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Abstract

When compared to its extension, hypersoft set, a soft set only deals with a single set of attributes, while a
hypersoft set deals with several attribute-valued disjoint sets that correspond to various attributes. Several re-
searchers have developed models based on soft sets, but the majority of these models suffer from limitations
since they are inappropriate for interval-type data or uncertain data. In order to address these issues, a novel
model interval-valued fuzzy hypersoft set (IV F'H S-set) is presented in this research article. This model not
only resolves the inadequacy of soft set for distinct attributes for non-overlapping attribute-valued sets, but
also addresses the limitations of soft set-like models with having data in interval environment. This work
modifies the current fuzzy hypersoft set concept and introduces certain fundamental ideas, such as subset, not
set, whole set, and absolute relative null set, relative absolute set and aggregation operations e.g. intersection,
union, extended intersection, restricted union, complement, OR, AND, difference, restricted difference are
discussed under IV F'H S-set environment with illustrated examples. Some new hybrids of fuzzy hypersoft
set under interval-valued settings are also discussed. Moreover, some extensions of IV F'H S-set are presented
along with different operations.

Keywords: interval-valued fuzzy set; interval-valued fuzzy soft set; hypersoft set; set-theoretic operations.

1 introduction

Numerous intricate problems containing diverse uncertainties are addressed mathematically by the theory of
fuzzy sets, the theory of probability and interval mathematics. These theories are used in a variety of math-
ematical areas. These theories’ inherent complexities which prevent them from successfully resolving these
issues. These difficulties may be caused by the parametrization tool’s shortcomings. For dealing with uncer-
tainties, a mathematical instrument that is free of these obstructions is required. To cope with uncertainties
and ambiguity in data, fuzzy soft set (£ S-set)! as a mixed variant of fuzzy set (F' -set)? and soft set (S-set)?
is regarded viable model. The F'-set uses a membership function to give each component of the sample uni-
verse a fuzzy value between 0 and 1. In order to offer the F-set a parametrization tool, the F'S-set ties an
approximation function to each member of the set of parameters, allowing for the parameterization of each
member with a fuzzy membership grade. Rahman et al 4 revised the conventional concept of convexity and
concavity in the context of the S-set, F'S-set and refined intuitionistic fuzzy set (RIF'S). Yang et al” envi-
sioned an interval-valued fuzzy soft set (I V F'S-set) to handle the uncertain data in interval form by merging
the interval-valued fuzzy set (IV F-set)® and S-set. Researchers”''* made marvelous contributions concerning
real-world applications of IV F'S-sets. The similarity measure, entropy measure and inclusion measure along
with distance measure of the IV F S-set were devised by Xindong and Yong % Intuitionistic fuzzy set I F-set!®
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and neutrosophic set N-set'” included non-membership and Neutral degree to extend the idea of F-set where
as picture fuzzy set PF S8 applied condition on sum of positive, negative and neutral degree to remain with
inoto 1.

In S-set-like models, a single set of parameters is used to cope with the ambiguous and uncertain character
of the data, however there are some circumstances in which the chosen parameters are insufficient to address
decision-making issues. It is important to further categorise these parameters into the proper subclasses. The
concept of the hypersoft set (HS-set) was devised by Smarandache as an enhancement of the S-set since
the S-set literature is insufficient to handle such situations. In order to improve the performance of S-set,
it employs a brand-new mapping approach called multi-argument approximation mapping (M A A-mapping).
The domain and codomain of this mapping are assumed to be parametric tuples and the universe’s power set,
respectively. In this sense, it is accurate to argue that H S-set is more adaptable and trustworthy than S-set.
Saeed et al’) and Abbas et al2!' not only provided the fundamentals of the H S-set but also covered its charac-
teristics and operations with the aid of several examples to assure its usage in addressing real-world problems.
In the context of the H S-set, Rahman et al’** modified the traditional idea of convexity and concavity. The
concept of rough H S-set was initiated by?® along with some of its operational aspects in order to handle the
roughness of the data. Kamact** created expert systems for H S-set environments to handle circumstances
requiring the multiple-decisional opinions of experts in decision-making systems. The idea was expanded by
Martin & Smarandache®? to include a plithogenic H S-set with its graphical version.

The fuzzy hypersoft set (' H S-set), a combination of the H S-set and the F'-set, was developed by Yolcu and
Oztiirk?® and its numerous fundamental operational properties were examined. Real-world decision-making
issues were addressed by Arshad et al’*” using distance measure of F'H S-set. Rahman et al*¥ investigated
the parametrization of the fuzzy hypersoft set (F'H S-set) and analysed various of its practical results. Au-
thors®*32 developed several modifications in neutrosophic H S-set. Some fundamental concepts, including
set theoretic operations, properties, laws as well as hybrids of IV F'H S-sets are conceptualised in this work
within the context of a hypersoft set in interval-value fuzzy environment. Recently Smarandache®*** devel-
oped new structures IndetermSoft set and IndetermHyperSoft set. He discussed the nature of product used in
these structures and discussed its practical applications. Moreover, TreeSoftSet is developed as an extension
of MultiSoftSet.

The remaining article is organised as follows: Section 2 provides some basic notions of HS-set and F'HS-
set. Some fundamental properties of IV F H S-set are presented in Section 3. The set theoretic operations of
IV F H S-sets are described in Section 4. Some fundamental results, characteristics, and laws on IV F'H S-sets
are provided in Section 5. Section 6 offers several hybrid of IV F'H S-sets, and section 7 concludes the paper.

2 Preliminaries

Let U, P(V) and C(V), represent the domain of discourse, the gathering of all U subsets, and the collection
of all F-sets of U, respectively. E be the set of attributes. Let collection of all sub intervals of I = [0,1] be
represented by C (I).

Definition 2.1. 2 A F-set over U is described by a membership function fr, where fr : U — I is given by

fr(2) ={(z, fr(2))|z € U},
this gives each z € U a real value inside I and fr(z) is the membership rating of z € U.

Definition 2.2. ® An IV F-set M over U is specified by a function Jy; : U — C(I) where J3/(z),2 € U
is an interval [6,0],0 < § < o < 1, § and o denote lower and upper membership-rating of an individual
respectively.

As an instance, assume the interval-valued fuzzy number (IV F-number) 7 = [§, o]. The whole collection of
IV F-numbers T = [§, o] over U is symbolized by I'(U).

Definition 2.3. ' A soft set Sg over U is given by f g, : B/ — P(U) where E' C E and

Ss(¢) = {(CvF(S,E)(g)) 1 (€ E'}.
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Definition 2.4. ' A fuzzy soft set (F'S-set) over U denoted by Fy is described as Ar, : E/ — C(U) and is
stated as Fs(¢) = {(¢,Ars(€): C € E'} ,Aps(¢) € C(U) for E' C E, Ap, = pfor ¢ ¢ E' and

Ars,, ()= {Cany /717 € VLA, () €T},

for all ¢ € E’ is a F-set over U, where the approximation function of Fs is a F-set Ap,(2) such that, if
Are (€)= ¢ then (C, A, () & Fs,..

Definition 2.5. ! The interval-valued fuzzy soft set (IV F'S-set) over U denoted by (is, E) and described by
Ls:E— P (@)
The IV F'S-set: a parameterized collection of IV F-subsets of U is stated as

Ls(¢) = {< T, FLES(C)(T) > 7€, (e E},

such that Lg(¢) denotes IV F membership-grading of 7 € U, ¢ € E. Lg(¢) reduces to F-set if x>

N LS(C)(T) -
HES(C)(T)VT €y, kE.

Definition 2.6. 7 The compliment (Ls, E)¢ = (Lg, E) of IVFS-set (Ls, E) is defined as
[¢ =1 -kt — kT
LS(C) - [1 KILg(()(T)’ 1 K;LS(C)(T)]’

forallT € U,( € E.

Definition 2.7. ™ The entity (Hg,d) defined by Hg : 3 — P(U) is known as hypersoft set (H S-set) over
W where 01,02, ..., 0, are disjoint attribute valued sets corresponding to attributes €1, €o,....,€, € E and
0 = 01 X 02 X ... X 0, be the Cartesian product of disjoint attribute valued sets.

Example 2.8. Suppose that Mr. Z is interested to purchase a laptop from market. There are five kinds of
laptops which form the universal set L = {1, {s, {3, {4, 5 }. The attributes which are considered in the selec-
tion of laptop are discussed hereafter. 4, = Company, 4> =Processor, &3 =RAM, 4, =Hard drive, &5 =Price
range. The attributive valued sets corresponding to these attributes are:

Ay, = { HP, Apple } = {4,142 }, corresponds to attribute ;.

Ay = { 2.4GHz, 3.4 GHz } = {421,82, }, corresponds to attribute 4.

As = { 4GB,8GB } = {431,332 }, corresponds to attribute 4s.

A, ={320GB, 1 TB } = {441,442 }, corresponds to attribute .

As = { up to 1200 US dollars } = {45; } corresponds to attribute &s.

A:Al XAQ XAg XA4 XA5

A={7,7,73,....,716 },eacht; : i = 1,2, ...,16 is a five tuple element.

The HS-set (Hg,d) is given as

(Tla {£17€2}> ) (TQ7 {617&’)}) ) (7—37 {£27€4}) ) (747 {£17€2a€5}) )
(]f] 8) — (7—5’ {62’64}) ) (7—6’ {61’62?65}) ) (7—7’ {£4’£5}) ) (7—87 {617627647&5}) )
o (10, {€1,€3,05}) , (T10, {44, 5}) , (111, {42, C5}) , (T12, {44, L5 })
(113, {2, 03, €a, U5 }) , (T1a, {1, U5 }) , (15, {€s, £a, €5 }) , (16, {1, b2, U3, £a})

The element (7, {¢1, £5}) of HS-set (Hyg, d) represents that there are two laptops £, and /5 available in market
having the following specifications;

1. Company "HP”

Processor of 2.4 GHz,

Random Access Memory (RAM) of 4 GB,
Hard drive of capacity 320 GB,

A

Price range upto 1200 US Dollars.
Similarly, the element (716, {¢1, {2, {3, £4}) of HS-set (Hs, 0) represents that there are four laptops ¢1, {2, {3
and /4 available in market having the following specifications;
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1. Company ”Apple”

2. Processor of 3.4 GHz,

3. Random Access Memory (RAM) of 8 GB,
4. Hard drive of capacity 1 TB,

5. Price range upto 1200 US Dollars.

Definition 2.9. ™ Let 81, 32, ..., 0,, be attribute valued sets corresponding to attributes €1, €2, ..., €, € € such
that forp,q = 1,2,...,n,p # ¢,0,NJ, = ¢, then (Lryg, 0), the pair set over U is said to be fuzzy hypersoft
set (F'H S-set) and is given by

(Lris,0) = { (s, Lrns(s)) : s €0, Lrns(s) € CW) },

where Lzg : 0 — C(U) and C(U) be collection of all F-sets over U with
¢€0=0] X 09 X .. X0, and, E(g) = {ni(<)(z)/z 1z €U K € I} is a F'-set over U.

Example 2.10. Consider the Example The FHS-set (Lpps, 0) over U is given as
(LFHS7 8) =

<T1, {0'1/6170'5/82}) , (72, {0'2/61’0'7/63}) 7 (Tg7 {0'3/6270'5/64}) 7 (74, {0.7/6170.3/52’0.2/55}) 7
s, 0.1/62’0.5/64}) 7 (7_67 {0'2/6170'6/62’0'3/55}) 7 (7_77 {0‘2/6470'1/55} ,
T8, 0.1/181,0.2/6270.4/&’0.6/@5}) : (797 {0'3/6170'1/63’0'3/65}) : (Tm, 0.5/64,0.2/&}) ’
_ {0.3/6270.6/65 ) 7 (m, {0.4/64’0.7/65» N rs, 0.3/6270.1/6370.6/&’0.4/65}) 7

(m, {0.4/61’ 0.2/65} 7 (715, {0.1/63, 0.6/&170.4/65 ) s, {0'5/417 0'2/52, 0'3/43,0'7/44})

The element (7-1, {O-I/E 1 0'5/62 }) of FHS-set (Hg,d) represents that there are two laptops ¢; and /5 avail-

able in market having the specifications as described in Example[2.8] The availability of ¢; is 0.1 or 10 % and
availability of £ is 0.5 or 50 %.

3 Interval-valued fuzzy hypersoft set (/V F'H S-set)

In this section, IV F'H S-set as well as some of its basic notions are illustrated with suitable examples.

Definition 3.1. 21 etd,,0s, ..., 0, are attribute valued sets corresponding to attributes €1, €, ..., €, € &, then
(Lrvrus,0), the pair set over U is said to be IV F H S-set over U and is defined as follow:

(iLrvrus,d) = {(QEIVFHS(C)) ¢ €9, Livrus(s) € C(U)} ;

such that Ly g : 0 — C(v), C (V) denotes the family of all IV F-sets over U, ¢ € 0 = 91 X 02 X ... X Op,
and L(¢) = {Ki,(g)(z)/z 12 €U Kp g € C(I)} is IV F-set over U.

