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Abstract. Theory of picture fuzzy soft set and generalized picture fuzzy soft sets(GPFSS) extended to picture
fuzzy hypersoft sets (PFHSS) and generalized picture fuzzy hypersoft set (GPFHSS) respectively handle the
uncertainties and multi-attribute values in the material during evaluation. The main focus of this research work
is to initiate and learn new operations, along with properties and examples of PFHSS and GPFHSS. Several
basic operations PFHSS are defined and also prove De Morgans laws for PFHSS. Furthermore, we construct
an algorithm using GPFHSS and a new expectation score function for the positive value of the score function
that is useful for ranking different MADM problems. We conclude from this study the proposed outlook used

to manipulate the uncertainties and multi-attribute values decision-making problems.
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1. Introduction

Many researchers are intrigued by the Molodtsov [1] softset (S;) for specific applications in
data analysis, cryptography, and distributed storage. Later, the work was expanded upon and
some of its foundational ideas and set-theoretic operations were examined by Maji et al. [4]
and Zou et al [5]. Picture fuzzy set was proposed by Couge [6]. Positive, neutral, and negative
degree are the elements of PFS. Later Yang et al. [7] combine picture fuzzy set and soft set
and introduce the new concept of picture fuzzy soft set. In 2018, the theory of the HS set was
introduced by Smarandache [16]. It is an extension of a soft set. The basic operations of a
HS such as HS containments, Zero HS, aggregation operators along with HS set relation, sub
relation, complement relation, function, matrices, and operations on HS matrices discussed by
Saeed et al. [17]. In 2020 Raman et al. [23] offers the concept of a hybrid HS set structure of
FS, IFS and Neutrosophy sets. The concept of convexity and concavity on a HS set proposed
by Rahman et al. [24] in 2020.
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1.1. Literature Review

In 1965 [2], Zadeh’s fuzzy set theory brought about a significant generalisation in math-
ematics. The membership function aids in the invention of the FS structure. By including
a non-membership function, Atanassov [3] extended a fuzzy set structure to an intuitionistic
fuzzy set in 1986. IFS lessens the challenges associated with dealing with fuzzy, uncertain,
and incomplete information. A soft set theory for solving problems involving uncertainty and
decision-making was developed by Molodtsov [1]. By fusing the ideas of soft sets and fuzzy sets,
Maji et al. [4] produced fuzzy soft Sets. PFS was developed by Coung et al. [6] to deal with
inconsistencies in real-world data. Favorable , neutraland negative degreemake up PFS.Voting
is a PFS example, as is the process of conducting elections. To deal with ambiguity, Smaran-
dache [16] developed a novel method. He made the soft to HS more general by breaking the
function down into several decision functions. In 2019 Jaber et al. presented an algorithm
with the help of extended intersection of GPFS and PFDWA for solving MADM problems.

NO || Structure Authors Year | Properties
01 || Fuzzy Set Zadeh [2] 1965 | Each individual in universal set is assign
to membership value between [0,1].
02 || Intuitionistic Fuzzy Set | Atanassov | 1983 | It describes the membership degree and
13] non-membership degree of an element to
a set.
03 || Soft set Molodtsov | 1999 | It deals with uncertainy in parametric
11 manner.
04 || Fuzzy Soft set Maji et al | 2001 | Fuzzy values are assign to each power set
4] of universal set.
05 || Picture Fuzzy Set Cuong [?] | 2013 | Handling issue of inconsistent informa-
tion.
06 || Picture Fuzzy Soft Set | Yang [28] 2015 | combination of PFS and SS.
07 || Hypersoft sets Smarandache 2018 | Extension of SS.
19
08 || Fuzzy Hypersoft Set Yolcu et al | 2021 | Each element in power set have a fuzzy
membership degree.
09 || Intuitionistic Fuzzy Hy- | Yolcu et al | 2021 | Combination of intuitionistic Fuzzy set
persoft Set [36] and Hypersoft Set.
10 || Generalized Picture | Jaber et al. | 2019 | Hybrid modal of PFSS and PFS in which
Fuzzy Soft set 125] extra information is given in form of PFS
in output for accuracy of results in deci-
sion making.
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1.2. Motivation

