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Abstract. Neutrosophic vague hypersoft set (nVHs-set) is a novel hybrid model that is projected to address the
limitations of existing fuzzy vague set-like structures for degree of indeterminacy and multi argument approxi-
mate function. This function maps the cartesian product of disjoint attribute valued sets to power set of initial
universe. This study aims to characterize nVHs-set to tackle uncertainties more efficiently. Some essential prop-
erties and set-theoretic cum aggregation operations of nVHs-set are characterized by employing axiomatic and
analytical approaches respectively and explained with the help of suitable examples. An algorithm is proposed
based on aggregations of nVHs-set for dealing real-world decision-making issues and problems. The proposed
algorithm is validated by its implementation in real-world decision-making problem for the optimal selection of
farmhouse. Moreover advantageous aspects of proposed model are assessed with the help of evaluating features

through comparison analysis.
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1. Introduction

The concept of fuzzy set was generated by Zadeh [1] to address uncertainty and vagueness in
daily life problems. Real life problems involving indecisive and ambiguous environment under
fuzzy sets and fuzzy logic were addressed by different authors [2H5]. Gau et al. [6], Atanassov [7]
and Pawlak [8] also worked on research problems under uncertain situations. Neutrosophic
set theory [9] generalized the concept of classical set, fuzzy set and intuitionistic fuzzy set.
Neutrosophic logic is a logic where every proposition has different values for truth, falsehood,
and indeterminacy which means that there exists some neutral part which is neither true,

nor false, rather it is vague. Soft set theory was conceptualized by Molodtsov [10] to handle
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vagueness and uncertainty in data. The idea of soft set and fuzzy set with their amplified
impacts on set theory were undertaken by Maji et al. |[11], Feng et al. [12] Zhang et al. [13],
Salleh et al. [14] and Alkhazaleh et al. [15]. Xu et al. |16] developed the innovative concept
of vague soft set where as Alhazaymeh et al. [17] generalized the concept. Alhazaymeh et
al. [18] also discussed vague soft sets relations and functions. Intuitionistic fuzzy soft set and
neutrosophic soft set were initiated by Maji et al. [19,20]. Broumi et al. [21] and Deli [22]
depicted the idea of intuitionistic neutrosophic soft set and interval-valued neutrosophic soft
sets and applied the concept in decision making. Recent work on interval-valued vague soft
sets by Alhazaymeh et al. [23}26] has created many slits for researchers [27-31]. Different
vague soft set variants were discussed by Hassan et al. [32,33]. Vague set and neutrosophic set
were hybridized to form neutrosophic vague set [34] which became an efficient tool to discuss
and solve problems with uncertain, incomplete and inconsistent data.

Al Quran et al. [35] developed neutrosophic vague soft set nVs-set as hybrid model of soft
set and neutrosophic vague set which made it more effective and efficient for solving decision

making problems. nVs-set deals with uncertain, incomplete and indeterminate type of data.

1.1. Research gap and Motivation

In many real life problems, it is essential to partition attributes into sets of sub attributive
values. Soft set theory is incompatible and inadequate to deal with such type of problems. The
concept of hypersoft set [36] introduces multi argument approximate function which fulfills the
insufficiency of soft set. Fundamentals of hypersoft set have been elaborated in [37]. Many
hypersoft set variants under uncertain environment have already been examined by Rahman et
al. [3844] and Saeed et al. [45H50]. Recently the researchers [51-59] made rich contributions
towards the characterization of various hybrids of hypersoft set ad their application in decision
making and other fields.

The question arises ”Can we mingle the concept of neutrosophic vague soft set and hypersoft
set”? In other words ”How is multi argument approximate function applicable to neutrosophic
vague soft sets?” and ”How can this new hybrid structure of hypersoft set and neutrosophic
vague soft set be more effective and useful than existing models”? The research paper aims

to answer these questions.

1.2. Main Contributions

The major contributions of the study are given hereafter:

(1) The existing models [34-36] are made adequate with nVHs-set,
(2) the scenario where parameters are divided into sub-parameters, is dealt,
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(3) multi-attribute decision making is discussed based on nVHs-set through algorithmic
approach,

(4) real life decision making problem is solved using nVHs-set,

(5) proposed model is compared with existing relevant models,

(6) validity and generalization of proposed model is discussed.

1.3. Paper Layout

The research paper is divided into different sections as given below:
Some basic definitions are discussed in section 2. The concept of nVHs-set is originated in
section 3 whereas a decision making problem is solved in section 4. Comparison analysis
of proposed model with existing models is done in section 5. Merits of proposed model are

discussed in section 6. Finally section 7 concludes the paper with future directions.

2. Preliminaries

In this section, some basic definitions from literature are recalled. In this paper Z will

represent universe of discourse.

Definition 2.1. [6] Let z be a generic element of Z. Let V in Z denote vague set which
contains a truth membership function 7y whereas 7y (z) € [0,1] is lower bound on grade
of membership taken from the evidence for z and false membership function Fy whereas
Fv(z) € [0,1] is lower bound on grade of non-membership taken from the evidence against z

with condition Ty (z) + Fy(z) < 1.

Definition 2.2. [9] A neutrosophic set N defined on universal set Z is given by
N ={< 2T (2); In(2); Fn(z) >;2 € 2},

such that T;Z; F : Z — 170,17 with 0 < Tar(2) + Zn(2) + Far(z) < 3T,

Definition 2.3. [34] Let Z be universe of discourse. A neutrosophic vague set Ny on Z

denoted by nV-set can be given by
My ={< 2T (2): I (2): Fans (2) >3 2 € 2}

were Ty, (2) = [T, T, Zny, (2) = [Z7,Z7] and Fa,(2) = [F~, F '] are truth membership,
indeterminacy and false membership respectively and satisfy following conditions 7+ = 1—F—,
Ft=1-T",0<T+I+F<2t.

Definition 2.4. [34] For two nV-sets My, and Ny,, Ny, is called nV-subset of Ny, if following
conditions hold for all z; € Z and i = 1,2,3,...,n; Tay, (1) < T, (21), Iy, (2i) = Ian, (2i)
and Fpy, (2i) = Fay, (20)-

Muhammad Arshad, Muhammad Saeed, Atige Ur Rahman, A Novel Intelligent
Multi-Attributes Decision-Making Approach Based on Generalized Neutrosophic Vague
Hybrid Computing




Neutrosophic Sets and Systems, Vol. 50, 2022 535

Definition 2.5. [34] Two nV-sets Ny, and Ny, are nV-set equal if following conditions hold
for all z; € Z and i = 1,2,3,...,n; Ta, (2i) = T, (%), I, (1) = Ian, (2:) and Fa, (2:) =
.FNVQ (Zz)

Definition 2.6. [34] N, the complement of nV-set Ny, on Z is given by
v ={< 5T ()i i, (2); Fis (2) >12 € 2},
where T\ (2) =[1 =T 1T |, I (2) = [1 - I",1-Z7], and Ff, (2) =1 - F ", 1-F].

