;1,1,1;1,1,1))
(0,(0,0,0;1,1,1; 1,1, 1)) (0,(0,0,0;1,1,1;1,1,1))  (0,(0,0,0;1,1,1;1,1,1))

(20)
5 G\ e
Hence from Eqgs. (1) and (20) we conclude that <U 1 ) F0, 7.

5 Relationships with Existing Models and Application in Multi-Attribute Group Decision-Making
The comparison with existing sets is shown in Table 1.
The following proposed algorithm for the choice values of MPDNNSs:
An Algorithm for the Choice Values of MPDNNSs
1: S= {p1, p2,..., pm} 1s the universal set.
2: T= {ey, ey,..., ey} set of attributes.

3: Input MPDFENSs v (™" with N= {0, 1, 2,..., N — 1}.

4: Calculate M" = <Z}n=1 oy Z]’-”Zl Rgl,j). Here,

20, 1 1 26,
daij=1—7, RaU-:E-i—rg(E—?),

1/2
ra=(d+md+ -+t 234l el 0l)

< ()\'la)"Za"' a)\'m)a(vlaUZa"' an) >)
||(M13M25"'5M"1)” ’

6,= Tan™! (

Wherea <()"15 )"25' LR )"}’ﬂ)a (vla V2,ee e v}’ﬂ)> :)"11)1 +)"2v2 + ) )vam-
5: Calculate M}" =max{M!"} with i=1, 2,..., n.

1

6: M}" =max {M]"} can be chosen for any alternative.
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Table 1: Comparison of proposed model with existing models

Sets Truth Falsity Indeterminacy Parametrization Non-binary  Multi-polarity
membership  membership evaluation

Fuzzy set v X X X X X

Intutionistic v/ v X X X X

fuzzy set

Neutrosopic v v v X X X

set

Soft set X X X v X X

N-soft set X X X v v X

Fuzzy N-soft v X X v v X

set

Intutionistic v v X v v X

N-soft set

Neutrosopic v v v v v X

N-soft set

m-polar fuzzy v X X X X v

set

m-polar v v v v v v

diophantine

neutrosopic

N-soft set

Example 5.1. We assume that there are five candidates which appear in the interview and their
interviews will be completed in three days. There are three judges which are observed to each
candidate separately. The following data are elaborated in Table 2, of each candidate ¢;, i= 1, 2,
3, 4, 5 which are observed by from judges j;, i= 1, 2, 3.

Table 2: Data of interview of each candidates observed by judges

08’“) J1 J2 J3

c 4,(3,.2,.5;.2,.7, .8, .1, .4,.6)) (6,(.5,.4,.7,.6,.5 4;.3,.6,.5) (7,(3,.5,.5,.3,.6,.7; .6, .4,.3))
1) 6, (.6,.4,.6;.3,.5,.7,.5,.4,.3) (5,(2,.5,.6;.4,.6,.9;.1,.2,.3) (8,(2,.6,.5,.5,.8,.6;.3,.1, .4))
3 (7,(4,.6,.5,.3,.5,.7;.1, .4, .3) (2,(4,.5 3;,.5.6,.2;.5 4,.5) (3,(5 .3,.5 4,.3,.7, 4,.3,.0)
4 (3,(.5,.3,.4,4,.5,.6;.3,.2,.5) (8,(3,.6,.4,4,9,.6;,.5 4,3) (9,05 4,.5;.3,.7,.6;.4 .3 .2)
cs (1,(.6,.5,.4;,.3,.5,.7,.3, 4, 4) 46 (6,.5 4,4,.7,.1;,.3,.5.5) (7,(4,3,.5.2,.5 .7 4,.6,.4)

In Table 3, we find the choice values of all candidates by using proposed algorithm.

From Table 4, the candidates c¢s, ¢», ¢y are leading with respect to days first, second, and
third, respectively.

The working of proposed algorithm is shown in Fig. 1.
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Table 3: Tabular representation of choice value of 1//(C3 1D

ST 5 ,.3 ) % %

) 4,(3,.2,.5.2,.7,  (6,(5,.4,.7:.6,.5 (1,(3,.5.5.3,.6, (17,2.59680) (17,1.78017) (17, 1.64489)
8:.1, 4, .6)) 4: 3,.6,.5) 7:.6, 4,.3)

& (6,(6,.4,.6:3,.5 (5(2.5 .64, 6 (8 (2.6.5.5.8 (19,230871) (19,2.36016) (19, 2.24883)
7.5, 4,.3) 9:.1,.2,.3) 6:3,.1,.4))

e (7,(4,.6,.5:.3,.5 (2,(4,.5.3,.5.6, (3,(5.3,.5.4.3 (12,23995 (12,2.13054) (12, 1.91588)
7.1, .4,.3) 2;.5, 4,.5) 7; .4,.3,.6)

s (3,(5,.3, 4, 4,5, (8,(3,.6,.4,.4,.9, (9,(5, .4,.5.3,.7, (20,2.32576) (20,2.05034) (20, 1.89522)
6,.3,.2,.5) 6.5, .4, .3) 6;.4,.3,.2)

es (1,(6,.5 4:3,.5 (4,(6,.5 44,7, (1,(4.3,.5.2,.5 (12,2.65388) (12,2.08484) (12, 1.94623)
753, .4, .4) 1:.3,.5,.5) 7: 4, .6, .4))