The concept of IFS invented by Atanassov [40] has membership and nonmembership degrees.
IFS was not playing a role in handling inconsistency-like voting problems. Overcomes such
types of difficulties Cuong [ [6], [?]] defined the notion of PFS and basic operations, opened a
new area of research in decision-making problems. An important hybrid modal that generalized
SS to PFSS discussed in [7] obtained effective outcomes in DM. In [29] generalized picture
distance measure is used to investigate hidden knowledge from a mass of data sets. In 2017
Peng et al. [13] proposed an algorithm using distance measure between PFS.

In 2018 HSS defined by Smarandache [16] which is a generalization of SS by transforming the
mapping into a multi-attribute mapping. Saeed et al. |[17] gave an idea of fundamentals of
HS like union, intersection, containment, null, and compliment. The concept of HS points
introduced by Abbas et al. [18]. Yolcu et al. extend the idea of HS to FHS and IFHS. They
also discussed the role of FHS and IFHS in decision-making problems. With the help of IFHS,
an algorithm developed by Zulgernain et al. for the solution of MADM problems [22]. Rehman
et al. [23] proposed the idea of HS with the complex fuzzy set also introduced the theory of
concave and convex HS [24]. The main motivation of using Hypersoft Set (HSS) is that when
the attributes are more than one and further bisected, the circumstance of a soft set cannot
handle such types of cases. So, there is a worth requirement to define a new approach to solve
these. Decision-making methods help experts to choose a suitable alternative by analyzing
the effectiveness of the alternatives. Having motivation from the work in [25], we extend the
existing theory of PFSS to PFHSS to make it adequate for multi-attribute valued function.
All the new proposed operations and properties are equipped with illustrated examples.

In section [2| our center of attention are some basic definitions which are useful in this paper.
Section [3] the concept of a PFHSS with its properties is presented. In Section [] and [5] we
present definition of GPFHSS and operation of GPFHSS understand by an example. In Section

[6] and [7], an algorithm is examined and ranking the companies. Section [9] wind up the paper.

2. Preliminaries

In this section, we define basic definitions of IFS, PFS, SS, HS, PFSS, Score function and
PFDWA.
In 1986 Atanassov [40] include non membership function in fuzzy set obtained IFS. It

overcomes defects of fuzzy sets.

Definition 2.1. [40]

An IFS X on universe of discourse X = {5}, 255, ....., 2%, } is defined as :

Ly, = {{iigs (23), Vg (23,)) |2, € X}
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where ji< (2;) : X — [0,1] denotes membership degree of zj; in LS, vgs (23;) + X — [0,1]

is non membership degree of 25, in LS, and 0 < fips (@) + Vg (2h) < 1, Vay, € X mpe (a3,) =

7

1—jigs (%;) — Vs (2;) represent hesitancy degree of zj; in LS Va5, € X, 0< Tie (2;) <1

In 2013 coung [42] introduced PFS to solve inconsistent information in real life. The proce-

dure of voting is a good example to understand the concept of PFS.

Definition 2.2. [7]

A PFS on universe of discourse X = {z¢, 5, } is defined as:

K1y ¥KR29 2o ’ f@n

Ny = {linvg, (30) i, (23), g, (), € X}

where jiys (z5;) : X — [0,1], dins, (25;) : X — [0,1] and Dyg, (3;) : X — [0, 1] represent
degree of membership, neutral and non membership function zj,; in Ny, respectively. Also
0 < jing, (@) +iing, (T5;) + Ong, (a3;) <1, Vag,; € X,

pns, (x5;) = 1 — fins, (25;) — fins, (T5;) — Uns, (75,;) represent refusal membership degree of 3,
in N, , Va,, € X The set of all picture fuzzy subsets on universe of discourse N is denoted
by PFSs(X).