Example 3.2. Consider the Example The IV F HS-set (f/ IVFHS,0) over U is given as
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(Livrns,d) =
(r {l01,02);, 03,05), ) ) 0204]/2 03,07, 1)

o, (103,04, 0.2,0.5) (104,07, 03, 05]/12 06 0],
[0.1,03] [0205@ . {10:2,06), [04,0.6), [0.5,06] ;
0.2,04), [0.6,07)), o2, 04]/£ 02,03), 04,05), [03,06), 1),
0.2, 03]/£ 0.0,0.5), [03 | 07{[0.5,0.6}/64,[02 0. ]/65})7

1, {108,038}, (04,06, 1 (12’ 02 04),. 05,07, 1),

11, 110.3,0. 6]/ 0.0,0.4]), "[0.2.0.6), 0.4,0.7);,

r, {0405, 02, 03]/&}) (ris. {101,040, [06 08), 104,07, 1),

6, 105,07}, 02,04, 03,06}, [0.4,08), 1)

The element (7‘1, {[0'17 0'2}/&, (03, 0-5]/g2}) of IVFHS-set (IVFHSg,d) represents that there are two

laptops ¢; and /- available in market having the specifications as described in Example The availability
of /1 is 0.1 to 0.2 i.e. 10 % to 20% which means all lower values are greater than or equal to 10 % and all
upper values are less than or equal to 20 %. Similarly the availability of £5 is 0.3 to 0.5 i.e. 30 % to 50% which
means all lower values are greater than or equal to 30 % and all upper values are less than or equal to 50 %.

Definition 3.3. Let (L'#,,01) and (L' g1, Dy), are two IV F H S-sets over U written as
(L' my,01), (L' 1y, 02) € €1, 5)(the collection of IV FH S-sets). (L'p,,01) is known as

IV FHS-subset of (L', J2) denoted by (L'g,,d1) C (L'p,,ds) if

1.9, €
2. Vted, L'y, (HC L' g, ().

Example 3.4. Consider the Example[2.8]
If (L',,01) =

{(n, {[0'1’0'2]/51}) , (72, {[0.4,0.5]/&}) ’ (74, {[0.4,0.6]/&7 [0.3,0.4]/&})}

and (f/Hz, 52) =

- [0'1’0'4]/51’[0'3’0'5]/42 Nes [0.2,0.4]/61,[0.3,0.7]/53})
s, [0'3’0'4]/527[0'2’0‘5]/54 NEn [0'4’0'7]/£1v[0'3’0’5]/627[0'1’0'2]/65})

then (L' gr,,01) C (L' br,,02)

Definition 3.5. A set N = N; X Ny X ... X N, in [VFHS-set (f/H,ﬁ) is known as Not set if it has a
representation as
o« N = {o¢ 7, o, .o, OC T }

where h = [] |N,| and each o< 7, p € {1, 2, ..., h} is a Not n-tuple element.
p=1

Example 3.6. Consider the Example[2.8] Take sets N1, N2, N3, N4, N5, we have
oC N = {O( T1, X T2, ..., X T16}
where each o« 7,,,p € {1,2,...,16} is a Not set 5-tuple element.

Definition 3.7. An [V F'HS-set (E’H, 01) is relative null IV F H S-set w.r.t J, represented as (E’H, 01) o, if
L/H(T) = VT € 01.
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Example 3.8. Consider the Example [2.8] if
(E/H; 61)@’ = {(Tlv (10)7 (7-27 @)a (7-37 L)0)}
where 01 € 0.

Definition 3.9. An IV FHS-set (f/ 1,01) is relative whole IV FHS-set wrt 3; C E, represented as
(L/H,61)3, ifL/H(T) =UVT € 0.

Example 3.10. Consider the Example 28] if
(E/H7 61)@ = {(Tla Ll—U)7 (7-27 Ll—'U)a (7—37 @)}
where 01 € 0.

Definition 3.11. An [V F'H S-set (L' 7, 9) is absolute whole IV F H S-set over F, represented as (L', )3,
if L'y (1) =UVT €0.

Example 3.12. Consider the Example 28] if

(7152)7(7-272)7(7-37 )7(7-47 )a
(I:,H 6)@ _ (7—57Z)a(7-672)7(7-77 ) (TSa )a
’ (Tgaz)a(Tlan)a(Tllvz) (7-127Z)7
(7_1372)7(7_147Z)7(7—157Z)a(7—1632)
Proposition 3.13. (L'p,,01), (L' #1,,02), (L' 11, 03) € €11, ) With 01,05,05 C 0, then

1. (L'y,,01) C (L'p,, 01)u

2. (L'ay,00)0 C (L5, 01)

3. (L'y,,01) € (L', 1)

4. (L1, 01) € (L'1r,,02) and (L' 11,,02) € (L' 11y, 03), then (L1, 01) € (L', 0s)

5. (L'w,,01) = (L' 1z, 02) and (L'11,,02) = (L' 1z, 03), then (L'jr,,01) = (L', 0)
Definition 3.14. The compliment (Lry pps,0)¢ of IVFHS-set (Lrvpps,0) is given by

(Livrms, )¢ = (LSy pyg, d) and is defined as
Liyrus(0) =1 —x7 (1), 1—

Livrus(6)

(7)),

Livrus(0)
forall T € U, € 0.

Example 3.15. Consider the Example The compliment (i 1vFHS,0)¢ of IVFHS-set
(L1vFrms,0) over Uis given as

(Livrmus,0)¢ =

, {08,09), 0507/6 , 0608/6 03,07,
[06,0.7), 05, 08/6 , {103,06), 05,0.7), [08 0.9]),.
(0.7,0.9), 05,0.8)), 5,10-4,08), 04,06, [05,0.7),
rr, {[06,0.8), 03,0.4), . Jl06,0. 9]/517 0.7,0.8), 05,06, [0 4 0.7), })
[0.7,0. 8]/6 05,09, 10. 3 {[0‘4’0'5% [0.6,0.8]/65}> ,
iy, {105,07), 04,06, 5}) ( {06 08]/6 03,0.5)), })
s, {[04,0. 7]/ 06,09, 0.4,08), [0.3,0.6]), })
14, {0.5,06);, (0.7, ()8]/&}) 06,09, 02 04]/647[0.3,0.6]/65})’
ri6,{103,05), 06,0.8), 04, 07}/53»[03 06]/64})
Proposition 3.16. (L'j;,d) € Clir o) then

1. (Livrwus,d)°)° = (Livrus,d)
2. (Lrvrus,9)s)¢ = (Lrvrus,0)u
3. (Lrvrms, 0)w)® = (Livrus,d)s
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4 Set Theoretic operations on /V F'H S-set

The purpose of this portion of the study is to describe some new IV F'HS — set operations.

Definition 4.1. The union of two IV F'H S-sets (L' 7,,91) and (L' 7,, 33) denoted by (L' 77, ,d1)
isan IVFHS-set (L' p,, 03) with 33

where L/ 7, (1) U

L/Hs (T) =

Ele (T) =

= 07 U 0y and is defined as

IZ/H] (7’) T E 61\52
I:/Hz(T) : T~€ 62\61
L/HI(T)UL/HZ(T) 7 €01 N0y

!

L (f/HZ,ag)

{(T, {max (KlilHl n(2), K1 g, (T)(z)) , max (“uE’Hl " (2); Rl (T)<Z))D Vz € Z}.

Example 4.2. Consider two IV FHS-sets (L'g,,0;) and (L'p,,d2) € Ciirpo

Example [2.8]such that
(L'w,,01) =
(ﬁ, {[0.5,0.6]/51,[0.3,0.5]/62} 7(74 {[0.4,0.5]/61, [0.3,0.5]/&’ [0'1’0'4]/£5 ,
7. {01, 0.3]/22’ 0.2, 0.3]/64 0.2, 0.6]/617 0.4, 0.8]/62’ 0.3, 0.5]/£5 ’
03,0.4), 06,0.7], o, {102,0.3), 04,0.5], (03,0.7], 1),

11, {10:3,0. 6]/ [0.4,0.6], }) {[0 2 04]/£ [0.6,0.7]/55}),
15, {10:3,0. 6]/ [0.3,0. 4]/ 0.2,0. 6]/€ 0.4, 0. 7%
714, §104,0.5), » 0.2, 0. 5]/€ }) {[0 1,0. 4]/23 [0. 6 0. 8]/64’ [0.5,0.7]/&}) ,
16, £10.5,0. 7]/6 0.2, 04]/ 0.4, 06]/€ 0.4, 07]/€ })

(L' 11,,02) =
(n {[0.3,0.5]/51’ [0'1’0'3]/52}> : (72 {[0.6,0.7]/617 [0.2,0‘4]/63
T, [0.3,0.4]/427 [0.370.6]/64 Nen [0.170.2]/&7 [0.470.5}/&7 [0.6,0.8%5
T, [0.3,0.4]/&7 [0.3,0.7]/(4 Nes [0'4’0'7]/&7 [0.2,0.3}/52, [0.2,0.6]/65
., [0.7,0.8]/&17 [0.3,0.5]/€5 7o, [0.6,0.9]@17 [0.4,0.5}/537 [0.5,0.8]/65
i1, [0.4,0.5}/62,[0.1,0.3]/6 {[0'4’0‘7% [0'2’0'5]/45})7
s, [0.4,0.6]/62, [0.3,0. 5]/ [0. 4 0. 5]/6 [0.2,0. 3]/£ })
14, {107, 0.8}/61, [0.4,0. 6]/&})
e, [0.1,0.3}/61, [0.2,0. 4]/ [0.4,0. 7]/5 [0.3,0. 7]/&})
Then (L'y,,d1) U (L'g,,d2) =
(717 {[0.570.6]/121, [0.3, 0.5]/€2 7 (T% {[0.6, 0'7]/&7 [0.2, 0.4]/£3
T, [0.3,0.4]/&’ [0.3,0.6]/&1 (7, [0.4,0.5]/517 [0.4,0.5]/&7 [0.6,0.8]/(5
7, [0.3,0.4]/52’ [0.3,0.7]/54 (7, [0'4’0'7]/1217 [0.4,0.8]/627 [0.3,0.6]@5
. [().7,0.8]/€ [0.6,0.7]/85 (7o, [0.6,0.9]/617 [0'4’0‘5]/537 [0.5,0.8]/65
11, {104,0. 6]/ 0. 470.6]/€ }) {[0.4,0.7]/£ [0.6,0.7]/45})’
1, {104,0. 6]/ 0.3,0. 5}/ [0.4, 06}/6 [0.4, 07]/6 })
14, {10.7,0. 8]/ 0.4,0. 6}/55}) {[0 1,0. 4]/63’ [0.6,0. 8]/847 0.5, 0.7]/65}> ’
116, {10:5,0. 7]/ 0.2,0. 4}/ [0.4,0. 7}/63’ [0.4, 0'7]/124})
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Definition 4.3. The restricted union of two IV F H S-sets (L' g7,,01) and (L' gr,, 82) denoted by (L' r,,01)Ug
(L'y,,02)is an IVFHS-set (L' f1,,03) with 93 = 01 N J2 and is defined as

L', (1) = {E/Hl(T) UL g,(1): 7 €8, ﬂfig},
where L/ 7, (1) U L' g1, (1) =
{ (Ta |:maX ('%ZI:’H1 () (Z)’ HIE’HQ (1) (Z)) , Max (Kuf/Hl (1) (Z)’ Hu[:’HQ () (Z))j|) Yz € Z}
Example 4.4. Consider two [V FH S-sets (L' 7,,91) and (L'f7,,05) € Ciry o) With
01,09 C Jasin Example Then (I:’HB, 03) =
<T1, {[0.5, 0.6, 03, 0‘5]/52} , <T4, {[0.4, 0.5, 04,05, [0.6,0.8]/55})
75, 103,04, 10.3,07), 1) '(, £104,0.7), [04,0.8), [03, 0'6]/55%; 7

-, {0.7,08), [06,0.7), 1) (7, {[06,0.9), [04,05), [0508),
0.4,0.6)

_—l }62, [0.4,0.6]/€ }) ( {[0.4,0.7]@ [0.6,0.7]/55}) ’
. 4,0.6}/62’ [0.3,0. 5]/ [0.4,0. 6]/€ [0.4,0. 7]/£ })
. 7,0.8}/&, [0.4, 0. 6]/€ })

16, {0 5,0.7}/61, [0.2,0. 4]/ [0.4,0. 7]/&’ [0.4, 0.7]/&})

Definition 4.5. The intersection of two IV F'H S-sets (L'r,,01) and (L' pz,, D) denoted by
(L'g,,01) M (L' gr,,02) is an IV FHS-set (L' g, 03) with 3 = 91 N 03 and is defined as

Lty (r) = { D, (D) N Dy (7) 7 €81082
where L' g7, (1) N L' g, (1) =
{(T, [min (/@151(7)(2), /@132(7)(,2)) ,min (/@ual(T)(z), mu52(7)(z))]) Vz € Z}.