Table 4: Comparison table of MPDFNSs with pervious models

o' NSS(o;)  FNSS(Q;) IFNSS(S;)  PFNSS(H) M|} M? M3

¢ 17 (17,0.89) (17, -0.03) (17,1.7462) (17,2.59680) (17,1.78017) (17, 1.64489)

& 19 (19,0.79)  (19,0.09)  (19,1.6368)  (19,2.30871) (19,2.36016) (19, 2.24883)

c3 12 (12, 0.99) (12,0.15) (12,1.8940)  (12,2.39995) (12,2.13054) (12,1.91588)

ca 20 (20,1.09)  (20,0.09)  (20,1.5705) (20,2.32576)  (20,2.05034) (20, 1.89522)

cs 12 (12,1.22)  (12,0.54)  (12,1.9097) (12,2.65388)  (12,2.08484) (12, 1.94623)

Q

Input

Universal
Set

Input

Attribute set

Compute
MPDNNS Set

—

Compute
Maximum

Choice Values

Compute Choice

Values M{"

Figure 1: Flow chart of proposed algorithm
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5.1 Relationships with Existing Sets
In this subsection, we establish the relationship with existing sets.

Definition 5.1. Let n be a threshold lies between 0 and N for the level, the PFNSS and PFSS
over X associated with 0" and n, symbolized by 0", defined by, for all a € 4,

(x,(u(@,v()), ifm=1,

(x,dg) (n(@),v(a), if (x,d,) € F(a),andd, > n,
(0,0.5), if d,/N >0.5,

0,1), if d,/N <0.5.

Ué(ln,m,N) —

Definition 5.2. Let k be a threshold with k € [—1, 1] for the score function, the N-soft over X
associated with UZ”’N) and k, symbolized by quk’m’N), defined by, for all a € A4,
(xada)a lf (xada) EF(a)a and Sa(x) Zkam: la
plemN) — 11, it Sy (x)>0,m=1,
0, if Sq(x)<0,m=1.

Definition 5.3. Let 7 be a threshold lies between 0 and N and threshold & with k€ [— 1, 1] for

the score function, the soft over X associated with 1///(4"1’N) and (n, k), symbolized by Ule("’k)’m’N),

defined by, for all a € A4,

nl,
Ugn’k)’l’N) = {x € XISS( v (x) >k, }

For soft set associated with %(13’6) and threshold (n, k) = (3, 0.3) is 653’0‘3)’1’6) =1}

From Example 3.1, we have the following outcome which are elaborate in Table 5.

Table 5: Pythagorean fuzzy N-soft set associated with 02’6) and m= 1

Uillj) el [} e3

Pl (4,03, 0.1)) (0, (0, 1)) (0, (0, 1))

P2 (0, (0, 1)) (0, (0, 1)) (3, (0.2, 0.8))
P3 (0, (0, 1, )) (0, (0, 1)) (2, (0.5, 0.4))
P4 (5,(0.5,0.3)) (0,0, 1)) (0, (0, 1))

ps (0, (0, 1)) (0, (0, 1)) (2, (0.4, 0.7))
P6 (0, (0, 1)) (0, 0, D)) (0, (0, 1))

In Tables 6 and 7, we deduce Pythagorean fuzzy soft set and N-soft set from MPDFNSs.
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Table 6: Pythagorean fuzzy soft set associated with Ufﬁ) and threshold n= 3

Uf’l’é) el e e3

01 (0.3, 0.1) ©, 1 0, 1)

02 ©, 1) ©, 1) (0.2, 0.8)
3 0, 1,) 0, 1) 0, 1)

04 (0.5, 0.3) ©, 1 ©, 1

p5 0, 1) 0, 1) 0, 1)

P6 0, 1) 0, 1) 0, 1)

07 (0.6, 0.4) ©, 1 ©, 1

Table 7: N-soft set associated with 02’6) and threshold k= 0.3

69'3’1’6) el e e3
01 1 0 0
02 0 0 0
03 0 0 1
04 1 0 1
05 0 0 0
06 0 0 0
07 1 0 0

6 Conclusion

In this paper, we investigate a new set namely the m-polar Diophantine neutrosophic N-soft
set which is based on neutrosophic set and soft set. We are discussed different types of compli-
ments on the proposed set and elaborate these compliments with examples. The purposed set is a
generalized form of fuzzy, soft, Pythagorean fuzzy, Pythagorean fuzzy soft, and Pythagorean fuzzy
N-soft sets. Moreover, as an application, we proposed an algorithm for multi-attribute decision-
making problems by defining the new score function. In future work, one can discuss algebraic
structures and topological properties on m-polar Diophantine neutrosophic N-soft set. Moreover,
ones can develop the concept of m-polar Diophantine neutrosophic N-soft graph and then discuss
their properties.
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