Some basic operations of PFS is discussed as follows

Definition 2.3. [?]
The operations between two PFS Ng, = {(jins,(9),7ins,(9), Uns,(9))|lg € X} and N§, =
{(iing, (9):7ing, (9), g, (9))|g € X} given as follows:
(i) Ngy © Nyoiff fing, (9) < fing,(9) 5 fing, (9) <iing,(9) and Png (9) = Png, (9)
Ng, = Ng, iff Ni; € Ng, and Ny, € Ny
(i) N UNgy = {(g, (ing, (9) Viing, (9))), (9; Ging, (9) Ning, (9))), (9, (g, (9) Awg, (9)))}
(ili) Ny NNy = {(g; (iing, (9) Niing, (9))): (9: Ging, (9) Niing, (9))), (9, (Png, (9) Vg, (9))) }
(iv) let  Ngy = {(iing, (9):ing, (9), O, (9))|g € X} then
Nt = {(Ong, (9):7ing, (9), g, (9))|g € X}
New scientific instrument SS, introduced by Molodtsov [1] in which parametrization helps

to manage uncertainties.

Definition 2.4. [1]
A mapping F : A — P(U)

(F,A) is called a soft set over U, where A is set of parameters.
In 2015 Yang et al [28] proposed PFSS which is combination of PFS and SS.

Definition 2.5. |[2§]
Let £ is parametric set. Consider a function F : A — PF(U), where A C £ and PF( U) is
power set of PFS over U then pair (F,.A) is representation of PFSS. .
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In 2018 HSS defined by Smarandache [16] which is generalization of SS by transforming the

mapping into a multi-attribute mapping.

Definition 2.6. [16]

Suppose n distinct attributes are by,0bo,...... ,b,, for b > 1, then for each attributes
01> Doy eoeey Qs with Q% Q5. = ¢, @ # j, and r,s € {1,2,....,n} are corresponding

attributes. The pair (H, @5, x Q5o X ..... x Qs ),

where H : Q5| x Q5o X ... x Q. — P(U) represent Hypersoft Set over U.

Chen and Tan [41] proposed an idea of score function which plays an important role to

handle multicriteria fuzzy decision-making problems.

Definition 2.7. [41]
Let H(xfﬂ) = (u(xy,;),n(zy,), v(zs,)) be PESV. T and A denotes the score and accuracy func-

tions respectively.

T = pel,) - viag,) Te[-11]

K1

A = p(xyy) +n(y;) +v(zy;) Ael0,1]
Jana et al [27] introduced Dombi aggregation operators in PFS sense for MADM problems.

Definition 2.8. [27]
let H(xs,;) = (u(xs,), n(zs,), v(zs,)) be PESV then the function P* — P is called PFDWA
such that

=N
PEDW Ayy(5, 05, -25,) = Y Wit
=1

— (1 o 1 . ’ 1 . 1 )
i=n Tgq i=n 1-n(zy; ) i=n 1—v IZ'L
LT Wi (P Ry T (T Wi ()M T Wi (s Ry

For each W; > 0 and ) ;' W; =1

3. Picture Fuzzy Hypersoft Sets

In 28] hybrid model of PFS and SS is defined. In this section we introduce PFHSS is an
extension of PFSS which helps for paying crucial role in decision making for multi attribute

characteristic.

Definition 3.1. Picture Fuzzy Hypersoft Sets

Suppose m disjoint attribute-valued sets are py,, pyy, Pjs, -5 Py, then their corresponding m
distinct attributes are By, Py, B, ..., B’ respectively and P! = By X Py X Pilg X ... X
Pg, .. A mapping is given by H - P} — PF(U)

H(ty) = {<,U7Lz(tg)(jgi)aUﬁ(tg)(jgi)7V#(tg)(jgi)>|(jgi) €U}t for any ty € B
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then pair (H, P) represent PFHSS.