Example 4.6. Consider two IV FHS-sets (L'z,,9,) and (L'f7,,02) € Ciry,5) With 01,02 C 0 as in
Example Then (L' g, 01) M (L' 11, 92) =

(n, {[0.3, 0.5]/617 0.1, 0.3]/62} , (74, {[0.1, 0.2]/&7 0.3, 0.5]/627 [0.170.4]/65
0.1, 0.3]/&7 0.2, 0.3]/64 (7, {102, 0.6]/&7 0.2, 0.3}/52, [0.2, 0.5}/65
0.3, 0.4]/547 0.3, 0.5]/65 (7o, {02, 0.3]/% (0.4, 0.5}/537 [0.3, 0.7}/65
[0.3,0.5}/62, [0.1,0.3]@ }) ( {[0'2’0’4]/£ [0.270.5]/65})7

[0.3,0.6]/62’ [0.3,0. 4]/ [0.2,0. 5]/6 [0.2,0. 3]/£ })

[0.4, 0.5}/61, [0.2,0. 5]/&})

[0.1,0.3}/61,[0.2,04]/ [0.4, 06]/£ [0.3, 07]/64})

T16,

Definition 4.7. The extended intersection of two IV F H S-sets (f/ H,,01)and (f/ H,, 02) denoted by (i’ H,,01)NE

(ﬁ’H2,52) isan IV F HS-set (L~’H37 03) with 3 = 0; U 07 and is defined as
~ EHl(T)ST€E§1\52
L'y (1) = L'py(7) : 7 € 02\0y ;
L (T)ﬁLHz() T € 01 N0y

where L', (1) N L' g, (1) =
{(7‘, [min (Iﬁ:ml(ﬂ (Z), K15, (T) (Z)) ,min (I‘&u51(7.)(z), ﬂuﬁg(r)(z))]) Vz € Z}

Example 4.8. Consider two IV FHS-sets (L's,,01) and (L'f,,d2) € C(fry,5) With 01,02 € 0 as in

https://doi.org/10.54216/1JNS.200209 142
Received: July 18, 2022 Accepted: January 07, 2023



International Journal of Neutrosophic Science (IJNS) Vol. 20, No. 02, PP. 135-161, 2023

Example Then (L' g,,d1) Mg (E’Hz,ég) =

(717{[0305]/6 0103/£ 060% 02,04),
ry, {103,044, O306/€ 4, {101,0.2], [0.3,05), [0104]/6
75, {10.1,03), 02,0.3), 02,0.6), [02,0.3, [0.2,05], 1),
rr, { (03,04, (03,05, 02,03)), (04,05, (03,07, 1),
ry, {103,035, (01, 03/&} 02 0.4, [0:2 05]/&)})’
71, {10:3,0.6), [03 0.4];, 02, 05/€ 02,08);,
1, {104,0. 5]/ [0.2,0. 5}/55}) (715,{ 0.1,0.4), [0 6 0.8}, [0.5,0.7]/65})7
rie, {101,03), 02,04], 04,06, [0:3,0.7);, })

Definition 4.9. The addition of two IV F H S-sets (L' 7,,01) and (L' 1,,02) € C (1, ) denoted by (L', , 01)H
(f/H2 ,02) is an IV F H S-set with 03 = 01 U 0 and is defined as

N L'y, (1) : 7 €01\02
LIHg(T):{ LH2(T) 7662\61 }7
L (T)EBL’HQ( ) T €01 N0

where L' g, (1) @ L'y, (1) =

o | T @B g, 0 B = R, o R, o @ L
K;uf/Hl () (2) + HuE’Hz () (Z) - ’%uf/Hl (1) (Z)’K; "Hy (T) (Z)

Example 4.10. Consider two [V FHS-sets (L'j;,,0;) and (L'f7,,33) € C(frpy,5) With 01,02 C O as in
Example Then (L' g,,d1) B (L' g, 32) =
{[0 65,0.80]), [0.37, 065/€ 060 0.70}, 0.20,0.40},

s, {030,040, [0.30,0. 6o/£ § ,, {[046,0.60]), [0.58,0.75];, [o 64,0.88]),

s, {1037,0.58), [0.44,0.79)) 0.52,0.88);, [0.52,0.86], [0.44,0.80);,

rr, {079,088, [0.72,0.85]), 0.68,0.98);, [0.64,0.75], [0.65,0.94)

riy, {[0:58,0.80), [0.46, 072/&} oo, 052 0.82)), [0.68,0.85]), })

riy, {058,084, 051,070, 0.52,0. so/z 0.52,0.79,

rug, {082,090, [0.52,0. 80]/65}) ( { 0.10,0.40;, (060,080}, [0.50,0. 70}/55}) 7

rig, {10-55,0.79);, [0.36,0.64], 0.64,088), [0.58,0. 9”/54})

Definition 4.11. The multiplication of two IV F H S-sets (L' yr,,81) and (L', ,d2) denoted by (L' ,,8;) K
(L'y,,02) is an IV F HS-set with 93 = 07 U 0, and is defined as

R f/H (7’):7’681\52
L/HS(T): L/HQ(T) 7662\51 >
L (T)®LH2() T €01 N0y

where L', (1) @ L' 1, (1) =
{(T, |:K/ZEIH1 (T)(z)nlE,Hz n(2), Ry, (T)(z)/iuL-,H1 (T)(Z)DVZ € Z} .

Example 4.12. Consider two IV FHS-sets (L'p,,d;) and (L'p,,d5) € C(frpy,5) With 01,02 C O as in
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Example 4.2l Then (L', 0,) X (L', , 62) =
( {[0 15,030, [0.03,0. 15/4

75, {10:30,040), [0.30 06%
75, {10.03,012);, 10.06,0.21);,

T4, [0.21,0. 32]/6 [0.18, 0. 35/€

0 60,0.70), ,[0-20,0.40),

0.04,0.10), 012,0.25)), [o 06,0.32)),

0.08,0.42)), 0.08,0.24), [0.06,0.30],

012,0.27), 016,0.25)), [0-15,0.56],
0 08,0.28)), [0-12,0.35]), })

15, {0-10,0.40), [0.60,0.80), [0.50,0.70, 1)

iy, {1012,0.30);,_ 0.04,0. 18/&3}

i3, {10-12,0.36], [0.09,0.20), 0.08, 0 30]/€ 0.08,0.21),
r14,{10:28,0.40);, [0.08,0. 30]/65})

16, {10:05,021);, 0.04,0.16), '[0.16, 0 42)), 012,0. 49]/64})

)

Definition 4.13. Partial membership of IV FHS-set (L' g, ,d1) denoted by [I(L' g7, , 1)

isan IV F H S-set and is defined as

O(L' #,,01) = {@E'Hl(T) T E 51},

where O L'y, (1) = {(7‘, |:KJZE'H1 (T)(z), 1-— RUL g, (T)(Z)D Vz € Z}.

Example 4.14. Consider IV FH S-set (L' 7,,d;) € C(iryy,5) With 01 C D as in Examplegiven by,

(L', 01) =
(ﬁ’{[m 0.2]/€ 0.3, 0'4]/@})’(72 [0.2,0.4]/617[0.3,0.7]/63
74, {103, 04]/ [0. 2,0.6]/64 N, [0.4,0.7]/61’[0.3,0.8]/62’[0.1,02]/
., {001, 03]/ [0. 270.4%4 s [0.2,0.6}/&7[0.4,0.6]/62,[0.3,06]/
7. {102, 04]/ [0. 6,0.7]@5 Nes
70, {10:2, 03]/£ [0. 1,0.2}/53,[0.3,0.7}/65
1. 4003, 09]/&’[().4,0.(3]/65 )7(7127 [0.270.4}/&17[0.6,0.7}/65
s, [0.3,0.6]/627 [0'1’0'4]/@’ [0.2,0.6]/&1’ [0.4,0.7]/&}) 7 (7147 {[0.4,0.6]/61, [0.2,0.3]/65}) 7
s, 4101, 0.4]/53’ [0.6, 0.8]/64’ (0.4, 0'7]/125})
16,4 0.6, 0.7]/61’ 0.2, 0'4]/527 0.3, 0.6]/637 0.4, 0.7%4})

Then partial membership is given as follow:
(L g,,01) =

[0.1,0.4]/&) [0.2,0.3]/627 [0.4,0. 6]/ [0. 3 0. 6]/£ })
7 (ﬁo, {[0.4,0.6]/847 [0.2,0. ]/65}> ’

(n

73,
T5,
77,
79,
711,
713,
T15,

T16,

[0.1, 0.9]/£ [0.3, 0.7]/&}

0.3.0.7),
[0.1, 0.9]/
0.2,0.8),
[0.2,0. 8]/€

0.3,0.7),

0.3,0.7)

y 0.4,0.6]/65}>

[

[

[0.1, 0.9]/€3
[0.4, 0'6]/£

. {[0'2’0'8]/617 [0.3,0.7]/&))

02,08}, 1) (7, {0-4,0.6, [0:3,0.7), [01,0.9),

02,08}, 1) (7, {[0:2,0.8), [0:4,0.6), [03,0.7),

04,06}, 1) (7, [[0.1,09, [0:2,0.8), [0.4,0.6), [o. 3 0.7y, })
[

0.1,0.9), [0.3,0.7);, ) 7 (Tm, {[0.4, 0.6, ,[0.2,0. 8]/65}) ’

0.2,08), 104,06, 1)

[
» 0.1, 0.9]/637 [0.2, 0.8]/&17 (0.4, 0.6]/65}> ’ (7147 {[0.4, 0.6]/61’ [0.2, 0.8]/65}) ,
0.4, 0.6]/64’ [0.4,0.6);
[

0.2,0.8
. I

5
03 0.7]/&7}[2).4, 0.6]/64}>

Definition 4.15. The partial non-membership of IV F'H S-set (L' g7,,91) denoted by
©(L'g,,01) is an IV F HS-set defined as

@f/Hl(T) = {of/Hl(T) :TE 61},

https://doi.org/10.54216/1JNS.200209
Received: July 18, 2022 Accepted: January 07, 2023

144



International Journal of Neutrosophic Science (IJNS) Vol. 20, No. 02, PP. 135-161, 2023

where oL/ 7, (7) = {(7'7 [1 = Ryl g, (7) (2), Rl g, (v) (Z)D Vz € Z}.

Example 4.16. Consider IV F'H S-sets (f/H1 ,01) € C(E’H,ES) with 0; C 0 as in Example
Then partial non-membership is given as follow:
@(L/H1 , 61) =

(Th{[o.z,o.s]/g (0.4, 0.6]/62} ’(72’{[0.4,0.6]/61,[0.&0.7%3})

T, [0.4,0.6]/ [0470.6}/64 Nen [0.3,0.7}/617[0.2,0.8]/62,[0.2,0.8]/£5$

T, [0.3,0.7]/ [04,0.6%4 T, [0.4,0.6]/&,[0.4,0.6]/627[0.4,0.6]/65

., [0.470.6]/ [03,0.7}/55 T, [0.4,0.6]/61,[0.3,0.7]/62,[0.4,0.6]/64’[0.4,0.6]/65}),
7o, {103, 07]/€ [0. 270.8]/53,[0.3,0.7}/65 )7(Tw’{[0.4,0.6]/&17[0.4,0.6]/65})7

1y, {101, 0.9]/&7 (0.4, 0.6]/65}) : (712, [0.4,0.6]/54, [0.3,0.7]/65

s, {104, 0.6]/52’ [0.4, 0.6]/63’ [0.4, 0.6]/&’ 0.3, 0.7]/65}> ’ (7147 {[0.4,0.6]/61’ [0.3, 0.7]/65}) 7
15,4104, 0.6]/63’ [0.2, 0.8]/647 [0.3, 0‘7]/55})

16, {103, 0'7]/&7 (0.4, 0.6]/627 (0.4, 0.6]/£3’ 0.3, 0.7]/&1})

Definition 4.17. The AND operation of two IV F'H S-sets (L', 01) and (L' g7, , Do) denoted by (L' g7, ,81) N(L' 11, Do)
isan IVFHS-set (L' g, 03) with 03 = 01 x 02 and for (7;,7;) € 03, 7; € 01,7, € 02 is defined as

E/Hs (Tla 7_2) = E/Hl (Tl) r E/HQ (7—2)7
where L/ g7, (1) M L' g7, (72) as defined in deﬁnition

Example 4.18. Consider two IV F'H S-sets (L',,01) and (L' g, d5) as in Example [2.8| given by
(L', ,01) =

{ E ;04 0.5, ,[02,0.5];, })7(727{[0.1,0.4]/&7[0.6,0.8]/&7[0.5,0.7}/63})7 }

05,07}, [0.2,0.4);, 04,0.6], [0.4,0.7}/&})

and
L’H2 ,09) =

[0.7,0. 8/£1 [0.3, 0‘5]/32}) 7 (74’ {[0.4, 0.7]/637 [0.270.3]/&1, [0.2,0.6}/65}> 7
0-4,0.6], [0-3,05], [0-4,0.5], [0.2, 0.3]/55}) ,

01 >< 52 =
{ A= ( )s A2 = (T1,74) /\3:(7-177_5)a)‘4:(7-277—3)’)‘5:(7-2’7—4)7)a }
(A6 = (72,75) A7 = (73,73), As = (73,71) , Ao = (73,75))
then
(L' 1, 03) =
A1, [0.4, 0.5]/ [0.2,0. 5]/52 (Mo, 1), ()\3’ {[0'470'5]/617 [0.2,0.5}/62,

[0.1,0.4]/ [0.3,0. 5]/62 , </\5, {[0'4’0'7]/63’}) ’ ()\6’ {[0'1’0’4]/617 [0'3’0'5]/62}) 7
[0.5,0.7]/ [0.2,0. 4]/@7}) 7 (As, {[0.2,0.4]/537 [0.2,0.3]/647 [0.2,0.6]@5,}) ’
[0.3,0.5]/ [0.4,0. 5]/ [0.2,0.3]/&})