Definition 2.7. [34] The intersection Ny of two nV-sets Ny, and Ny, denoted by Ny =

My, NNy, is nV-set with following conditions Vz; € Z and i = 1,2,3,...,n; Ta;(2) =
T — I v _ - - + 7+

[mm(TNvl,TNVQ),mm(TNVl,TNVQ)], Tny () = [maX(INvl,INVQ),maX(INVI,Isz) and

Fny(2i) = [max(]-"val,fxfw%max(]:/—\i_fvl7]7\’_/‘,2 )}

Definition 2.8. [34] The union Ny of two nV-sets Ny, and Ny, denoted by Ny =
My, U Ny, is nV-set with following conditions Vz; € Z and i = 1,2,3,...,n; Tp;(z) =
— + Ny (T T (T T+
[maX(TNvl,Tsz),max(T Vl,TN—%)}, Iy, (zi) = [mm(INv1’INVQ)’mm(INvl’INvQ) and

Fay(z0) = [min(Fy, . Frg, )omin(F, L F ).

Definition 2.9. [35] Let £ be set of parameters for Z and A C £. A neutrosophic vague
soft set (Mys,A) on Z denoted by nVs-set can be given by Mps : A — Np(Z) where Ny(2)

represents set of all nV-subsets of Z.

Definition 2.10. [35] For two nVs-sets (Myps,,A) and (Nys,A), (Nys,,A) is called nVs-
subset of (Mys,,A) i.e. (Mps,, A) C (Mps,A) if following conditions hold: A C A, Nyg, (0) is
nV-subset of NMys,(0) for all 6 € A.

Definition 2.11. [35] Two nVs-sets (Mys,, A) and (Mys,A), are nVs-set equal if (Mys,,A) C
(Mys,, A) and (Mys,, A) C (Nys, A).

Definition 2.12. [35] A nVs-set (Nys,A) is null nVs-set written as @y, if following con-
ditions holds for all values 7 € Z and 0 € A; Ty () = [0,0], Inq,g (7) = [1,1], and
FiNvso (m) =[1,1].

Definition 2.13. [35] A nVs-set (Mys, A) is absolute nVs-set written as Wy, if following
conditions holds for all values 7 € Z and 0 € A; Tiy,g4, (7) = [1,1], Zny,g0, (7) = [0,0], and
Fiys (™) =10,0].

Definition 2.14. [35] The compliment (Nys, A)® of nVs-set (Nys, A) is given by (Nys, A)s =
(NMpg, A) where Mg : A = Ny(Z) is defined as Ny, g(7) = ¢(NMys(m)), Vo € A such that Ny (Z)
represents set of all nV-subsets of Z and ¢ is neutrosophic vague compliment.
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Definition 2.15. [35] The intersection (Mys,T) of two nVs-sets (Mys,,A) and (Nys,, A)
denoted by Mps = Mys,NMNyps, where T = AUA and V0 € T, is given by

Mys, (0) 0eA—A
(Mys, 1) = Nys, (0) deA—AN o,
Mys, () Nys, () ;0 € ANA

where M is nV-set intersection.

Definition 2.16. [35] The union (Mys, T) of two nVs-sets (Mys,, A) and (Nys,, A) denoted
by Nys = Nys,UNys, where Y = AU A and V8 € T, is given by

NVS1(0) ;0eA—A
(Mys, T) = Nys, (0) e A—A o,
stl (9)ﬁNv32 (9) 0 ANA

where U is nV-set union.

3. NEUTROSOPHIC VAGUE HYPERSOFT SET (nVHs-set)

Neutrosophic vague hypersoft set (nVHs-set) is introduced in this section. Some basic

operations of (nVHs-set) are also discussed.

Definition 3.1. For a universal set Z, let £ be set of parameters and A C £. The pair
(Myus, M) is called neutrosophic vague hypersoft set (nVHs-set) over Z where My is defined
by Myns : A — NV (Z) such that A = A; X Ag X ... x A, with A;,i =1,2,3,..,n are disjoint
attribute-valued sets corresponding to distinct attributes ¢;,¢ = 1,2, 3, ..., n respectively and 6

is a n-tuple element of A and Nyys() is an approximate element of nVHs-set over Z.

Example 3.2. A company wants to supply antibacterial soap for cure of Covid-19 patient in
a hospital. Let Z = {z1, 29, ..., 25} be the universal set consisting of five kinds of antibacterial
soap for cure of Covid-19 patient available in market. Let £ be the set of parameters. Let A;
be the nonempty subset of £ for each ¢ = 1,2, 3 represent multi attribute set corresponding
to each element of & and A = A; x Ay x As, where Ay = {a11},A2 = {b11,b12}, A3 = {c11}-
Let A = {01,62,05} i.e. we have three criteria for evaluation of material where ¢; stands for
ingredient of soap which triclosan, triclocarban and benzalkonium chloride, 85 stands for color
of soap which is blue, green and white, and 63 stands for price which is low, medium and high.
A mapping is defined as follows Myys : A = NV (Z). Consider

z1/ < [0.1,0.3];[0.2,0.4]; [0.7,0.9] >, z2/ < [0.2,0.5];[0.3,0.4];[0.5,0.8] >,
Mms(6h) = ¢ 23/ < [0.2,0.6];[0.2,0.4];[0.4,0.8] >, 24/ < [0.1,0.7];[0.4,0.5]; [0.3,0.9] >,
z5/ < [0.2,0.4];[0.4,0.5]; [0.6,0.8] >
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TABLE 1. nVHs-set (Myys, A)