Example 3.2. Consider (#,P) be PFHSS over U. Let U = {3815 389> J8 5, 35 4+ be four schools
any where in World. let E = {aq, a2, a3, as} where each a; stands for Fee Structure , facilities
, faculties and labs be the attributes values respectively, {A1, Aa, A3, A4} be attribute values
against each a;. let Ay = {b;; = low, bjo= medium , b;3 = expensive }
Ay = {ba1 = playgrounds, boe= library, bss = cafeterias, bes = bookshop, by =
{b21, b2z, ba3, baa } }
Az = {bs1 = Science and Arts teacher, bz = Oriental teacher, bss = Physical education
teacher, bgy = {bs1, bs2, b3s}}
Ay = {bg1 = Science labs, byo = Computer lab, byz = {bg1,b42}}
then

= Ay x Ay x A3z x Ay

There are one hundred eighty outcomes but for simplicity we take only four outcomes.

Fo ty, = (b11,b21,b31,041), 155 = (b12, b25, b34, ba3),
" tys = (b12,b22,b31), 1}, = (b11,b2s, b34, ba3),

(tl‘jl) = {(0.7,0.1,0.1) /4§, (0.3,0.2,0.4) / ji',, (0.1,0.5,0.3) / ji'5, (0.4,0.1,0.3) /3¢, },

G L) = H(ty,) = {(0.6,0.1,0.2) /¢, (0.4,0.1,0.3) /5f'y, (0.7,0.1,0.1) /54, (0.2,0.5,0.2) /3t },
: H(ty,) = {(0.2,0.3,0.5)/j¢,,(0.1,0.1,0.6) /¢, (0.2,0.1,0.7) /5i'4, (0.8,0.1,0.1) /5, },
H(tg,) = {(0.3,0.2,0.4) /5¢,, (0.5,0.1,0.3) /5f, (0.1,0.5,0.3) /{4, (0.2,0.1,0.7) /5¢, },

The PFHSS is represented by Tab [1]

TABLE 1. Picture Fuzzy Hyper soft Set

u t5y ths ths th 4

o, (0.7,0.1,0.1)  (0.6,0.1,0.2) (0.2,0.3,0.5) (0.3,0.2,0.4)
joy (0.3,0.2,0.4) (0.4,0.1,0.3) (0.1,0.1,0.6) (0.5,0.1,0.3)
jts (0.1,0.5,0.3) (0.7,0.1,0.1) (0.2,0.1,0.7) (0.1,0.5,0.3)
¢, (0.4,0.1,0.3) (0.2,0.5,0.2) (0.8,0.1,0.1) (0.2,0.1,0.7)

Definition 3.3.
Let (H1, Ng,) and (Hz, NS,) be two PFHSS then (H1, Ns,) C (Ha, NS,) if N5, € NS, and
Hi(tg) C Hao(ty) for all tf € N,
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Example 3.4.
ﬁl(tl‘jl) = {(0.3,0.1,0.3) /45, (0.4,0.2,0.3) / ji',, (0.1,0.4,0.3) / ji5, (0.2,0.1,0.3) /3¢, },

(7:11,N,§1) = 7:[1(t§;3) = {(0.3,0.1,0.4) /45, (0.5,0.1,0.3) /ji5, (0.1,0.3,0.5) /55, (0.4,0.1,0.3) /58, },
7:[1(t‘g4) ={(0.2,0.3,0.4)/37,,(0.5,0.1,0.3) /4§, (0.1,0.2,0.6) / ji'5, (0.4,0.1,0.4) /55 , }
and
?:Lz(tgl) = {(0.5,0.2,0.1)/53,,(0.5,0.3,0.1) /5¢,,(0.3,0.5,0.1) /5§ ;, (0.4,0.3,0.2) / ;' , },
(7:12,N,§2) = 7:[2(25‘;3) = {(0.5,0.2,0.2) /5y, (0.6,0.2,0.1) /5;'5, (0.3,0.4,0.1) /¢, (0.5,0.2,0.2) /5§, },
7:[2(t§4) = {(0.4,0.4,0.1) /54, (0.6,0.2,0.1) /5;',, (0.5,0.3,0.2) /5;'5, (0.5,0.3,0.1) /3¢’ , }

be two PFHSS.
This implies that (H1, N$;) € (Ha, N5,).