Definition 4.19. The OR operation of two IV I H S-sets (L' 1,,d1) and (L' g7, 92) denoted by (L' 7, 81) \/ (L 11, 32)
isan IV FHS-set (L' g, 03) with 03 = 0 x 09 and for (7;,7;) € 03, 7; € 01, 7; € 02 is defined as

L'y (r1.m2) = L'y, (1) U L'y, (72),
where L' g7, (1) U L' g, (72) as defined in deﬁnition

Example 4.20. Consider two IV FHS-sets (L'z7,,d;) and (L'f7,,32) as in Example |4.18} then (L', , 33)
can e given by
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(L' 11y, 03) =
AL [0.7,0.8]/517 [0.3,0. 5]/&}) ( { [0.7,0. 8/61 (0.6 0.8]/62 [0.5,0.7%3})
g, {104, 0'5]/517 [0.2,0. 5]/ (0.4,0. 7]/4 0.2,0. 3}/ [0.2,0. 6]/€ })
g, {104, 0.6]/61’ [0.3,0. 5]/ [0.4,0. 5]/ 0.2,0.3], })
s, {101, 0.4]/&7 0.6, 0. 8]/ [0. 5,0.7]/ 0.2,0. 3}/ [0.2,0. 6]/&, ’
g, {104, 0.6]/617 0.6, 0. 8]/ 0.5, 0.7]/ 0.4,0. 5}/ [0.2,0. 3]/€5 7
Ar, {107, 0.8]/617 [0.5,0. 7]/ [0. 270.4]/ 0.4,0. 6}/ [0.4,0. 7]/658
g, {105, 0.7]/427 [0.4,0. 7]/ 0.4, 0.6]/ 0.4,0. 7}/65}
Ao, 4 (044, 0.6]/&7 [0.5,0. 7]/ [0. 2,0.4]/ [0.4,0. 6}/ [0.4,0. 7]/6 })

Definition 4.21. The difference of two IV F'H S-sets (L'r,,01) and (L' pz,, D) denoted by
(L'g,,01) \ (L' 1y, 02) isan IVFHS-set (L' iz, 03) with 03 = 01 \02 and is defined as

E/H:s (T) = L~/H1 (Tl) - E/HQ (72)'

Example 4.22. Consider two IV F'H S-sets (L'p,,01) and (L'p,,35) as in Example |4.18} then (L', , 0s)
can be given by

(E,ngg):{ (Tl,{[0.4,0.5]/&7[0.2,0.5]/€2})’(TQ’{[0.1,0.4]/517[0.6,0.8}/627[0.5,0.7}/63}) }

Definition 4.23. The restricted difference of two IV F H S-sets (L' g7,,01) and (L' 7, 02) denoted by (L', , 81)\
(L/Hz,ag) isan IV FHS-set (L/H37 83) with 03 = 07 N 05 and for (Ti, Tj) € 03,7; € 61,7']‘ € 04 is defined
as

L'y (1) = L'y (1) = L' 11, (72).

Example 4.24. Consider two IV FH S-sets (L'j7,,91) and (L'f7,,35) as in Example |4.18} then (L', , 33)
can be given by

(L' 11, 05) = {(737 {[0.2, 0'4]/133’ [0.4, 0.6]/64’ [0.4, 0'7]/135})} .

Definition 4.25. The restricted symmetric difference of two IV F H S-sets (L'g,,01) and (L' g,,dz) denoted
by (L/H1751) \RS (L/H2,62) is an IV FH S-set (L/H3,63) with 03 = 91 N J5 and for (Ti,Tj) € 03,7; €
01, 7; € Oy is defined as

L'y, = {((E’H1751) Ur (E/H2752)) \R ((E’H1,51) N (EnganQ))}

or

L'y, = {((DH1751) \r (L', 52)) Ur ((f//H2762) \r (DH1751))} .

Example 4.26. Consider two IV F'HS-sets (L'7,,0,) and (L' z7,,d2) as in Example then we have

((E/H1761) \n (E’H2,82)) _ {(TB, {[0.2, 0.4y, [0.4,06), (04, 0.7]/45}) } ,

((E/H2752) \r (LN’H1751)) = {(73, {[0'7’ 0'8]/£1})} .

then,

(L', 03) = { (737 {[0.7, 0.8]/81’ [0.2, 0'4]/£37 [0.4, 0.6]/64’ [0.4, 0.7]/&}) } )

5 Basic Properties and Laws of IV F'H S-set Operations

Some basic properties, laws and results of IV F'H S-set are discussed in this section. All IV F HS-sets in
C( i'w.d) satisfy following properties, laws and results.
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1. Idempotent Laws

(@) (L'g,d)N(L'g,0) = (L'y,0) = (L'g,0) N (L', ).
(b) (L', 0)U (L', 0) = (L', d) = (L'y,0) U (L', 0).

2. Identity Laws

@) (L'p,d) N (L' g, 0)y = (L'3,0) = (L'3,d) N (L' 17, 0)w.
(b) (L'5,0) U (L'g1,0)p = (L' 57, 0) = (L' 1,0) Ug (L' 17, d) .
© (L'1,0)\r (L'5,0) = (L'11,0)e = (L', 0) Ups (L'u,0).
) (L'1,0)\r (I'g,d)e = (L', d) = (L'31,9) Urs (L'31,0)s.

3. Domination Laws

@ (L', )N (L' g,0)e = (L', 0)e = (L', d) Mg (L', 0) .
(b) (L', d)U(L'g,0)y = (L', d)w = (L' 57,0) U (L' 17, 0)u.

4. Property of Contradiction

@ (L'y,0)N(L'y,0)° = (L'y,0)e = (L'y,0) Mg (L' g, 0)°.
5. Property of Exclusion

@ (L'y,0)U (L' y,0)° = (L'y,0)y = (L', d) Ug (L'y,0)°.

6. Absorption Laws

(C) ( Hlaal) ((LN/H1761) |—|R (LN/H2782)) = (LN/H1781)'
(@ (L', 01) U (

7. Commutative Laws

@ (L'p,,00) N (L' #,,02) = (L' pg,,02) N (L' 1, 01).

(b) (L 'Hl, 01) Mg (L' #,,09) = (L', 02) Mg (L' 11,,01)
© (L1, B0) U (L 11y, 8) = (L' 11, 02) U (L', , )

(d) (L'p,,01) Ur (L' 15, 02) = (L' pr,,02) U (L', , 01)
© (L'#,,01) \rs (L'1,,02) = (L' 11, 02) \rs (L' 1z, 01).

8. Associative Laws
@ (L'py,,01)MN ((f//H2762) M (E/H3>53>) = ((E’H1,51) N (L w,, 52)) M (L gy, 03).

(b) (E/H1781) M (E/H2762) Mg (E/H3763)

N—

E
© (L'm,,01) U ((E’szaz) U (E’H3>53)) = ((E’Hlfh) U(E/H2752)) U (L g1, 33).

@ (L'51,,01) Un ((£'112,82) Ur (£'12,.85)) = ((£51,,91) Ur (11, 82)) U (£, 85).
(

© (L, 00) A ((F/11282) N 110,89) ) = (11, 80) AL 11,82) ) N 1y Bs).

O (£, 00V ((E22.02) V(E'11,.89) ) = (11,50 V(L 1, 82) ) V(L 11y, B).
9. De Morgans Laws

@ ((F/,,00) e (E5,,02)) = (Ea,,00) 0 (D, 02)
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(b) ((E’Hlﬁl)'—l(i’mﬁz)) (L H1,51)
© (D000 AE'12,82)) = (L. 01)
@ ((E,00) V(122 82)) " = (Ea1,01) A

10. Distributive Laws
@ (L'p,,0:)MN ((IN//H2752) U (E/H3>53)) =

e (2
(E
(z

2,52)
3)
2,32) .

((Ele,al) M (E’H2,62)> ¥ ((E’Hl,ﬁl) 1 (L, 33)).

() (L'g,,01)U ((E’H2,52) M (E’H3,53)) =

"m,,01) Mg ((E/H2752

—~

6 Hybrids of IV FHS-set

In this section some hybrids of IV F'H S-sets are discussed.

', 1) U (E/H2,52)) n ((E/Hl,z-sl) T (E’H3,63)).

( )Un (£, 85) ) =
((E/Hl,al) Mg (E/Hz,az)) U ((E’Hl,él) Me (E’H3,63)).

Hy,02) Mg (L' by, 33)) =
'112502)) T (£, 81) Ur (E11,,05)).

(
((n
(E'1z,,00) 1 ((i/Hz,52) U (£, 05) ) =

(/122,00 1 (41, 82) ) U (L11,,80) 1(E 11, 85) )
(

(

L1, 81) U (£'12,,82) ) 1 (£ 11,,81) U (£'11,,85) ).

Definition 6.1. Let L, G and H are three IV F H S-sets over U. A mapping f (L, G) given by [ : ivfs(U) x
wfs(UW) — IVFN is called similarity measure if it satisfies the following conditions:

) is IV F-number.
(f/ G) = [1,1] if and only if L = G.
) F(G,L).

4. L CGCH,thenf (L,H)CF(LG)and (L, H)Cr (G, H).

Definition 6.2. Let L, G and H are three IV F H S-sets over U. A mapping A(L, G) given by A : ivfs(U) x
iwfs(UW) — IVFN is called distance measure if it satisfies the following conditions:

4. L CGCH, then A(L,G) C A(L,H) and A(G, H) C A(L, H).

Proposition 6.3. Let L and G and are two IV F HS-sets over U, then the following results hold:

F(L,LNG) =F(G,LUG).
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N S R s

7 Some extensions of [V F'H S-set

Atige et al Y and Smarandache! discussed some hybrids of IV F'H S-sets. Some more hybrids of IV FH S-
sets are discussed in this section. Let d1, 03, ..., 0,, are attribute valued sets, each corresponding to a unique
attribute €1, €2, ..., €, € E'suchthatforp,q =1,2,...,n,p # ¢,0,N0d, = ¢. Let collection of all sub intervals
of I = [0, 1] be represented by C (I).

Definition 7.1. Let C;, ;(V) be the collection of interval-valued fuzzy sets. Then (T, d), the interval-valued
intuitionistic fuzzy hypersoft set (ZVZFHS-set) over U is defined as

(<Y7(c), Tz(s) > /5, X) : < €0,
T() € Cins(9), T7(5), T(s) € C ()

where T : @ — C(U) is approximate function and ¢ € 0 = 07 x 02 X ... X O, With T5(¢), T 7(c) : 0 — [
are truth membership and false membership functions of ZVZ FHS-set such that the sum of upper bonds of
T and Y ; is less than or equal to 1.

(r.9)-{

Example 7.2. Let L = {1, {5, {3, {4, {5} be the set of elements under consideration as in Example and
T = {7,72,73,...,T16 }» Where each 7; is p*"-tuple, p is the product of orders of 7;. The ZVIFHS-set
(7, 0) is given by

(1,0) =
, [0.1,0.2]6;1[0.8,0.9] ’ { [0.3,0. 4] [o 6,0.7] }) : (72, [0.3,0.6]; 2‘[o .4,0.7] ) ,
T3, [0.2,0.420.3,0.4] ’ (74 [o 3,0. 5]£ [0.2,0.4 } [0.4,0. o]&[o 2,0.3] { [o.1,0.3]e;5[0.2,0.3] })
. [0.1,0.2]21[0.2,0.5] , [0.4,0. 5]@[0 2,0.3] , (7_6, [0.3,0. 6][4[0 1,0.3]
. [0.3,0.5]21[0.2,0.4] ’ [0.2,0.6]2;3[0.1,0.3] 7 [0.1,0.2]@;5[0.4,0,5] }) : (T& [0.5,0.6]21[0.2,0.3] } 7)
To, [0.3,0.42;3[0.2,0.5] ’ (7107 [0.1,0.3]2;1[0.5,0‘6} }) : (Tu, { [0.3,0.42;1[0.2,0.4] ’ [0.4,0.51{;5[0.1,0.3] }) ,
iz, [0.2,043}8;2[0.5,047} e { [0.6,0.7]23[0.1,0.2] }) ’ 7 [0.1,0.3]21[0.2,0.6] 7
_ [0.2,0.5}6-,1[0.3,0.4} 7{[0.2,0.3]@;2[0.1,0.6] }) ’ (7_16) { [0.2,0.3]@;1[0.1,0,4] } 7 { [0.1,0.5]24[0.2,0.4] })

Definition 7.3. Let C;,,,(U) be the collection of interval-valued neutrosophic sets. Then (T', 8), the interval-
valued neutrosophic hypersoft set (ZVNHS-set) over U is defined as

{(<T#(),T5(),Tz() > /s,1) : € B,T(s) € Cion(V), T#(5),T3(), T s(c) € C (I)}

where I' : & — C(U) is approximate function and ¢ € 9 with T5(<), T7(5), T 7(s)
indeterminacy and falsity membership functions of ZVNHS-set.