Z 01 0o 03
2 < [0.1,0.3];0.2,0.4];:[0.7,0.9] > < [0.2,0.5];[0.3,0.5];[0.5,0.8] > < [0.3,0.5];[0.1,0.3]; [0.5,0.7
2o < [0.2,0.5;0.3,0.4):[0.5,0.8] > < [0.2,0.3];[0.2,0.4];[0.7,0.8] > < [0.2,0.7];]0.3,0.4];[0.3,0.8
23 < [0.2,0.6];[0.2,0.4];[0.4,0.8] > < [0.4,0.5];[0.2,0.6];[0.5,0.6] > < [0.1,0.3];[0.5,0.8];[0.7,0.9
24 <[0.1,0.7];[0.4,0.5];[0.3,0.9] > < [0.1,0.3];[0.1,0.5];[0.7,0.9] > < [0.2,0.5];[0.3,0.7];[0.5,0.8
25 < [0.2,0.4];[0.4,0.5);[0.6,0.8] > < [0.3,0.6];[0.4,0.7];[0.4,0.7] > < [0.3,0.6];[0.2,0.3]; [0.4,0.7
z1/ < [0.2,0.5];[0.3,0.5]; [0.5,0.8] >, 22/ < [0.2,0.3];[0.2,0.4];[0.7,0.8] >,
Mms(02) = ¢ 23/ < [0.4,0.5];[0.2,0.6];[0.5,0.6] >, 24/ < [0.1,0.3];[0.1,0.5];[0.7,0.9] >,
z5/ < [0.3,0.6];[0.4,0.7]; [0.4,0.7] >
z1/ < [0.3,0.5];[0.1,0.3];[0.5,0.7] >, 22/ < [0.2,0.7];[0.3,0.4]; [0.3,0.8] >,
Nyus(03) = ¢ 23/ < [0.1,0.3];[0.5,0.8];[0.7,0.9] >, 24/ < [0.2,0.5];[0.3,0.7]; [0.5,0.8] >,
z5/ < 10.3,0.6];[0.2,0.3];[0.4,0.7] >
It can also be written as
z1/ < [0.1,0.3];[0.2,0.4]; [0.7,0.9] >, z5/ < [0.2,0.5];[0.3,0.4]; [0.5,0.8] >,
01,4 23/ <[0.2,0.6];[0.2,0.4];[0.4,0.8] >, z4/ < [0.1,0.7];[0.4,0.5]; [0.3,0.9] >,
z5/ < [0.2,0.4];[0.4,0.5]; [0.6,0.8] >
z1/ < [0.2,0.5];[0.3,0.5]; [0.5,0.8] >, z2/ < [0.2,0.3];[0.2,0.4];[0.7,0.8] >,
(Mygs, A) = 2,4 23/ < [0.4,0.5];[0.2,0.6]; [0.5,0.6] >, z4/ < [0.1,0.3];]0.1,0.5];[0.7,0.9] >,
z5/ < [0.3,0.6];[0.4,0.7]; [0.4,0.7] >
z1/ < [0.3,0.5];[0.1,0.3]; [0.5,0.7] >, 22/ < [0.2,0.7];[0.3,0.4]; [0.3,0.8] >,
03,4 23/ < [0.1,0.3];[0.5,0.8];[0.7,0.9] >, z4/ < [0.2,0.5];[0.3,0.7];[0.5,0.8] >,
z5/ < [0.3,0.6];[0.2,0.3];[0.4,0.7] >

\

nVHs-set (Mpxs, A) can also be represented in the form of table

Definition 3.3. For two nVHs-sets (Mpys,, A) and (Mpys,A), (Myus,, A) is called nVHs-
subset of (Myus,,A) ie. (Myus,, A) € (NMyus,A) if following conditions hold; A C A and
Nyus, (0) is nVs-subset of Myys,(0) for all § € A.

Example 3.4. Consider Example where A = {02,035} for 6; € Ay x Ay x Asg,i = 2,3 and
A = {61,0,03} for 6; € Ay x Ay x Ag,i = 1,2,3. Suppose (Mpys,,A) and (Myys,,A) are
two nVHs-sets of defined as follow and demonstrated in table 2l and table [3

(Mons,, A) =
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TABLE 2. nVHs-set (Myys,, A)

Z 0o 03

o <[0.2,0.4];[0.3,0.6];0.6,0.8] > < [0.2,0.4];[0.2,0.5]; [0.6,0.8] >
2 <[0.1,0.3];[0.2,0.5);[0.7,0.9] > < [0.2,0.6];[0.3,0.5]; [0.4,0.8] >
2 <[0.3,0.5];[0.2,0.7:[0.5,0.7] > < [0.1,0.2];[0.6,0.9]; [0.8,0.9] >
s <[0.1,0.3];[0.1,0.7):[0.7,0.9] > < [0.2,0.4];0.4,0.8];[0.6,0.8] >
2 <[0.2,0.5];[0.4,0.8);0.5,0.8] > < [0.2,0.5]:[0.4,0.7]; [0.5,0.8] >

TABLE 3. nVHs-set (Myys,, A)

01

02

03

21
Z2
Z3
Z4

25

0.1,0.3];[0.2,0.4]; [0.7,0.9
0.2,0.5]:[0.3,0.4]; [0.5,0.8

0.1,0.7]; (0.4, 0.5]; [0.3, 0.9
0.2,0.4]; 0.4, 0.5]; [0.6, 0.8

< i i ] >
< i [ ;[ ] >
< [0.2,0.6];]0.2,0.4];[0.4,0.8] >
< [0.1,0.7):[04, 0.5]; [0.3,0.9] >
<[ J; [ J; [ ] >

< [0.2,0.5];[0.3,0.5); [0.5,0.8] >
< [0.2,0.3];0.2,0.4); [0.7,0.8] >
< [0.4,0.5];0.2,0.6]; [0.5,0.6] >
< [0.1,0.3];[0.1,0.5); [0.7,0.9] >
< [0.3,0.6];[0.4,0.7);[0.4,0.7] >

< [0.3,0.5];[0.1,0.3]; [0.5,0.7] >
< [0.2,0.7);0.3,0.4); [0.3,0.8] >
< [0.1,0.3];[0.5,0.8];[0.7,0.9] >
< [0.2,0.5];0.3,0.7);[0.5,0.8] >
< [0.3,0.6];[0.2,0.3]; [0.4,0.7] >

[ L ]
[ L ]
L 25/ < [0.2,0.5];[0.4,0.8];
21/ < [0.2,0.4];0.2,0.5];

[ L ]

[ L ]

03,{ 23/ < [0.1,0.2];]0.6,0.9]; [0.8,0.9] >, 24/ < [0.2,0.4]; [0.4,0.8];[0.6,0.8] >

z5/ < [0.2,0.5];[0.4,0.7];

21/ < [0.1,0.3];]0.2,0.4];[0.7,0.9] >, 22/ < [0.2,0.5];[0.3,0.4]; [0.5,0.8] >
01,{ 23/ <[0.2,0.6];[0.2,0.4];[0.4,0.8] >, 24/ < [0.1,0.7];[0.4,0.5];[0.3,0.9] >, ¢ |,

z5/ < [0.2,0.4];[0.4,0.5];