Definition 3.5.
The extended union of two PFHSS (’I;ll,N,gl) and (7:127]\7,22) is defined as (#3,]\723) =
(H1, Ng,) Ue (Ha, NS,), where N5, = N5, U NS, and for all tf € N,
Halty), if ty € Ny \ Nyy
Ha(th) = § Haltg), if t§ € Ngy\ Ni,
Hi(t) UHo (1)) if t¢ € N5, N Ng,

Example 3.6. Considering example [3.4] we have

7:[3(#;1) = {(0.5,0.1,0.1) /4§, (0.5,0.2,0.1) /5;',, (0.3,0.4,0.1) /55, (0.4,0.1,0.2) /3¢, },
(H3,C) = Hs(ty4) = {(0.5,0.1,0.2) /47, (0.6,0.1,0.1) /5¢,,(0.3,0.3,0.1) /5§ 4, (0.5,0.1,0.2) / ji' , },
Hs(ty,) = {(0.4,0.3,0.1)/47,,(0.6,0.1,0.1) /5¢,,(0.5,0.2,0.2) /5¢4,(0.5,0.1,0.1) /55 , }

Definition 3.7.
The extended intersection of (#;, A) and (Hz, B) is defined as (Hy, C) = (H1, A) Ne (Ha, B),
where C' = AU B and for all tj € C,
Hi(ty), iftie A\B
Ha(ty) = § Ha(tp), if tyeB\A
Hi(t) N Ha(ty) if t§ € ANB
Example 3.8. In example we get
7;24(tg1) = {(0.3,0.1, O.3>/jg1, (0.4,0.2, 0.3)/]'?2, (0.1,0.4, 0.3>/j53, (0.2,0.1, 0.3>/jg4},
(H4,C) = 7’[4(#;3) = {(0.3,0.1, 0.4>/jgl, (0.5,0.1, 0.3>/j1?2, (0.1,0.3, 0.5>/jg3, (0.4,0.1, 0.3>/jg4},
H4(t§4) = {(0.2,0.3, O.4>/jgl, (0.5,0.1, O.3>/jg2, (0.1,0.2, 0.6>/jg3, (0.4,0.1, 0.4>/jg4}
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Definition 3.9. The restricted union of (#1, Ng,) and (Ha, Ng,) is defined as (Hs, N53) =
(F1,NS,) Uy (Ha, N5,), where NSy = NS, N NS, # 0 and for all & € N3,

Example 3.10. From example we get

7:[3(15‘;1) = {(0.5,0.1,0.1) /53, (0.5,0.2,0.1) / ji'5, (0.3,0.4,0.1) /5;'4, (0.4,0.1,0.2) /3¢, },
(H3,C) = Hs(t} 3) =1(0.5,0.1,0.2) /5¢,,(0.6,0.1,0.1) /5, (0.3,0.3,0.1) /554, (0.5,0.1,0.2) / ji' , },
Hg(tb4) {(0.4,0.3,0.1) /5§, (0.6,0.1,0.1) /5;',, (0.5,0.2,0.2) /5;'4, (0.5,0.1,0.1) /3¢, }

Definition 3.11. The restricted intersection of (1, Ng;) and (Haz, NS,) is defined as
(Hs, NS3) = (Hi, NS)) Ny (Ha, NS,), where NS, = NS, N NS, # 0 and for all tf € NS,

Example 3.12. Example implies that

7:[4(75‘;1) = {(0.3,0.1,0.3)/j3,,(0.4,0.2,0.3) /45 ,, (0.1,0.4,0.3) /5§ 5, (0.2,0.1,0.3) / 5 , },
(Ha,C) = Ha(t] 3) = {(0.3,0.1,0.4) /54, (0.5,0.1,0.3) /55, (0.1,0.3,0.5) /5§ 5, (0.4,0.1,0.3) / 5i' , },
H4(tb4) {(0.2,0.3,0.4) /3§, (0.5,0.1,0.3) /ji'5, (0.1,0.2,0.6) / j;' 5, (0.4,0.1,0.4) /¢, }