(Fvﬁ) =

: 0 — I are truth,

Example 7.4. Consider Example[7.2] The ZVNHS-set (T, ) is given by
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(F7 5) =
0.3,0.6];]0.1,0.4];0.2,0.5 0.2,0.5;]0.2,0.3];]0.1,0.2 0.1,0.3];]0.2,0.5];[0.2,0.3
™, [ ][z1 1i[ ] ’ [ ][£3][ ])’TQ’{[ Hzg][ ]})’
T3, [0.2,0.3];[0.20.4];[0.3,0.6] ) 7 (7_67 { [0.4,0.5];[0.46;0.6];[0.2,0.3] 7
[0.3,0.4];[0.2,0.3];[0.3,0.7] [0.6,0.7];[0.3,0.5];[0.1,0.3] [0.3,0.6];[0.2,0.4];[0.1,0.3]
T4, 73 ) 71 75
- [0.1,0.3];[0.?2,10.4];[0.4,0.5] ’ [0.2,0.3];[0.20.4];[0.4,0.7] ) ’ (Tg [0.4,0.6];[0. 2 0.3];[0.4,0.5 )
[0.3,0.4];[0.3,0.7];[0.1,0.4] [0.3,0.5];[0.4,0.6];[0.3,0.6] [0.3,0.5];[0.2,0.4]; [0 4 ,0.7]
775 7 ; 7 7
0, [0.3,0.5];[0.2(,10.5];[0.3,0.5] N, [0.4,0.7];[0. 1410 4]; [o 5,0.6] { [0.3,0.5];[0. 2 ,0. 3] [0 6,0.7] })
o, [0‘6,0.8];[0‘4?20.6];[0‘3,0.7} (71, [0.4,0.5];[oif.ﬂ;[o.l,o.:ﬁ] ’
- [0.470.7];[0.22710.5];[0.470‘6] (s, [0.1,0.3];]0. zzo .51;[0.2,0.4] [0.5,0.6];[0. 2 0.5];[0.4,0.8] }
0.1,0.2];[0.1,0.3];[0.3,0.5 0.4,0.6];[0.4,0.5];[0.3,0.6 0.4,0.6 0305 0.2,0.4]
7.8’{[ ][e1 L[ ]})7(7.167{[ ][e1 JH ]} {[ ][54 JH

Definition 7.5. The interval-valued picture fuzzy hypersoft set (ZVPFHS-set) (p,
(©,0) = {(< 97(5), 92(<), 02(<) > /S, 9) : s €0,9(c) € Civn(Y), p

where o : @ — C(U) is approximate function and ¢ € 0 with p+(<), p

)

over U is given by

9),
7€), 902(¢), pz(s) €C(D)}
7(<),pz(c) : 0 — I are truth,

indeterminacy and falsity membership functions of ZVP FHS-set with COIldlthH that the sum of upper bonds
of p7, p7 and pz remain less than or equal to 1.

Example 7.6. Consider Example The ZVP FHS-set (p, d) is given by

(9,0) =
0.3,0.4];[0.1,0.2];[0.2,0.3 0.2,0.4];[0.2,0.3];[0.1,0.2 0.1,0.3];[0.2,0.3];[0.2,0.3
I, [ ][61][ ] ’{[ ”Zs][ ]),<TQ,{[ Hzg][ ]})’
T3, [0.2,0.3];[0.1@110.4];[0.3,0.6] (7, { [o.1,0.2];[0.4;0.5];[0.1,0.2] ’
[0.0,0.2];[0.2,0.3];[0.3,0.4] [0.3,0.4];[0.2,0.4];[0.0,0.1] [0.2,0.3];[0.2,0.4];[0.1,0.3]
T4, 73 ) 71 75
75, [0.0,0.1];[0.?2,10.4];[0.4,0.5] ’ [0.2,0.3];[0.12,20.2];[0.4,0.5] ) ’ (Tg [0.1,0.4];[0. 1 0.2];[0.1,0.3] )
[0.3,0.4];[0.3,0.4];[0.0,0.1] [0.2,0.4];[0.3,0.4];[0.1,0.2] [0.0,0.3];[0.2,0.3]; [0 3 0.4]
77, 1 ) 75
_— [0.3,0.4];[0.2Z,1().4];[0.0,0.2] N, [0. 1 ,0.2];[0. 1410 2]; [o 5,0.6] ’ { [0.3,0.4];[0. 2 0. 3] [0 2,0.3] })
o, [0‘6,0‘8];[0‘(},2()‘1];[0‘0,0‘1} (s, [0.0,0.1];[0.46;0.5];[0.0,0.3] ’
- [0.1,0.3]-.,[0.22.,10.3];[0.37044} N5, [0.1,0.3];[o.zz,lo.s];[o.o,o.l] [0.5,0.6];[0. 2 0.3];[0.0,0.1] }
0.1,0.2];[0.1,0.3];[0.3,0.5 0.0,0.6];]0.0,0.1];[0.0,0.2 0.4,0.5];[0.3, o 4];[0.0,0.1]
7.87{[ ][121 L[ ]})7(7.167{[ ][41 L[ ]}’{[ ][Z4 Ii[ })

Definition 7.7. (A, 0) is called fuzzy parameterized hypersoft set (FPHS-set) over U and is defined as

(A,0) = {(r(s)/s,mr(s) ) ,s €0,7r(S) €

0 — [ is membership function of FPHS-set and 7 :

where F' is fuzzy set and &p :
approximate function.

PU),¢r(s) € I}

3 — PU) is

Example 7.8. Consider Example[7.2] The FPHS-set (A, d) is given by

(A7 6) =

%,{zl,zg}),(g {zQ}) (07 {64}) (0,— {Es,&,fs}) (M
%,{51753,55}) (0?82 {t }),

04 () (2240 (22

{0.62}) (%2 (6}).

(%4 061) . (22, 40)) (2240, 65)) (220}

{51’52}) (*3 {51754})

Definition 7.9. (V,0) is called fuzzy parameterized fuzzy hypersoft set (FPFHS-set) over U and is defined

as

Vv,

approximate function.

https://doi.org/10.54216/IJNS.200209
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where ¢ is fuzzy set and ¢y : 0 — I is membership function of FPFHS-set and oy

:0 — P(U)is
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Example 7.10. Consider Example[7.2] The FPFHS-set (V,0) is given by
(V,0) =

) . . ) ) . 12 04 0. . )
- ) e () (1) (. o)

) - 10 O30 Uy "\ 4 IR 2 "\ T’ ) G )
03 J01 0.4 0.1 )03 04 J0.2 0.1 )0.1 0.2 J0.1 0.7 03 J0.2 0.4
711’ 17 45 P\ 1127 | L2 P\ 71137 | 43 P\ 714’ 1 P\ 715 17 Ao ’\ 716’ 10 4y
Definition 7.11. (Uf,—;vfns,0) is called fuzzy parameterized interval-valued fuzzy hypersoft set
(FPIZVFHS-set) over U and is defined as

(B pp—ivshs, 0) = {(AN;(Q AMZ@) 16 €0, Am(s) € I,Au(s) € C (I)}

where A, is truth-ness of membership function A : & — I and Ay is truth-ness of approximate function
A:0 — P) of FPIVFHS-set.

Example 7.12. Consider Example The FPIVFHS-set (Up_ivsns,0) is given by
(Ufp—ivfhsa 6) =

0.1 f[0.1,0.2] [0.2,0.3 0.3 J[0.1,0,4] 0.4 f[0.2,0.5] 0.1 J[0.2,0.3] [0.1,0.4] [0.1,0.5]

T1 ? 61 ) 163 ) T2 ) fz ) T3 ’ 64 ’ T4 ? Zg ) Z4 ) 65 ’
0.7 J[0.3,0.6] [0.1,0.2] 0.2 J[0.2,0.4] 0.1 J[0.2,0.3] [0.1,0.3] [0.1,0.5] 0.2 J[0.2,0.5]

T5 ’ Zl ) fg ’ T6 ? 64 ? T7 ? Zl ’ £3 ’ €5 ? T8 ? él ?
0.4 [0.3,0.5] 0.3 [0.1,0.3] 0.3 [0.1,0.3] [0.1,0.4] 0.1 [0.2,0.3]

T9 43 >\ 710’ £y P\ 711’ b 0 Us >\ 112 2 )

0.4 J[0.2,0.6] 0.1 J[0.1,0.4] 0.2 J[0.1,0.5] [0.3,0.7] 0.3 J[0.2,0.5] [0.1,0.4]

T3’ 43 >\ T4 £y P\ 7150 R 2 >\ 716’ £ 7 Ay

Definition 7.13. (U p_ivifns,0) is called fuzzy parameterized interval-valued intuitionistic fuzzy hypersoft
set (FPZVIFHS-set) over U and is defined as

(BM(§) {]EM(C)%IBN(C)}) ced

(Ofp—ivifns, 0) = o z ’
Bu(<) € 1, Bu(s), Bu(s) € C (1)

where B, is truth-ness of membership function 5 : & — I and By and By are truth-ness and false-ness of

approximate function B : 3 — P(W) of FPZVIFHS-set with condition that the sum of upper bonds of By

and By remain less than or equal to 1.

Example 7.14. Consider Example The FPIVIFHS-set (U fp—_ivifhs,0) is given by
(Gfpfim'fhsv 6) =

0.1 [0.5,0.7];[0.1,0.2] [0.2,0.5];[0.2,0.3 0.3 [0.1,0.4];[0.2,0,4] 0.4 [0.2,0.5];[0.3,0.4]
ETl A ’ I3 s\ )Y 6 A A7 ’
0.1 [0.2,0.3];[0.5,0.6] [0.1,0.4];[0.3,0.5] [0.1,0.2];[0.3,0.5] 0.7 [0.1,0.2];{0.3,0.5] [0.1,0.2];[0.4,0.7]
ETR I3 ’ 0y ) ls '\ g 0 2 ) 0o ’
0.2 [0.2,0.3];[0.5,0.6] 0.1 [0.2,0.3];{0.3,0.4] [0.1,0.3];[0.1,0.2] [0.1,0.2];[0.3,0.5]

6 ba v\ 0 ’ ls ) l5 ’

0.2 [0.1,0.2];{0.2,0.5] 0.4 [0.1,0.4];{0.3,0.5] 0.3 [0.1,0.3];{0.2,0.5]

ENE D N0y 45 '\ 7m0l 6 )

0.3 J[0.1,0.4];0.3,0.5]  [0.1,0.4];[0.4,0.5] 0.1 J[0.2,0.3]50.4,0.6] 0.4 [[0.1,0.4150.2.0.6]
Ee £y ? Ls *\ 127 12 »\ 7137 2 ’
0.1 [0.2,0.4];[0.3,0.4] 0.2 [0.1,0.3];{0.4,0.5] [0.1,0.2];[0.6,0.7]

Tia? 2} »\ 715 2} ? [ ’

0.3 [0.2,0.4];[0.3,0.5] [0.1,0.2];[0.4,0.6]

T16’ 4 ’ Ly

Definition 7.15. (Up—iunns,0) is called fuzzy parameterized interval-valued neutrosophic hypersoft set
(FPIVNHS-set) over U and is defined as

Cm(s) {Cum();Cn(s);Ci()} Y .
) ; :¢€0,C el,
( fp—ivnhs, 8) = { S z ) S M(§) }

Cm(s), Cn(s), Cu(s) € € (1)

where C 4 is truth-ness of membership function C :  — I and Cy, Cy and Cj are truth-ness false-ness and
indeterminacy of approximate function C : d — P(U) of FPZVNHS-set .
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Example 7.16. Consider Example The FPIVNHS-set (U fp—ivnhs,0) is given by
(Ufp—ivnhsa 6) =

0.1 f[0.4,0.6];[0.3,0.4]50.2,0.3] [0.3,0.5};[0.2,0.5];0.2,0.5] 0.3 f[0.1,0.3];[0.2,0.4][0.3,0,4]

T1 ? El ’ Eg ? T2 ’ EQ ’
0.1 J[0.3,0.5);(0.3,0.7]5[0.5,0.6] [0.1,0.2];[0.3,0.6)30.3,0.5] ~ [0.1,0.2];[0.3,0.6];[0.2,0.5]

T4 ? @3 ? 164 ’ Z5 ?

0.4 J[0.1,0.4):0.3,0.5];[0.3,0.6] 0.7 f[0.4,0.7)5]0.3,0.4];[0.1,0.5] [0.6,0.8]:[0.1,0.3][0.5,0.7]

T3 ? é4 ? T5 ’ fl ? 52 ?
0.2 J[0.1,0.4];[0.1,0.3];[0.5,0.7] 0.2 f[0.1,0.3];[0.1,0.4];[0.2,0.3]

76 I 0 A 5

0.1 J[0.2,0.6];(0.5,0.7]50.3,0.4] ~ [0.3,0.6];[0.1,0.3)3[0.2,0.3] [0.4,0.8];[0.2,0.4];[0.3,0.4]

T7 ? fl ? e‘g ) 55 ?