[ ]
[ ]
[ | >
21/ < [0.2,0.5];[0.3,0.5]; [0.5,0.8] >, 25/ < [0.2,0.3]; [0.2,0.4];[0.7,0.8] >, W
[0.5,0.6] >, 24/ < [0.1,0.3];[0.1,0.5);[0.7,0.9] >, ¢ |,
[ ] >
[ ]
[ ]
[ ] >

25/ < [0.3,0.6];[0.4,0.7);

21/ < [0.3,0.5];]0.1,0.3];[0.5,0.7] >, 22/ < [0.2,0.7];[0.3,0.4];[0.3,0.8] >
03,4 23/ <[0.1,0.3];[0.5,0.8];[0.7,0.9] >, 24/ < [0.2,0.5];[0.3,0.7]; [0.5,0.8] >

[ i ]
[ i ]
[ i |
[ i ]
2,4 23/ < [0.4,0.5];[0.2,0.6];
[ i1 ]
[ i ]
[ i ]
[ i |

25/ < [0.3,0.6);[0.2,0.3];

21/ < [0.2,0.4];]0.3,0.6]; [0.6,0.8] >, 22/ < [0.1,0.3];[0.2,0.5];[0.7,0.9] >
02, 23/ < [0.3,0.5];]0.2,0.7];[0.5,0.7] >, 24/ < [0.1,0.3];[0.1,0.7];[0.7,0.9] >

0.5,0.8] >

0.5,0.8] >

(Moys,, D) =

0.6,0.8] >

0.4,0.7 >

0.4,0.7] >

[ ]
[ ]
[ ] >
[0.6,0.8] >, 25/ < [0.2,0.6];0.3,0.5]; [0.4,0.8] >
[ ]
[ ] >

It can easily be seen that nVHs-set (Mpxs,, A) € nVHs-set (Myys,, A) where as A C A.

Definition 3.5. Two nVHs-sets (Myys,,A) and (Myws,A), are nVHs-set equal if

(Myys,, A) €

(Mous,, A) and (Nyys,, A) C

(Mous, A)
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TABLE 4. (Myus, A)S

z 0, 0o 05

2 < [0.7,0.9];[0.6,0.8];[0.1,0.3] > < [0.5,0.8];[0.5,0.8];[0.2,0.5] > < [0.5,0.7];]0.7,0.9];[0.3,0.5
2 < [0.5,0.8);[0.6,0.7);[0.2,0.5] > < [0.7,0.8];[0.6,0.8];[0.2,0.3] > < [0.3,0.8];[0.6,0.7];[0.2,0.7
25 < [0.4,0.8];0.6,0.8]:[0.2,0.6] > < [0.5,0.6];[0.4,0.8];[0.4,0.5] > < [0.7,0.9];]0.2,0.5];[0.1,0.3
24 < [0.3,0.9];[0.5,0.6);[0.1,0.7] > < [0.7,0.9];[0.5,0.9];[0.1,0.3] > < [0.5,0.8];[0.3,0.7];0.2,0.5
25 < [0.6,0.8];[0.5,0.6):[0.2,0.4] > < [0.4,0.7);[0.3,0.6];[0.3,0.6] > < [0.4,0.7];]0.7,0.8];[0.3,0.6

| >
] >
| >
] >
| >

Definition 3.6. A nVHs-set (Nys,A) is null nVHs-set written as ®ay,,,, if following condi-
tions holds for all values 7 € Z and 6 € A; Tii,y5 (1) = [0,0], Zag,y,50,(m) = [1,1], and
fNVHS(g)(W) = [1,1].

Definition 3.7. A nVHs-set (Myys, A) is absolute nVHs-set written as Wy, ¢ if following
conditions holds for all values 7 € Z and 0 € A; Ty, 5, (7) = [1, 1], Zng,y 54, (7) = [0,0], and
‘FNVHS(Q) (ﬂ-) = [07 O]

Definition 3.8. The compliment (AMVyys, A)S of nVs-set (NMpus, A) is given by (Nyys, A)S =
(Mpyg: A) where Ny s 0 A — Ny(2) is defined as Ny, 5(7) = ¢(Nyns(m)), Vo € A such that

Ny(Z) represents set of all nVHs-subsets of Z and ¢ is neutrosophic vague compliment.

Example 3.9. Consider (Npys,A) is nVHs-set defined as in Example where A =
{61,02,03} for 0; € Ay x Ay x Az, i =1,2,3. The compliment (Npys, A)S of nVHs-set (Myys, A)
is demonstrated in table |[4] and given by:

21/ < [0.7,0.9];[0.6,0.8];[0.1,0.3] >, 22/ < [0.5,0.8];[0.6,0.7];[0.2,0.5] >,

61,{ 23/ <[0.4,0.8];[0.6,0.8];[0.2,0.6] >, 24/ < [0.3,0.9];[0.5,0.6]; [0.1,0.7] >, ;
25/ < [0.6,0.8];[0.5,0.6]; [0.2,0.4] >

21/ < [0.5,0.8];[0.5,0.8];[0.2,0.5] >, 22/ < [0.7,0.8];[0.6,0.8];[0.2,0.3] >,

Myws, M) = 02,4 =23/ < [0.5,0.6];[0.4,0.8];[0.4,0.5] >, 24/ < [0.7,0.9]; [0.5,0.9];[0.1,0.3] >,
25/ < [0.4,0.7);]0.3,0.6]; [0.3,0.6] >

21/ < [0.5,0.7];[0.7,0.9]; [0.3,0.5] >, 22/ < [0.3,0.8];[0.6,0.7];[0.2,0.7] >,

03,9 23/ <[0.7,0.9];[0.2,0.5];[0.1,0.3] >, 24/ < [0.5,0.8];[0.3,0.7]; [0.2,0.5] >,
25/ < [0.4,0.7);]0.7,0.8]; [0.3,0.6] >

Definition 3.10. The intersection (Myxs, Y) of two nVHs-sets (Myys,, A) and (Nyxs,, A)
denoted by Myys = Myys, \Nyus, where T = AU A and V0 € T, is given by

Nyws, (0) yifde A—A
(Myus, T) = Nys, (6) fee A—A 3,
Mons, () Nos, (0)  ,if0 € ANA,

where N is nV-set intersection.
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TABLE 5. nVHs-set (Myys,, A)