Definition 3.13. If (#, LS) be PFHSS then
(H, P)' = (Wi U5 s Wgegy (83): e (G5 D1 (G) € U for any 15 € L,
Example 3.14. If
(H,N)) ={ H(tg) = {(0.7,0.1,0.1) /3¢, (0.2,0.5,0.2) /54, (0.6,0.1,0.2) /5, (0.4,0.1,0.3) /5 }, }
then
(H,NS,) = { H(te) = {(0.1,0.1,0.7) /58, (0.2,0.5,0.2) /s, (0.2,0.1,0.6) /5, (0.3,0.1,0.4) /& }, }

Remark 3.15.

Next, we check validity of the De Morgans laws in PFHSS with respect to extended, union

and intersection.

Theorem 3.16. If (Hi, N5,) and (Ha, NS,) be two PFHSS over U. Then

(1) (H1N2p) Ue (o, Nigp))' = (i, Ngp)' Ne (Ha, Ngy)'
(i) (i, N3p) Ne (Ha, Ngp))' = (i, Ngp)' Ue (Ha, Ngy)'

Proof. (i) Since
(H3, NS3) = (Hi, NS,|) U (Ha, NS,), where NS, = NS, U NS,
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/

Then (H3,Ng3)' = ((H1, Ng;) Ue (Ha, N5y))

Ha(ty), if t € Nop \ Ny
Hs(th) = Ha(tp), if t§ € Ngy\ Ny
) = {

Hi(t8) UH2(t8) if t§ € N5, N NS,

for all tj € Ng5 then

(7;21(75?))/7 if 1 € Ngy \ Niy
(Ha(ty)), if t§ € N5, \ N,

(Ha(t) UH2(t))) if 1§ € Ny N NS,

(Hs(tg

Since De Morgans laws hold in Picture Fuzzy Soft set

'. Falt). if t € N \ N5, "
(Hs(ty)) =< (Ha(td)) if ty € Ngo\ Ngy € (H3, Ngg)

(Ha(tg)) N (Ha(t])) if ty € Ngy N Ngy

’
)
/ ’
)
’

Suppose (Ha, NS3) = (H1, N5,) Ne (Ha, NS,)', where NS, = NS, UNS,  for all tf € N,

. (Fu(8)), if 8 € Niy \ Ny .
(Ha(t§)) = | (Ha(8))'s if £ € Niy \ Ni,y € (Ha, N3s)
(L)) 0 (Ha(t5)) if £ € Niy 0 N

’

This Implies
((7:[17]\7/51) Ue (#27]\[122))/ = (illvNiil)l Ne (#27]\7/52)/
(ii) Since
(Ha, Ni3) = (1, Nyy) Ne (Ha, Nip), where Ny = Ng; U N,

/

then ((?:[47N/23))/ - ((ﬁl?Nél) Ne (#27]\[’22)) ’

) Hi(tg), if tf € Ngy\ N5,
Ha(ty) = § Ha(tg), if t§ € N5y \ N§y
Ha(tg) N Ha(ty) if tg € N5y N Ns,

for all 1y € Ngg

. / (ﬂl(tg))/, if 1€ N5, \ NS,
(Ha(t])) = (Haltg)), if t§ € Nyy\ N5,

(Ha(t8) NHa(t7)) if t8 € N5y NN,
As we know that
(Ha(t8)), if t§ € N5y \ Ng,
(Ha(th)) = (Ha(td))', if t§ € Niy \ N5, € (Ha,Ngs)
(Ha(t9) U (Ha(t)))" if t§ € N5, N NS,
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Suppose (Hy, N53) = (H1, NS,) Ue (Ha, NS,)', where NS; = NS, UNs,  for all tf € N,
(Ha(t}))', if tg € Ng; \ Ngy
(Ho(t)) = § (H2(t))', if tg € Ny \ Ng, € (Ha, Ng3)
(Ha(t§)) U (Ha(tf))" if ty € Ng; N N3,
Hence

((7:[17]\7;21) Ne (?:[27NI§2))/ = (f’qlvail)l Ue (7:[27Nf§2)/

We want to prove De Morgans laws for restricted union and restricted intersection in PFHSS.