0.4 J[0.2,0.4];(0.3,0.4];[0.1,0.5] 0.3 [0.1,0.2];[0.3,0.5];{0.4,0.5]

T9 ? L3 >\ 710" 2 ’

0.3 f[0.3,0.4]50.2,0.4];[0.3,0.7] ~ [0.5,0.7];0.1,0.3];[0.4,0.6] 0.1 J [0.1,0.3]5]0.3,0.6];[0.3,0.6]

T11’ £y ’ L5 P\ 112 Lo ’
0.4 [0.3,0.6;0.2,0.4];[0.4,0.6] 0.2 f[0.3,0.6]30.2,0.3;[0.4,0.7] [0.1,0.3]5[0.5,0.7];[0.3,0.4]

713" L3 >\ 1157 £y ’ 23 )
0.1 f[0.3,0.4]50.3,0.7);[0.2,0.4] 0.3 [ [0.2,0.6]5[0.3,0.4];[0.1,0.2] [0.6,0.8];[0.3,0.4];0.2,0.4]

T4’ £y >\ 16’ L1 ) Ly

Definition 7.17. (U p—iupsns, 0) is called fuzzy parameterized interval-valued picture fuzzy hypersoft set
(FPLZVPFHS-set) over U and is defined as

Dam(s) {Dm(s)iDn(s)Di(s)} Y .
; :6€0,Dapm(s) €1,
(Ofp—ivpsns, 0) = { < 2 ) M(s) }
D (s), Dn(s), Di(s) € C (1)

where D is truth-ness of membership function D : & — [ and Dy, Dy and Dy are truth-ness false-ness and
indeterminacy of approximate function D : & — P(U) of FPZVPFHS-set with condition that the sum of
upper bonds of Dy, Dy and Dy remain less than or equal to 1.

Example 7.18. Consider Example The FPIVPFHS-set (U tp—ivpsns, 0) is given by
(Ufpfivpfhm 5) =

0.1 [0.2,0.3]5[0.3,0.4];[0.1,0.3]  [0.1,0.2];[0.2,0.3];[0.2,0.3] 0.3 J [0.1,0.3];[0.2,0.3];[0.3,0,4]

ET 12 ) I3 s\ 0 05 )
0.1 [ [0.1,0.2];[0.1,0.2];0.5,0.6] [0.0,0.1];[0.3,0.6};[0.2,0.3] [0.1,0.2};[0.3,0.4);[0.2,0.4]

T4 L3 ’ [ ’ L5 ’

0.4 J[0.1,0.4]30.3,0.5];[0.0,0.1] 0.7 f10.0,0.1];0.3,0.4];0.1,0.5] [0.6,0.7];0.0,0.1];[0.1,0.2]

T3 £y >\ T £1 ’ £2 )
0.2 f[0.1,0.4];0.1,0.3];0.0,0.3] 0.2 f[0.1,0.3];0.1,0.4];[0.2,0.3]

T6 0 l4 '\ g0 12 )

0.1 [0.2,0.6];[0.1,0.3];[0.0,0.1]  [0.3,0.6];{0.0,0.1];[0.0,0.1] [0.4,0.6];[0.0,0.2];{0.0,0.1]

T 12 ) I3 ) l5 )

0.4 [ [0.2,0.4];[0.3,0.4];0.1,0.2] 0.3 J[0.1,0.2);[0.3,0.5];[0.0,0.2]

9 ? l3 >\ 110 £y )

0.3 J [0.3,0.4):[0.2,0.4];[0.0,0.1] " [0.5,0.7]:[0.0,0.1]:[0.1,0.2] 0.1 J [0.1,0.3):[0.3,0.6];0.0,0.1]
110 £y ’ L5 >\ 112 L2 ’
0.4 [ [0.3,0.6);0.2,0.3];(0.0,0.1] 0.2 f[0.3,0.5);0.2,0.3];0.1,0.2] [0.1,0.3];0.0,0.2];[0.3,0.4]
13 L3 '\ 15 £y ) 2 )
0.1 f[0.3,0.4];0.1,0.2];0.2,0.4] 0.3 [ [0.2,0.6);(0.0,0.2];(0.1,0.2] [0.2,0.5];[0.2,0.3];[0.0,0.1]
T4 £y >\ 716’ 2 ’ Ly

Definition 7.19. (U; ¢p—ivfhs,0) is called intuitionistic fuzzy parameterized interval-valued fuzzy hypersoft
set (ZFPLVFHS-set) over U and is defined as

igp-iugnes) = { (LD BUDY (5, 6,) 6(6) € 1Bulo) € (1)}

where Enq, Epr are truth-ness and false-ness of membership function £ : & — I such that Ea¢ + Epr < 1 and
Eyp is truth-ness of approximate function E : 8 — P(U) of ZFPZVFHS-set.

Example 7.20. Consider Example[7.2] The ZFPZVFHS-set (U;fp—ivfhs, 0) is given by
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(Uifpfivfhm 8) =

{0.5:0.1} [[0.1,0.2] [0.2,0.3 {0.6;0.3} [ [0.1,0,] {0.5:0.4} [ [0.2,0.5]

1 ’ 01 ’ U3 ’ T2 ’ 2 ’ T3 ’ I ’
{0.5:0.1}  [[0.2,0.3] [0.1,0.4] [0.1,0.5] {0.7:0.2} [710.3,0.6] [0.1,0.2]

T4 ) by 0 by 0 s ’ 5 N ’
{0.4;0.2} [ [0.2,0.4] {0.4;0.1}  10.2,0.3] [0.1,0.3] [0.1,0.5] {0502} {[0.2,0.5]

T6 ? é4 ? T7 ) Zl ? fg ? €5 ) T8 ? 41 ?
{0.4;0.2} [ [0.3,0.5] {0.5:0.3} [ [0.1,0.3] {0.5;0.1} [10.1,0.3] [0.1,0.4]

T L3 ’ Ti0 1 ) T L )
{0.4,0.3} [ [0.2,0.3] {0.4;0,5} [ [0.2,0.6] {0.6;0.2} [ [0.1,0.4]

T2 ) Lo ’ 713 ) £3 ’ Tia £y ’
{0.7:0.2} [1[0.1,0.5] [0.3,0.7] {0.5:0.3} f[0.2,0.5] [0.1,0.4]

Ti5 ) £y 7 L2 ) Tie L1 7y

Definition 7.21. (U;p—ivifhs,0) is called intuitionistic fuzzy parameterized interval-valued intuitionistic
{FM(§);]FN(§)} ¢ €D,

fuzzy hypersoft set (ZFPZVIFHS-set) over U and is defined as
g }
Fam(s), Far(s) € I,Fu(s), Fn(s) € C (I)

where F and F s are truth-ness and false-ness of membership function F : & — I such that Faq + Far < 1
and Fyy and Fy are truth-ness and false-ness of approximate function F : & — P(U) of ZFPIVIFHS-set
with condition that the sum of upper bonds of Fy; and Fiy remain less than or equal to 1.

{Fm();Far(s)}

(Uifpfim'fhsv6) = {

Example 7.22. Consider Example The ZFPIVIFHS-set (U;fp—ivifhs, O) is given by
(Uifpfivifhsa 6) =

{0.5;0.1} f[0.5,0.7];[0.1,0.2] [0.2,0.5]; 0203} {0603} {[0104] [0204]}
{0.47;10.1}’ [0.2,0.5]6;1[0.3,0.4]’ {060 1} { 0203 [0506 o 04] [0305] [0.1 02] [0.3,0.5]
{0.7%.2}’ [0.1,0.2]Z;4[0.3,0.5] [0.1,0. 2] 040 7]} {0402} {[0203 [0506 }) " ’
{O.GT;TJ.l}, [0203f1[0304] [0103]0102] 0102]0305] {0302} {[0102[0205})
{0.5T;70.4} , [0.1,0. 4f1[0 3,0.5] }) {0 5 0.3} { [0.1,0. 3 [0 2,0.5] % 7
{0.;90.3}’ [0104ﬁo3os] 0104]:)12105]} {0701} {[0203[0406
{0.25.2}’ [0104f[0206] {0.6;0.2} 0103[%2405 [0102[0607 7
{0‘;8.1} , [0.2,0.4fio.3,0.4] , {0.2(5)‘3}7 [0.2,0. 4] [o 3,0. 5] [0.1,0. 2] [o 4,0.6] 7

T4 A ’ Ti6 6 J I

Definition 7.23. (U, ¢p—ivnns, 0) is called intuitionistic fuzzy parameterized interval-valued neutrosophic hy-
persoft set (ZFPZVNHS-set) over U and is defined as

{QM(S) QN(S)} {Gu(s); GN(C) Gi(9)}

G (<), GN( )#Gn( )GC( )

where G and G are truth-ness and false-ness of membership function G :  — I such that Gy + Gy < 1
and Gy, Gy and Gy are truth-ness false-ness and indeterminacy of approximate function G : & — P(U) of
IFPIVNHS-set .

(U’ifp—ivnhs 0) = { ) 16 €0,GMm(s),Gn(s) €1, }

Example 7.24. Consider Example[7.2} The ZFPIVNHS-set (Ui fp—ivnns,0) is given by
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(Uifpfivnhm 6) =

{0.7;0.1}  f[0.4,0.6];[0.3,0.4];[0.2,0.3] [0.3,0.5]5[0.2,0.5]5[0.2,0.5] {0.5;0.3} [0.1,0.3];[0.2,0.4];[0.3,0,4] })

{0.47;10.1}’ [0.3,0.5];[0.:5,10.7];[0.5,0.6] ’ [0.1,0.2];[0.;,30.6];[0.3,045] [0. 71 ,0.2]; [323 0.6];[0.2,0.5] “ ’

{0.47,40.2}7 [0.1,0.4];[0.34,30.5];[0.3,0.6] 7 {0.7;0%} [0.4,0.7],[0 3,0.4J;[0. f 0. 5] [0.6,0.8];]0. 71 ,0.313[0.5,0.7] )

{0.;?)‘2} , [0.1,0.4];[0.f,i).3];[0.5,0‘7] , {0‘37;50.2} ’ [0.1,0.3];[0. flo 4];[0.2,0.3] }) 7

{o.z;%.1}’ [0.2,0.6];[0.56:10.7];[0.370.4] [0.’3,0.6];[82.;1,0.?:] 02,03 [o. 4 0 8J;[0. 2 0.4];[0. 37,0 4] })

{0.5;:).4}7 [0.2,0.4]; [0:5104] [0105]’ ({0.6;0%,} {[0102] [0305] [0405]}

{0.47;%.3}’ [0.3,0.4];[0. 2630 4];[0.3,0. 7] [0.’5,0.7];[701.01,0.?:];[0.4,0.6] {0.7;0.1} { [0.1,0.3]; 0. 3 0.6;[0.3,0.6]

{02(1).1}’ [0.3,0.6]; 0. 260 4];[0.4,0.6] {0.5;0%} [0.3,0.6]; [0 2,0.3]; [T$24 0.7] [0.1,0.3];[0.5, 0 7]5[0.3,0.4] ,

{0.28.1}’ [0.3,0.4],[0.38,30.7],[0.2,0.4] , {0.28.3}’ [0.2,0.6];[04;,10.4],[041,0.2] [046,0.8];[0.;,%.4];[0.2,0.4] 7
Tia ) 2 ) e’ 2 ) I

Definition 7.25. (U;p_ivprns,0) is called intuitionistic fuzzy parameterized interval-valued picture fuzzy
hypersoft set (ZFPLZVPFHS-set) over U and is defined as

Hm (<), Hy(s), Hi(s) € C (1)

where H ¢ and H ar such that H o + H s < lare truth-ness and false-ness of membership function H : d — [
and Hyy, Hy and Hy are truth-ness false-ness and indeterminacy of approximate function H : § — P(U) of
IFPIVPFHS-set with condition that the sum of upper bonds of Hyy, Hiy and Hj remain less than or equal
to 1.

{Hrm()HN ()} {Hum(s)Hn(s) ()} .
) 16 €0, Hm(s), Ha(s) €1,
(Gifp—ivpshs, 0) = { N z ) m($), Hr (<) }

Example 7.26. Consider Example The ZFPIVPFHS-set (U; tp—ivpshs, 0) is given by
(Uifpfivpfhsa 6) =

{0.7;0.1} [ [0.4,0.5];[0.3,0.4);0.0,0.1] [0.3,0.5];[0.2,0.3];[0.0,0.1] {0.5;0.3} { [0.1,0.3];[0.2,0.4]]0.0,0.1] })

{0.47;10.1}’ [0.3,0.5];[0.36,10.4];[0.0,0.1]7 [0.1,0.2];[0.;,30.6]-,[0.1,02] [0.’1,02];[8%3,04(;];[0.0,01] " ’

{0.47,40.2}7 [0.1,0.4];[0.5,30.5];[0.0,0.1] ’ {0.7;0%} [0.4,0.5’];[0 3 0.4];[0. 550 1] [0.6,0.8];[0. ; 0.1];[0.0,0.1] )

{0.(‘?;?).2}7 [0.1,0.4];[0.5,2.3];[0.1,0.2} , {0.37;50.2}’ [0.1,0.3];[0. 1 0 4];[0.1,0.2] }) 7

{0.47;(2).1}’ [0.2,0.3];[0.;:10.6];[0.0,0.1] [0.’1,0.3];[?1,0.;]{0 2,0. 3] 0. 4 0 5);[0. 2 0.3];[0. 1770 2] })

{0.5%.4} 7 [0.2,0.4];[0.;10.4];[0.1,0.2] ’}) ({0.6;0%;} { [0.1,0. 2] 0. 3 0. 5] [0.2 o 3] }

{0,472).3}7 [0.3,0.4];[0.;,36.4];[0.1,0.2] [0.’5,0.7];8.%,0.5];[0.1,0.2] {0 7;0.1} { [0.1,0.3];[0. 3 ,0.6];0.0,0.1]

{0.2(1).1}’ [0‘3,0.4];[0‘2{10.4];[0‘1,0.2]7 {o.s;oli;} [0.3,0.5); [0 2,0.3); [7520 0.1] [0.1,0.3];[0. 1 0 2J;[0.3,0.4] ,

{0.28.1}7 [0.3,0.4];[0.5,302];[0.2,0.4] , {0.28.3}, [0.2,0.3];[04;,1(:).4],[01,0.2] [040,0.2],[0.;,%.4];[0.2,0.4] 7
T2 ) I J Tie A ) s

Definition 7.27. (U,p—ivfns,0) is called neutrosophic parameterized interval-valued fuzzy hypersoft set
(NPIVFHS-set) over U and is defined as

({m ()i ()} JMZ<<>> ceo,

S
TImS), In(S), Tz(s) € I, Iu(s) € C (1)

where J, Jn and J7 are truth-ness, false-ness and indeterminacy of membership function 7 : & — I and
J is truth-ness of approximate function J : 8 — P(U) of NPZVFHS-set.