01 02

21

Z2

24

<5

< [0.1,0.3];[0.2,0.4];[0.7,0.9] >
< [0.2,0.5];0.3,0.4]; [0.5,0.8] >
zs < [0.2,0.6];[0.2,0.4];[0.4,0.8] >
< [0.1,0.7); [ I; [ | >
< [0.2,0.4]; I; [ | >

- - < [0.3,0.6];[0.2,0.5); [0.4,0.7] >
; ; < [0.1,0.3];[0.2,0.5); [0.7,0.9] >
< [0.3,0.6];[0.2,0.4]; [0.4,0.7] >
<[ ;[ H ] >
< J; [ i | >

0.4,0.5
0.4,0.5

0.3,0.9
0.6,0.8

) )

0.2,0.3];]0.3,0.5]; [0.7, 0.8
0.3,0.4]; 0.5, 0.7]; [0.6, 0.7

) )

) ) 3 3

TABLE 6. nVHs-set (Nyys,, A)

z 05 0

2z <[0.2,0.5];0.3,0.5;[0.5,0.8] > < [0.3,0.5];[0.1,0.3];[0.5,0.7] >
z < [0.2,0.3];[0.2,0.4];[0.7,0.8] > < [0.2,0.7);[0.3,0.4]; [0.3,0.8] >
23 < [0.4,0.5];[0.2,0.6];[0.5,0.6] > < [0.1,0.3];[0.5,0.8]; [0.7,0.9] >
zs < [0.1,0.3];[0.1,0.5];[0.7,0.9] > < [0.2,0.5];[0.3,0.7];[0.5,0.8] >
25 < [0.3,0.6];[0.4,0.7);[0.4,0.7] > < [0.3,0.6];[0.2,0.3];[0.4,0.7] >

Example 3.11. Let (Mpys,,A) and (Myys,, A) are two nVHs-sets where A = {61,065} for
0; € A x Ay x Az, i = 1,2 and A= {(92,(93} for 6; € A1 x Ag X Ag,i = 2,3, as discussed in

Example 3.2 and demonstrated in table [5] and table [6] and given as following:

01,
Myus;, A) =

02,

02,
Myus,,A) =

03,

The intersection (Myys,T) of two nVHs-sets (Myys,,A) and (Myus,,A) represented by Myys = Nyys, MNVvus,
where T = AU A and VO € T, is demonstrated in table E and given by (Myus, T) = (Myus,, ANNpus,, A)

91»

Myus, T) = 62,

937

z1/ < [0.1,0.3];[0.2,0.4];[0.7,0.9] >, z2/ < [0.2,0.5]; [0.3,0.4]; [0.5, 0.8] >,
23/ < [0.2,0.6];[0.2,0.4]; [0.4,0.8] >, 24/ < [0.1,0.7]; [0.4, 0.5]; [0.3,0.9] >,
25/ < [0.2,0.4];[0.4,0.5]; [0.6,0.8] >
21/ < [0.3,0.6];[0.2,0.5]; [0.4,0.7] >, 22/ < [0.1,0.3];[0.2,0.5]; [0.7,0.9] >,
23/ < [0.3,0.6];[0.2,0.4]; [0.4,0.7] >, 24/ < [0.2,0.3];]0.3,0.5]; [0.7,0.8] >,
25/ < [0.3,0.4];[0.5,0.7]; [0.6,0.7] >

21/ < [0.2,0.5];[0.3,0.5]; [0.5,0.8] >, 22/ < [0.2,0.3];[0.2,0.4]; [0.7,0.8] >,
z3/ < [0.4,0.5];[0.2,0.6]; [0.5,0.6] >, 24/ < [0.1,0.3];[0.1,0.5];[0.7,0.9] >,
z5/ < [0.3,0.6];[0.4,0.7]; [0.4,0.7] >
21/ < [0.3,0.5];[0.1,0.3]; [0.5,0.7] >, 22/ < [0.2,0.7];[0.3,0.4]; [0.3,0.8] >,
z3/ < [0.1,0.3];[0.5,0.8]; [0.7,0.9] >, 24/ < [0.2,0.5];[0.3,0.7];[0.5,0.8] >,
z5/ < [0.3,0.6];[0.2,0.3]; [0.4,0.7] >

21/ < [0.1,0.3];[0.2,0.4]; [0.7,0.9] >, z2/ < [0.2,0.5];[0.3,0.4]; [0.5,0.8] >,
z3/ < [0.2,0.6];[0.2,0.4]; [0.4,0.8] >, 24/ < [0.1,0.7]; [0.4,0.5];[0.3,0.9] >,
z5/ < [0.2,0.4];[0.4,0.5]; [0.6,0.8] >
z1/ < [0.2,0.5];[0.3,0.5]; [0.5,0.8] >, z2/ < [0.1,0.3];[0.2,0.5]; [0.7,0.9] >,
z3/ < [0.3,0.5];[0.2,0.6]; [0.5,0.7] >, 24/ < [0.1,0.3];[0.3,0.5];[0.7,0.9] >,
z5/ < [0.3,0.4];[0.5,0.7]; [0.6,0.7] >
z1/ < [0.3,0.5];[0.1,0.3];[0.5,0.7] >, z2/ < [0.2,0.7];[0.3,0.4]; [0.3,0.8] >,
z3/ < [0.1,0.3];[0.5,0.8]; [0.7,0.9] >, z4/ < [0.2,0.5];[0.3,0.7]; [0.5,0.8] >,
z5/ < [0.3,0.6];[0.2,0.3];[0.4,0.7] >
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TABLE 7. (Myus, T) = (Myus,, )N(Npas,, A)

Z 6, 0 03

21 < [0.1,03);[0.2,04];[0.7,0.9] > < [0.2,0.5];[0.3,0.5];[0.5,0.8] > < [0.3,0.5]; [0.1,0.3]; [0.5,0.7] >
2 < [0.2,0.5);[0.3,04];[0.5,0.8] > < [0.1,0.3];[0.2,0.5;[0.7,0.9] > < [0.2,0.7];[0.3,0.4]; [0.3,0.8] >
2 < [0.2,0.6;[0.2,0.4];[0.4,0.8] > < [0.3,0.5);0.2,0.6]:[0.5,0.7] > < [0.1,0.3];[0.5,0.8]; [0.7,0.9] >
2 < [0.1,0.7);[0.4,0.5);[0.3,0.9] > < [0.1,0.3];[0.3,0.5];[0.7,0.9] > < [0.2,0.5];[0.3,0.7]: [0.5,0.8] >
2 < [0.2,04];[0.4,0.5);[0.6,0.8] > < [0.3,0.4];[0.5,0.7];[0.6,0.7] > < [0.3,0.6];[0.2,0.3]; [0.4,0.7] >