(anfivfhs» 5) =

Example 7.28. Consider Example The NPIVFHS-set (Unp—ivfns,0) is given by
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(Unpfivfhsy 6) =

{0.8;0.5;0.4} [[0.1,0.2] [0.2,0.3 {0.6:0.4;0.3} [ [0.1,0,4] {0.7:0.5:0.4} [ [0.2,0.5]

- » 0 s ) T ) 7s ) T3 s s s
{0.5;0.3;0.1} [[0.2,0.3] [0.1,0.4] [0.1,0.5] {0.7;0.5;0.1} 1 70.3,0.6] [0.1,0.2]

T4 ) 2 5 Ts ) G2
{0.7:0.4,0.2} [ [0.2,0.4] {0.5;0.3;0.1} [0.2,0.3] [0.1,0.3] [0.1,0.5] {05:0.2:0.1} [ [0.2,0.5]

T6 ? Z4 ? T7 ? Zl ) 63 ) €5 ’ T8 ’ 21 )
{0.7:0.4,0.2} [ [0.3,0.5] {0.4,0.5;0.3} [ [0.1,0.3] {0.5:0.5;0.1} J[0.1,0.3] [0.1,0.4]

T9 ’ L3 ) T10 ) £y ) T11 ) L 0 4s )
{0.7;0.4,0.3} [ [0.2,0.3] {0.4;0,5:0.2} [ [0.2,0.6] {0.8;0.6;0.2} [ [0.1,0.4]

T12 ? £a ? T13 ’ £3 ’ T14 ’ £y ’
{0.5;0.7;0.2} [ [0.1,0.5] [0.3,0.7] {0.6;0.2;0.4} [ [0.2,0.5] [0.1,0.4]

Ti5 ’ L L2 ’ Ti6 ) Ly 7y

Definition 7.29. (U,,—vifns, 0) is called neutrosophic parameterized interval-valued intuitionistic fuzzy hy-
persoft set (NPZVIFHS-set) over U and is defined as

{Km(s)s ’CN(C) 'CI(C)} Eu@En@D}) . ¢ ¢ 5
(Onp—ivifhs,0) = { ( z ) ¢ €0, }
Kam(<), /CN( ), Kz(s )e I, K (), Kn(s) € C(I)

where Ko, Kpr and Kz are truth-ness, false-ness and indeterminacy of membership function IC : & — [ and
Ky and Ky are truth-ness and false-ness of approximate function K :  — P(U) of N'PZVIFHS-set with
condition that the sum of upper bonds of Ky and Ky remain less than or equal to 1.

Example 7.30. Consider Example The NPIVIFHS-set (U; fp—ivifhs, 0) is given by
(Uifpfivifhsa 6) =

{0.8;0.5;0.1} [ [0.5,0.7];[0.1,0.2] [0.2,0.5];[0.2,0.3 ) {0.6;0.3;0.1} { [0.1,0. 4 [o 2,0,4] }
1 ’ 04 ’ L3 ’ T2 ’
{0.6;0.4;0.1} [ [0.2,0.5];[0.3,0.4] {0.6;0.3;0.1} { [0.2,0. 3] [o 5,0. 6] [0.1,0. 4] [0 3,0.5] [0.1,0. 2],[0 3,0.5]
T3 ’ Ly ’ T4 ’ L5 )
{0.8;0.7;0.2} [0.1,0.2];[0.3,0.5] [0.1,0.2];[0.4,0.7] ) {0.6;0. 3 0.2} { [0.2,0. 3] 0 5,0.6] })
Ts ) £y L2 )
{0.6;0.2;0.1} [ [0.2,0.3];]0.3,0. 4] [0.1,0.3];[0,1,0.2] [0.1,0. 2] [0 3 0.5 ) ({0.7,0.3,0.2} { [0.1,0. 2] [0.2,0.5] })
T7 ) £y £3 )
{0.5;0.4;0.5}  [0.1,0.4];[0.3,0.5] } ({0 7;0.2;0. 3} { 0. 1 0 3] [0.2,0.5] }
T9 ’ L3 T10 ’
{0.4;0.6;0.3} [ [0.1,0.4];[0.3,0. 5] [0.1,0.4];[0.4,0.5] {0.7;0. 3 0.1} { [0.2,0. 3] [0.4,0.6]
T11 ’ £y L5 ) T12 )
{0.5;0.4;0.2} [ [0.1,0.4];[0.2,0.6] {0.6;0.2;0.2} [ [0.1,0.3];[0.4,0. 5] [0.1,0. 2] [o 6,0.7]
T13 ) £3 ) T15 ) £y L2 )
{0.4;0.5;0.1} f[0.2,0.4];[0.3,0.4] {0.8;0.4;0.3} [ [0.2,0.4];[0.3,0.5] [0.1,0.2];[0.4,0.6]
T14 ’ 01 ’ T16 ’ £y ’ £y

Definition 7.31. (U,,p—ivnis, 0) is called neutrosophic parameterized interval-valued neutrosophic hypersoft
set (WPZVNHS-set) over U and is defined as

( 5) {Lrm(s); ﬂN(C) ﬂz(C)} {Lm(s)sLn(s)s ]LT(C)}) ced
Un ivnhs» = z : '
! Lan(6), £x(8), £2(6) € 1, L), Lin(s), L) € € (1

where L, Lar and L7 are truth-ness, false-ness and indeterminacy of membership function £ : & — [
and Ly, Ly and Ly are truth-ness false-ness and indeterminacy of approximate function L : § — P(U) of
NPIVNHS-set .

Example 7.32. Consider Example The NPZVNHS-set (Unp—ivnhs, 0) is given by
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(Unpfivnhsy 6) =

{0.5;0.7;0.1}  f [0.4,0.6];[0.3,0.4];[0.2,0.3] [0.3,0.5];[0.2,0.5];[0.2,0.5]

T1 ? Zl ’ €3 ’
{0.8;0.5;0.1}  f [0.1,0.3]5[0.2,0.4];[0.3,0,4] }) ({0‘7;0.4,0‘2} { [0.1,0.4];[0.3,0.51;]0.3,0.6]

T2 ? EQ ? T3 ? é4 ?
{0.5;0.4;0.1} [ [0.3,0.5];[0.3,0.7];[0.5,0.6] [0.1,0.2];[0.3,0.6];[0.3,0.5] [0.1,0.2];[0.3,0.6];[0.2,0.5] })

T4 ? [3 ) 24 ’ 25 )
{0.7;0.3;0.1} f [0.4,0.7];[0.3,0.4];[0.1,0.5] [0.6,0.8];[0.1,0.3];[0.5,0.7]

T5 ? Zl ) 42 ’
{0.8;0.6;0.2} f [0.1,0.4];[0.1,0.3];[0.5,0.7] {0.5;0.3;0.2}  f [0.1,0.3]5[0.1,0.4];[0.2,0.3]

T6 ? €4 ? T8 ’ f1 )
{0.5;0.4;0.1} [ [0.2,0.6];[0.5,0.7];[0.3,0.4] [0.3,0.6];[0.1,0.3];[0.2,0.3] [0.4,0.8];[0.2,0.4];[0.3,0.4]

T7 ’ £y ’ 43 ’ 5 ’
{0.4;0.5;0.4} [ [0.2,0.4];[0.3,0.4];[0.1,0.5] }) ({07;0.4;0.3} {[0.1,02];[0.3,045];[0.4,05] })

) ) L3 ) T10 ) £y )
{0.6;0.4;0.3} f [0.3,0.4];[0.2,0.4];[0.3,0.7] [0.5,0.7];[0.1,0.3];[0.4,0.6]

Ti1 ’ £y ) % ’
{0.7;0.3;0.2}  [0.1,0.3];]0.3,0.6];[0.3,0.6] {0.8;0.4,0.3} { [0.3,0.6];[0.2,0.4];]0.4,0.6] })

Ti2 ) 2 ) T13 ) L3 ’
{0.5;0.7;0.2} [ [0.3,0.6];[0.2,0.3];[0.4,0.7] [0.1,0.3];[0.5,0.7];[0.3,0.4]

T15 ’ £y ’ Lo ’
{0.7;0.4;0.3} f [0.2,0.6];[0.3,0.4];[0.1,0.2] [0.6,0.8];[0.3,0.4];[0.2,0.4]

Ti6 ’ 1 ) Ly )
{0.4;0.3;0.1} { [0.3,0.4];[0.3,0.7];[0.2,0.4] })

T4 ’ £y

Definition 7.33. (U,,p—ivpshs, 0) is called neutrosophic parameterized interval-valued picture fuzzy hypersoft
{MM(c);J\/ljgv(‘;)u\/iz(<)}7 {Mm(<);Mz(<);Mn(c)} G €D,
Mpa($)s Mur(), Mz(s)

set WPZVPFHS-set) over U and is defined as
(Un —ivpfhs 6) =
o € I, M (<), M (<), Mi(s) € C (1)

where M ¢, M and M7 are truth-ness, false-ness and indeterminacy of membership function M : 0 — [
and My, My and M are truth-ness false-ness and indeterminacy of approximate function M : & — P(U) of
NPIVPFHS-set with condition that the sum of upper bonds of My, My and M remain less than or equal
to 1.

Example 7.34. Consider Example The NPZVPFHS-set (Unp—ivpfhs, 0) is given by
(Unp—ivpfh37 6) =

{0.5;0.7;0.1} [ [0.4,0.5];[0.3,0.4];[0.0,0.1] [0.3,0.5];[0.2,0.3];[0.1,0.2]

Fe) ’ I ) 3 ’
{0.8;0.5;0.1} [ [0.1,0.3];[0.2,0.4];[0.2,0,3] {0.7;0.4,0.2} [ [0.1,0.4];[0.3,0.5];[0.0,0.1]

T2 ? 52 ? T3 ’ E4 ?
{0.5;0.4;0.1} [ [0.3,0.5];[0.3,0.4];[0.0,0.1] [0.1,0.2];[0.3,0.6];[0.1,0.2] [0.1,0.2];0.3,0.6];[0.0,0.1] })

T4 ? 53 ) 64 ? f5 )
{0.7;0.3;0.1} [ [0.4,0.5];[0.3,0.4];[0.0,0.1] [0.6,0.7];[0.1,0.2];[0.0,0.1]

75 ? Zl ’ €2 ’
{0.8;0.6;0.2} [ [0.1,0.4];[0.1,0.3];[0.1,0.3] {0.5;0.3;0.2} [ [0.1,0.3];[0.1,0.4];[0.2,0.3]

T6 ’ Ly T8 ’ 4
{0.5;0.4;0.1} [ [0.2,0.3];[0.5,0.6];[0.0,0.1] [0.3,0.6];[0.1,0.3];[0.0,0.1] [0.4,0.5];[0.2,0.3];[0.1,0.2]

T7 ’ [1 ) 23 ) l5 )
{0.4;0.5;0.4} [ [0.2,0.4];[0.3,0.4];[0.1,0.2] }) ({0.7;0.4;0.3} { [0.1,0.2];[0.3,0.4];[0.2,0.3] })

) ) L3 ) T10 ) 1 )
{0.6;0.4;0.3} [ [0.3,0.4];[0.2,0.3];[0.1,0.3] [0.5,0.6];[0.1,0.2];[0.1,0.2]

T11 ) £y ) L5 ’
{0.7;0.3;0.2}  [0.1,0.3];[0.3,0.4];[0.1,0.3] {0.8;0.4,0.3} { [0.3,0.4];[0.2,0.3];[0.0,0.2] })

T12 ) Lo ’ T13 ’ L3 ’
{0.5;0.7;0.2} [ [0.3,0.6];[0.2,0.3];[0.0,0.1] [0.1,0.3];[0.5,0.6];[0.0,0.1]

T15 ) £y ) 2 )
{0.7;0.4;0.3} [ [0.2,0.3];[0.3,0.4];[0.1,0.2] [0.6,0.8];[0.0,0.1];[0.0,0.1]

Ti6 ) 1 ) Ly )
{0.4;0.3;0.1} { [0.3,0.4];[0.3,0.4];[0.1,0.2] })

T14 ’ £y

Definition 7.35. (U, fp—ivfns, 0) is called picture fuzzy parameterized interval-valued fuzzy hypersoft set
:¢ €0,

(PFPIVFHS-set) over U and is defined as
(U —ivfhsy 6) = N
rird N (S), No(6), Nz (s) € T, N (s) € C (1)

where My, Ny and N7 are truth-ness, false-ness and indeterminacy of membership function A/ : & — I such
that My + Ny + Nz < 1 and Ny is truth-ness of approximate function N : § — P(U) of PFPLVFHS-set.