TABLE 8. nVHs-set (Myxs, T)

Z 01 02 03

2 < [0.1,0.3):[0.2,0.4];[0.7,0.9] > < [0.2,0.5];[0.3,0.5):[0.5,0.8] > < [0.3,0.5];[0.1,0.3];[0.5,0.7] >
2o < [0.2,0.5;[0.3,0.4):[0.5,0.8] > < [0.1,0.3];[0.2,0.5];[0.7,0.9] > < [0.2,0.7];]0.3,0.4]; [0.3,0.8] >
23 < [0.2,0.6];[0.2,0.4):[0.4,0.8] > < [0.3,0.5];[0.2,0.6];[0.5,0.7] > < [0.1,0.3];]0.5,0.8];[0.7,0.9] >
21 < [0.1,0.7);[0.4,0.5):[0.3,0.9] > < [0.1,0.3];[0.3,0.5];[0.7,0.9] > < [0.2,0.5];]0.3,0.7];[0.5,0.8] >
25 < [0.2,0.4):[0.4,0.5];[0.6,0.8] > < [0.3,0.4];[0.5,0.7);[0.6,0.7] > < [0.3,0.6];[0.2,0.3];[0.4,0.7] >

Definition 3.12. The union (Mpys, T) of two nVHs-sets (Myys,, A) and (Myys,, A) denoted
by Myus = Nyus, UNpys, where T = AUA and V6 € T, is given by

NMyus, (0) ,ifo e A— A
(Mous, 1) = Nyys, (0) ifde A—A 5,
Moys () WNyus, (0)  ,if0 € ANA,

where U is nV-set union.

Example 3.13. Let (Mpys,,A) and (Myys,, A) are two nVHs-sets as discussed in example
and defined in example [3.11

The union (NMyys, T) of (Myus,,A) and (NMyys,, A) represented by Myys = Myys, UNyus,
where T = AU A and Vf € 7T, is demonstrated in table |8 and given by (Myys,T) =
(Monsy s NUNyus,, A) =

21/ < [0.1,0.3];[0.2,0.4]; [0.7,0.9] >, 22/ < [0.2,0.5];[0.3,0.4];[0.5,0.8] >,
01,9 =23/ <[0.2,0.6];[0.2,0.4];[0.4,0.8] >, z4/ < [0.1,0.7];[0.4,0.5]; [0.3,0.9] >, )
25/ < [0.2,0.4];[0.4,0.5];[0.6,0.8] >
21/ < [0.3,0.6];[0.2,0.5];[0.4,0.7] >, 22/ < [0.2,0.3];[0.2,0.4];[0.7,0.8] >,
Myus, T) = 02,4 z3/ < [0.4,0.6];[0.2,0.4];[0.4,0.6] >, z4/ < [0.2,0.3];[0.1,0.5];[0.7,0.8] >, ,
25/ < [0.3,0.6];[0.4,0.7];[0.4,0.7] >
21/ < [0.3,0.5];[0.1,0.3];[0.5,0.7] >, 22/ < [0.2,0.7];[0.3,0.4];[0.3,0.8] >,
03,4 23/ < [0.1,0.3];[0.5,0.8];[0.7,0.9] >, 24/ < [0.2,0.5];[0.3,0.7];[0.5,0.8] >,
z5/ < [0.3,0.6];[0.2,0.3];[0.4,0.7] >

Proposition 3.14. Let (Myys,,A) and (Nyys,, A) are two nVHs-sets over Z, the following
laws hold.

(1) Mous,, MNNyys,; A) = (Myoys,, A)
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(2) (Mns,, N)UNvus,, A) = (Nyus,, A)
(3) Myus,, MNNyus,, A) = (Myus,, A)N(Nyys,, A)
(4) Myus, s A)UNvus,, A) = (Mons,, A)U(Nyps,, A)

Proposition 3.15. Let (Myys,, A), (Nyus,, A) and (Nyys,, T) are three nVHs-sets over Z,
the following laws hold.

(1) Morsy, MO((Mons, A)0Myus,, 1)) = (Mors, s DNNvrs,, A)N(Nyys,, 1),

A)N
(2) Mvmsy, M)O(Mousy, A)ONvus,, T)) = (Mors,, A)UNps,, A))ONvus,, 1),
(3) (NVHSNA)ﬁ((NV’H,Sz? ) =
((NVH$1?A)ﬁ(NVH527 )) ((NVH81’ ﬁ(NVHS:wT));

(4) (Moms,, MNU(Myus,, A)N(Nyys;, 1)

)=
)=
(Myuss, 1))
A)
)
(Myasy, M)UNyus,, A)N(Myns,, A)

U(Mvas;; 1))

Proposition 3.16. Let (Nyps,A) be nVHs-set over Z, the  follow-
ing laws hold. 1) (Nyus, A)N(Nyus, A)S = (Panys, A) where (Pan,,,s, A) is null nVHs-set
2) (Nyus, A)UNvus, A)S = (Wan,s, A) where (Upn,,,s, A) is called absolute nVHs-set

Proposition 3.17. Let (Myys,,A) and (Nyys,, A) are two nVHs-sets over Z, the following
laws hold.

1) (Mus,, DN (Nyps,, A))S = (Myps, s A) S UNyps,, A)S
2) (Myrsy, M)UNvrs,, D)) = (NMyns,, M) N(MNys,, A)°

4. Decision Making Technique based on nVHs-set

A decision making nVHs-set based problem is discussed and an approach is made to address

and solve this problem but first of all concept of level soft set is discussed.

Definition 4.1. Let L = {(07, B, *—y)} where @, 3,7 € I and I is set of all close subintervals of
[0,1], @ = [a1, az], B = [ﬁ_l,ﬁ_g] and ¥ = [y1,72], 0 < d@2 + B2 + J2 < 2. The relation Z; on set
L is called partial ordering on L if it satisfies following conditions:

v(@, 8,7), (7, 7,
[y, a] > [, i

a)) €L, (a,8,9) 2 (B,v,w) € L & a > j,8 < v,7 <, which means
] ay > 1 and ao > fio. Similarly ,3_1 <, 5_2 <

Definition 4.2. For a universal set Z, let £ be set of parameters and A C €. F = (NMyys, A)
be nVHs-set over Z. (@, 3,7)—level hypersoft set of f is crisp hypersoft set L(f ; &, 3,7) =
(Nyﬂs(dﬁ’,—y),[\), for &, 3,7 € L and is given by

Mowus a5 (0) = {Mus@) (2) XL (@, 8,7)Vz € Z}

_ {TNWS<9>(,2) > &, Iums (o) (2) < By Fus,,) (2) S 7,V € 2,0 € A}
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The above definition was restated by replacing threshold parameter constant value triplets

by function as thresholds on truth membership, indeterminacy and false membership values.