{NMENN(S)NZ(9)} {Nm(s)}
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Example 7.36. Consider Example The PFPIVFHS-set (Opfp—ivfhs, 0) is given by

(Oppp—ivfns, 0) =

{0.2;0.5;0.1} [ [0.3,0.9] [0.5,0.8] )
T1 ’ El ) E3

{0.2;0.6;0.1} [ [0.2,0.6] }) ({0 2;0.1,0.2} { [0.3,0.7] })
T2 ? 42

{0.2;0.7;0.1} [ [0.3,0.9] [o. 3 0.7] [o. 2 ,0.6] })
T4 ’ {3 ’ ’

{0.2;0.6;0. 1} [0.4,0.9] [0. 3 0 4]
T5 L

{0.3;0.4;0.1} [0.2,06]}) {070101} {0307})
T6 ’ £y

{0.2;0.6;0.1} [ [0.5,0.8] [0. 4 ,0.6] [0. 6 0.7] )
7 ) él ) )

{0.1;0.6;0.1}  [0.1,0.4] }) ({0.3,0.2,0.3} { [0.3,0.7] })
T9 ? 53

{0.2;0.1;0.1} [ [0.2,0.5] [0.1,0.7]
T11 ’ Ly 0 4s

{0.3;0.4;0.1}  [0.1,0.5] ({0 1;0.1,0.5} { [0.2,0.9] })
T12 ) 2 T13

{0.2;0.4;0.4} [ [0.3,0.6] [0.2,0.8]
Ti5 ’ £y 7 L2 ’

{0.2;0.5;0.1} [ [0.8,0.9] [0.3,0.5]
T16 ’ £y 7 Ay )

{0.2;0.5;0.1}  [0.5,0.8] })
T14 ) £y

Definition 7.37. (U, Fp—ivifhs, 0) is called picture fuzzy parameterized interval-valued intuitionistic fuzzy
hypersoft set (PFPIVIFHS-set) over U and is defined as

(Opfp—ivifhs: 0) = {

{Om(s )ON(C) OI(C)} {0m();iOn(s)}
z

Opm(s), ON( ), Oz(s )E I, 0m(<), On(s) € C (1)

16 €0,

}

where O, O and Oz are truth-ness, false-ness and indeterminacy of membership function O : & — [ such
that O p(+Opn+ Oz < 1 and Oy and Oy are truth-ness and false-ness of approximate function O :  — P(U)
of PFPIVIFHS-set with condition that the sum of upper bonds of Oy and Q remain less than or equal to

1.

Example 7.38. Consider Example The PFPIVIFHS-set (Uptp—ivifhs,0) is given by

(Upfp—ivifh57 6) =

{0.2;0.3;0.1} [ [0.4,0.5;[0.3,0.4] [0.2,0.3];[0.5,0.6]
1 ’ 1 ’ {3 ’
{0.4;0.3;0.1}  f [0.2,0.4];[0.2,0,3] {0.3;0.3,0.2} { [0.4,0.5];[0.3,0.4] })
T2 ? éz ? T3 E4 )
{0.3;0.4;0.2} [ [0.3,0.6]; [0 1,0.3] [0‘1,0‘3];[0‘3,0.4] [0.1,0.3];]0.3,0.6] })
T4 ’ ’ Ly L5 ’
{0.2;0.3;0.3} f [0.4,0.5]; [0 3,0.4] [0.3,0.5];[0.1,0.4]
T5 ? El ) Eg ?
{0.3;0.1;0.2} [ [0.2,0.3];[0.1,0.4] {0.1;0.2;0.6} { [0.3,0.4];[0.2,0.5]
T6 ? 44 ? T8 [1 ?
{0.1;0.5;0.3} [ [0.5,0.6];0.0,0.2] [0.1,0. 4] [0 2,0. 4] [0.2,0. 4] [0 1,0.5]
T I A ’ ’
{0.4;0.2;0.3}  [0.1,0.4];[0.1,0.3] ({o .2;0.1;0. 3} { [0. 3 0 5] 0 1,0.4] })
T9 ’ L3 T10 ’
{0.2;0.4;0.3} [0.2,0.4];[0.1,0.5] [0.1,0. 2] [0 1,0.7]
T11 ) £y
{0.3;0.5;0.2} f [0.1,0.3];]0.3,0.4] ({0 3;0.4,0.2} { [0.2,0. 6] [0 1,0.3] })
T12 ) 12 T13 )
{0.2;0.2;0.4} [ [0.3,0.4];/0.2,0.4] [0.2,0.5];[0.4,0.5]
Ti5 ’ £y ’ 12
{0.2;0.6;0.1} f [0.2,0.3];[0.3,0.5] [0.4,0.5];[0.3,0.4]
T16 ’ £y ’ Ly ’
{0.2;0.1;0.1} { [0.3,0.4];[0.2,0.3] })
T14 ) £y

Definition 7.39. (U, rp—ivnhs, 0) is called picture fuzzy parameterized interval-valued neutrosophic hypersoft

set (PFPIVNHS-set) over U and is defined as

{Pr(s); PN(c) Pz(c)} {Pra(S)iPr(s)iPr(s)}

(Bpfpfivnhsa 3) = {

https://doi.org/10.54216/IJNS.200209
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Pmls), PN( ) Pz(s )GI»PM( ), Pr(<),

) 16 €0,
Pi(s) € C(I)

}
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where Ppq, Par and Pz are truth-ness, false-ness and indeterminacy of membership function P : & — I such
that Pyq + Pn + Pz < 1 and Py, Py and Py are truth-ness false-ness and indeterminacy of approximate

function P : & — P(U) of PFPIVNHS-set.

Example 7.40. Consider Example The PFPIVNHS-set (Upfp—ivnhs, 0) is given by

(Upfp—imi,hsa 6) -

{0.2:0.4;0.1} { [0.4,0.5]5[0.2,0.6];[0.3,0.4] [0.2,0.3];[0.5,0.9]:(0.1,0.2]
T1 ’ £y ) L3

)

T2 ’ 12 T3

Ly

{0.4;0.2;0.1} [0.2,0,4];[0,4,0,8];[0,2,0,3]} {0.3;0.2,0.1} {[0.4,0.8];[0.6,0.7];[(].3,().5]
) 7

)

{0.3;0.2;0.1} { [0.3,0.6];[0.3,0.8];[0.0,0.1] ~ [0.1,0.3];[0.3,0.7];[0.4,0.8] [0.1,0.7];[0.3,0.6];[0.0,0.5]
) )

)

T4 ’ 53 Z4 25
{0.2;0.4;0.3} f [0.4,0.5];[0.0,0.1];[0.3,0.6] [0.3,0.7];[0.0,0.5];[0.1,0.6]
T5 ? [1 ) 52 ’
{0.3;0.3;0.2}  f [0.2,0.3]5[0.1,0.5];[0.6,0.9] {0.1;0.1;0.6}  f [0.3,0.4];[0.1,0.4];[0.2,0.6]
T6 ? Z4 ? T8 ’ Zl
{0.1;0.2;0.1} [ [0.5,0.7];[0.3,0.6];[0.0,0.5] [0.1,0.4];[0.3,0.8];[0.0,0.4] [0.2,0.4];[0.4,0.9];[0.1,0.4]
T7 ) 2 ’ 03 ) U5
{0.4;0.0;0.4} f [0.1,0.5];[0.2,0.6];[0.1,0.3] }) {0.2;0.3;0.3} { [0.3,0.5]5[0.2,0.4];[0.2,0.7] })
To ’ [ ’ T10 ’ £ ’
{0.3;0.3;0.3} J [0.2,0.4];[0.2,0.6];[0.1,0.9]  [0.1,0.5];[0.2,0.4];[0.1,0.7]
Ti1 ’ 4y ’ L5 ’
{0.2;0.1;0.2} { [0.1,0.3];]0.3,0.7];[0.7,0.8] ({0.3;0.1,0.3} { [0.3,0.6];[0.5,0.8];]0.1,0.4] })
Ti2 ’ 12 ’ T13 ’ L3 ’
{0.5;0.1;0.4} [ [0.3,0.7];[0.2,0.4];[0.4,0.6] [0.5,0.8];[0.1,0.5];[0.6,0.7]
T15 ’ £y ? Lo ’
{0.1;0.7;0.1}  f [0.2,0.5];[0.4,0.5;[0.1,0.5] [0.4,0.7];[0.3,0.5];[0.2,0.4]
Ti6 ) 1 ) [ )
{0.2;0.4;0.1} { [0.3,0.6];]0.2,0.6];[0.1,0.4] })
T14 ’ 01

)

Definition 7.41. (Up,fp—ivpshs,0) is called picture fuzzy parameterized interval-valued picture fuzzy hyper-

soft set (PFPIVPFHS-set) over U and is defined as

(Upfpfivpfhm 6) = {

{OM();ON($)iQz ()} {Qui($):Qn(s);Qu()} . ced
S ’ z . 9
Om(s), Qn(s), Qz(s) € 1, Qui(s), Qn(s), Qu(s) € C (1)

}

where O, Onr and Q7 are truth-ness, false-ness and indeterminacy of membership function Q : & — [ such
that Oaq + On + Q7 < 1 and Qy, Qn and Qq are truth-ness false-ness and indeterminacy of approximate
function Q : 3 — P(U) of PFPIVP FHS-set with condition that the sum of upper bonds of Qp, Qy and

@y remain less than or equal to 1.

Example 7.42. Consider Example The PFPIVPFHS-set (Opfp—ivpfhs,0) is given by

(Upfp—ivptha 5) =

{0.2:0.7;0.1} [ [0.4,0.5};0.0,0.1);[0.3,0.4] [0.2,0.3]:[0.3,0.5]:[0.1,0.2]
T1 ’ £y ) L3

)

T2 b ZQ T3

{0.4;0.5;0.1} [0.2,0.4];[0.1,0.3];[0.2,0,3]} {0.5;0.4,0.1} [ [0.1,0.4];[0.0,0.1];[0.3,0.5]
b b

£y

)

T4 ’ L3 Ly
£0.2;0.3;0.1} [ [0.4,0.5];[0.0,0.1];[0.3,0.4] [0.6,0.7]:[0.0,0.1];[0.1,0.2]
T5 ’ £y ’ 23

(5

Te ’ Ly T8

4y

{0.1;0.4;0.2} [0.1,0.3];[0.1,0.3];[0.1,0.3]}) {0.5;0.3;0.2} {[0.1,0.4];[0.1,0.3];[0.2,0.3]

{0.5;0.4;0.1} f [0.3,0.4]5[0.3,0.5);[0.0,0.1] ~ [0.1,0.2];[0.3,0.4];[0.1,0.2] [0.1,0.2];[0.3,0.5];[0.0,0.1]
) b
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{0.5;0.2;0.1} [ [0.5,0.6];[0.2,0.3];[0.0,0.1] [0.1,0.3];[0.3,0.5];[0.0,0.1] [0.2,0.3];[0.4,0.5];[0.1,0.2]
T7 ? €1 ’ 23 ) fg,
{0.4;0.1;0.4} { [0.3,0.4];[0.2,0.4];[0.1,0.2] ({0.2;0.4;0.3} { [0.3,0.4];[0.1,0.2];]0.2,0.3] })
T9 ’ L3 ’ T10 ’ 4 ’
{0.3;0.1;0.3} [ [0.3,0.4];[0.2,0.3];[0.1,0.2] [0.1,0.2];[0.2,0.3];[0.1,0.2]
T11 ’ 01 ’ 75 5
{0.4;0.3;0.2} { [0.1,0.2];[0.3,0.4];[0.1,0.3] }) ({0.3;0.3,0.3} { [0.3,0.4]3;[0.0,0.3];[0.1,0.2] })
T12 ’ Lo ’ Ti3 ’ U ;
{0.5;0.1;0.2} [ [0.3,0.4];[0.2,0.3];[0.0,0.1] [0.5,0.6];[0.1,0.3];[0.0,0.1]
T15 ’ 0y ) 12 s
{0.1;0.2;0.5} [ [0.2,0.3];[0.2,0.5];[0.1,0.2] [0.6,0.7];[0.0,0.1];[0.0,0.1]
T16 ’ £y ? Ly ’
{0.4;0.4;0.1} f [0.3,0.4];[0.2,0.3];[0.1,0.2] })
T14 ) £y

)
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8 Conclusion

Under the IV F'HS-set environment, basic set laws, aggregation techniques, and fundamental features are
described in this paper. Furthermore, possible hybrids of the F'H S-set for interval type data are examined.
More hybrids with cubic set, expert set, rough set etc., as well as algebraic structures like H S-matrices,
H S-relations, H S-functions, H S-functional spaces, H S-topological spaces, HS-groups, H S-rings and H S-
vector spaces may be developed in the future with interval settings.
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