Definition 4.3. For a universal set Z, let £ be set of parameters and A C E. F = (NMyws, A)
be nVHs-set over Z. Let x : A — I x I x I be nVHs-set where I = [0,1]. On the basis of x,
the level hypersoft set of [ is a crisp hypersoft set L(F,x) = (Myus, A) given by

Monsy(0) = LNyus(0); x(8))
= {Mus@)(2)ZL x(0)Vz € Z}
B {TNV”S(G)(Z) 2 Tx(0), Inyas o) (2) S Ti(0), Fpns o) (2) < Fx(0), V2 € 2,0 € A}

Consider the following example

Example 4.4. For a universal set Z, let £ be set of parameters and A C E. F = (Myws, A)
be nVHs-set over Z. Let avgy : A — I x I x I be nV-set where I = [0, 1] and is given by

1 1
E%g, (0) = @ Z T./\I/:VHS(O)(Z%E]E_(], (0) = @ Z T./\}/?VHS(G)(Z)

z2€Z Z2EZ

1 1
L _ L R _ R
Iavgp (9) - @ Z INVHS(G) (Z)azavgp (9) - @ Z INVHS(G) (Z)

2EZ ZEZ
1 1
L o L R o R
Favgs (0) = Z D Fhins()(2)s Favg, (0) = Z Y Frims@) ()
z2€Z ZEZ

Here nV-set avg is known as avg—threshold of nVHs-set /. L(f ;avgl) = (MynSavgrsA) is

called avg—level hypersoft set of f and can be given as
Morsavgr (0) = LNvus(8); avgy (0)) = {Nvuso(2) R avgr (0)}
= {TNVHS(G) (Z) Z EUQF (9)’INVH5(9) (Z) S IG/UQF (6)7~FNVH5(9) (Z) S Favg,r (9)7 A Z, 0 c A}

Example 4.5. An individual wants to buy a farmhouse from a real estate agent. He can
construct a nVHs-set f = (§,A) according to his preference which describes characteristics
of farmhouse. Let Z = {z1, 29, ..., 25} be the universal set consisting of five farmhouses under
consider-

ation. Let & = {coveredarea = 01, beautiful = 0y, cheap = 03, location = 04, altitude = 05}
be the set of parameters. Let A; be the nonempty subset of £ for each i = 1,2,3 repre-
sent multi attribute set corresponding to each element of £ and A = A; x As x As, where
Ay = {ai1,a12} , Ay = {b11}, A3 = {c11}. Let A = {01,09,05} i.e. we have three criteria for
evaluation where #; stands for price which is low, high, very high, 65 stands for covered area
which is less than 1 sq. mile, between 1 sq. mile to 5 sq. mile, more than 5 sq. miles and 63
stands for location which is sea shore, hilly area, desert.
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TABLE 9. (F,A)

z 6y 02 05

2 < [0.2,0.3];0.2,0.4):[0.8,0.9] > < [0.2,0.5];[0.2,0.5];[0.5,0.8] > < [0.2,0.5];]0.1,0.3];[0.5,0.8
2 < [0.3,0.5);[0.3,0.4):[0.5,0.7] > < [0.1,0.3];[0.2,0.4];[0.7,0.9] > < [0.2,0.4];]0.3,0.4];[0.6,0.8
25 < [0.2,0.6];0.2,0.4):[0.4,0.8] > < [0.4,0.5];[0.2,0.6];[0.5,0.6] > < [0.1,0.3];]0.4,0.8];[0.7,0.9
24 < [0.1,0.7);[0.4,0.6);[0.3,0.9] > < [0.2,0.4];[0.1,0.5];[0.6,0.8] > < [0.2,0.5];]0.3,0.7];[0.5,0.8
25 < [0.1,0.4];[0.4,0.5);[0.6,0.9] > < [0.3,0.6];[0.3,0.7];[0.4,0.7] > < [0.2,0.6];]0.2,0.3];[0.4,0.8

Consider

21/ < [0.2,0.3];]0.2,0.4]; [0.8,0.9] >, 22/ < [0.3,0.5];[0.3,0.4]; [0.5,0.7] >,
F(01) =3 23/ < [0.2,0.6];[0.2,0.4]; [0.4,0.8] >, 24/ < [0.1,0.7];[0.4,0.6]; [0.3,0.9] >,
25/ < [0.1,0.4];[0.4,0.5]; [0.6,0.9] >

21/ < [0.2,0.5];[0.2,0.5); [0.5,0.8] >, 25/ < [0.1,0.3];[0.2,0.4]; [0.7,0.9] >,
§(02) = { 23/ < [0.4,0.5);[0.2,0.6];[0.5,0.6] >, z4/ < [0.2,0.4];0.1,0.5]; [0.6,0.8] >,
25/ < [0.3,0.6];[0.3,0.7];[0.4,0.7] >

21/ < [0.2,0.5];0.1,0.3]; [0.5,0.8] >, 22/ < [0.2,0.4];[0.3,0.4]; [0.6,0.8] >,
F(63) = { 23/ < [0.1,0.3);[0.4,0.8];[0.7,0.9] >, z4/ < [0.2,0.5];]0.3,0.7]; [0.5,0.8] >,
25/ < [0.2,0.6];[0.2,0.3]; [0.4,0.8] >

It can also be written as

21/ < [0.2,0.3];[0.2,0.4]; [0.8,0.9] >, 22/ < [0.3,0.5];[0.3,0.4]; [0.5,0.7] >,

01,4 23/ < [0.2,0.6];[0.2,0.4];[0.4,0.8] >, 24/ < [0.1,0.7];[0.4,0.6]; [0.3,0.9] >,
25/ < [0.1,0.4];[0.4,0.5]; [0.6,0.9] >

21/ < [0.2,0.5];[0.2,0.5]; [0.5,0.8] >, 22/ < [0.1,0.3];[0.2,0.4]; [0.7,0.9] >,

. A) = 02,4 23/ < [0.4,0.5];[0.2,0.6]; [0.5,0.6] >, 24/ < [0.2,0.4];[0.1,0.5];[0.6,0.8] >,
25/ < [0.3,0.6];[0.3,0.7]; [0.4,0.7] >

21/ < [0.2,0.5];[0.1,0.3]; [0.5,0.8] >, 22/ < [0.2,0.4];[0.3,0.4]; [0.6,0.8] >,

0s, { 23/ < [0.1,0.3];[0.4,0.8]; [0.7,0.9] >, 24/ < [0.2,0.5];[0.3,0.7];[0.5,0.8] >,

[ [ [ ]

25/ < [0.2,0.6];[0.2,0.3]; [0.4,0.8] >

MmN ———_—_——

The nVHs-set (§,A) can also be represented in the form of table [9] avg—threshold of

easily be calculated as:

= (§,A) can

< [0.18,0.50]; [0.30, 0.46]; [0.50, 0.72]\ 6; >,
avg(F,A) = { < [0.24,0.46];[0.20,0.67]; [0.54,0.76]\ 65 >,
< [0.18,0.46]; [0.26, 0.50]; [0.54, 0.72]\ 05 >

L(F ,avg), the avg—level hypersoft set of [ = (F,A) can be evaluated as:
Savgy (01) = L(F(61); avgr (61)) = {22, 23}

gang(HQ) = E(g(QQ);ang(GQ)) = {Z?’}

S:avgf (93) = E(S(e?))y ang(93)) = {217 Z5}
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4.1. Level hypersoft set based approach

An algorithm based on nVHs-set is developed for decision making

Algorithm I

> Start
> Input Stage:

——— 1. Consider Z as universe of discourse

2. Consider A as subset of set of parameters

3. Classify parameters into disjoint parametric valued sets A1, As, As, ..., A,
4. A=A x Ay x Ag x ... x A,

> Construction Stage:

5. Construct nVHs-set F = (§,A)

6. Choose threshold value triple (&, 3,7) € L

OR

6. Construct threshold nV-set x : A — I x I x I where I = [0, 1]
OR

6. Choose avg—level decision rule.
> Computation Stage:
7. Compute (&, 3,7)—level hypersoft set L(f,a, 3,7)

OR
7. Compute level hypersoft set L(f,x)

OR
7. Compute avg—level hypersoft set L(f , avg)

> Output Stage:
———8. Present L(f ,a,3,7) or L(F,x) or L(F ,avg) in tabular form.

9. Compute choice value ¢, of z, for any z, € Z

10. Select 2y, if ¢, = max, cz(cp).

11. Choose any value z,, if m has more than one values
> End

Example 4.6. Let F = (§,A) is nVHs-set as discussed in example and demonstrated in
table @ By avg—level rule, L((F, A); avg) is obtained which is demonstrated in table The
elements of table [10| are represented by zp, = 1 if 2, € Faug F(Oq), otherwise zp, = 0.
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Consideration of Consideration of Set of
Universzl Sat Parameters

Petitioning of Each
Attribute into Attribute-
walued Disjoint Sets

Irgll
== =
Cartesian Product of Disjoint
Attribute-Valued Sets

JL

Construction of

nWHs-Set

Computation .
Present hypersoft
P

set in tabular form

1

Compute choice
value ¢, foreach gz

Select z_ for Choosez_ ifm
optimal

decision

has more than
1 values

FicUrRE 1. Algorithm I : Optimal Selection of material for manufacturing of
Surgical Masks

TABLE 10. L((§,A); avg) with choice vales

Z 01 ) 03 choice value
21 0 0 1 1
22 1 0 0 1
23 1 1 0 2
24 0 0 0 0
s 0 0 1 1
5
Choice value can be obtained by ¢, = > zpgie. c1 =1, c0=1,c3 =2, c4s =0and c5 =1
q=1

Farmhouse z3 is selected as c3 = max,,ez(cp)

5. Comparison Analysis

Different decision making approaches have already been discussed in literature [12,|13}/17,
22,23] that were based on hybridized structures of fuzzy set, intuitionistic fuzzy soft set and
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TABLE 11. The advantage of the proposed study

Sr. No. Author Structure Multi-argument
approximate function

1 Smarandache [9] Neutrosophic set Insufficient

2 Molodtsov [10] Soft set Insufficient

3 Xu et al. [16] Vague soft set Insufficient

4 Alhazaymeh et al. [17] Generalized vague soft set Insufficient

5 Maji et al. [20] Neutrosophic soft set Insufficient

6 Alhazaymeh et al. [23] Interval valued vague soft set Insufficient

7 Alkhazaleh [34] Neutrosophic vague set Insufficient

8 Al Quran et al. [35] Neutrosophic vague soft set Insufficient

9 Smarandache [36] Hypersoft set Insufficient

10 Proposed Structure Neutrosophic vague hypersoft set  Sufficient

neutrosophic set. Decision making is greatly affected due to many factors where attributes are
not further classified into their disjoint attributive valued sets. The above mentioned existing
decision making models are insufficient either for vague soft sets or for multi-argument approx-
imate function but in proposed model, the inadequacies of these models have been addressed.
The consideration of neutrosophic vague hypersoft set will make the decision making process

more reliable and trust-worthy.

6. Discussion and Merits

In this section some merits of proposed structure are discussed:
The introduced approach took the significance of the idea of nVHs-set to deal with current
decision making issues. The presented idea enables the researchers to deal with real-world
scenario where problems involving indeterminacy and vagueness needs more attention. The
core idea in this association has tremendous potential in the genuine depiction inside the
space of computational incursions. As the proposed structure emphasizes on in-depth study of
attributes (i.e. further partitioning of attributes) rather than focussing on attributes merely
therefore it makes the decision-making process better, flexible and more reliable. It covers
the characteristics and properties of the existing relevant structures i.e. fuzzy set, soft set,
fuzzy soft set, intuitionistic fuzzy set, neutrosophic set, vague set, vague soft set, hypersoft set,
neutrosophic vague soft set etc., so one can call it the generalized form of all these structures.

The advantage of the proposed study can easily be judged from the table

7. Conclusion

The summary of the proposed study is highlighted as:
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(1) The relevant literature on fuzzy set, neutrosophic set, soft set, vague set and hypersoft
set has been reviewed to support the main results.

(2) Some axiomatic and algebraic properties, set-theoretic operations and laws of nVHs-set
have been investigated and explained with the help of illustrative examples.

(3) An algorithm based on set-theoretic operational concept of nVHs-set has been proposed
to asses the role of proposed model in real-world decision-making scenario.

(4) A real-world decision-making application has been discussed by implementing the steps
of proposed algorithm which opted the best farmhouse from real estate dealer.

(5) The advantageous aspects of the proposed model have been judged by comparing it
with most relevant existing models.

(6) Many other real-world decision-making problems can be resolved with the help of the

proposed algorithm.
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