Theorem 3.17.

(i) (1 N3p) Up (H2, Ngp))' = (Ha, Ngp)' 0 (Ha, Niy)'
(i) ((H1, Ngp) N (H2, Ngp))' = (Ha, Ngy)' U (Hz, Niy)'

Proof. (i) Since Ng3=Ng NNg, # 0 and
(Hs, Nig) = (Hi, Ngy) Ur (H2, Nyy)  then
(7:[57N2 ) ((Hl, nl) Uy (H% ))l
for all tjf € Ngq ”Hg,(t“) Hl(ta) Uy 7—[2(75 ) since De morgan law hold in PFSS
Therefore (Hs(t8)) = (H1(td)) Ny (Ha(td)) € (Hs, Ng3)'
Suppose (He, Nyg) = (H1, Ngy)' 0 (Ha, N3y)'
He(t) = (Ha(tg)) Ny (HQ(ta))’ for all t € NS, where NS, = N5, U NS,
hence
((7:[1,14) Uy (7:[2,3))/ = (7:[1,14), Ny (7;1273),
(ii) Straightforward

4. Generalized Picture Fuzzy Hypersoft Sets

In this section, we describe an extension of PFHSS. It is a hybrid modal of PHSS and
PF'S known as generalized picture fuzzy hypersoft set (GPFHSS). GPFHSS has a character in
decision-making exertion, when taking an important decision according to the given attributes

it will minimize evaluation, and output will be in the form of PFS.

Definition 4.1. Generalized Picture Fuzzy Hypersoft Sets

Suppose Ny, Ngo, Ngg, ..., N;,. be disjoint attribute-valued sets corresponding to m distinct
attributes py,, pjy, Phgs -+ Py, TESPectively and P = Ng; X Ngy X Nigg x ... X Ng . A triplet
(7:[, P, ®) is called a generalized picture fuzzy hypersoft set (GPFHSS), where ® is a mapping
given by ® : P — £(P). where £(P) is the set of all picture fuzzy hypersoft subsets of P

and is called parametric picture fuzzy hypersoftset of GPFHSS.
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Example

4.2.

Considering

example

(H, L) is

® = {(0.2,0.1,0.1)/t¢,, (0.5,0.2,0.1) /2, (0.7,0.2,0.0) /%, (0.6,0.2,0.1) /¢ }

where @ is an extra viewpoint of a arbitrator on the general standard of work done to check

out alternatives on the basis of given multi-attributes.

TABLE 2. GPFHSS

u thy tho ths thy

o, (0.7,0.1,0.1) (0.4,0.2,0.1) (0.2,0.3,0.5) (0.6,0.2,0.1)
¢y (0.3,0.2,0.4) (0.5,0.2,0.1) (0.6,0.1,0.2) (0.3,0.2,0.4)
jts (0.5,0.3,0.2) (0.7,0.1,0.1) (0.2,0.1,0.7) (0.6,0.2,0.1)
¢, (0.6,0.1,0.2 (0.5,0.3,0.1) (0.4,0.1,0.1) (0.5,0.1,0.2)
& (0.2,0.1,0.1) (0.5,0.2,0.1) (0.7,0.2,0.0) (0.6,0.2,0.1)

PHSS

and

Definition 4.3. let V; = (Hy, NS, ®1) and Vo = (Ha, NSy, ®2) be two GPFHSS over U.
Then V; C Vs if
(i) (H1,N5p) C (Ha2, N3y)
(i1) (pa, ey Uhs) < (Haaqee) (o) » (Mayee) Up's) < Magieey (Ub) » (Vay o) Up ) = (Ve ee) (d5'5)

Definition 4.4. Two GPFHSS V; = (H1, N5, ®1) and Vy = (Ha, NSy, B2) over U are said

to be equal if H; = H , N = Ngy and @1 = Ps.

Definition 4.5. let V| = (7:[1, Ny, ®1) be GPFHSS then the complement of V; = is denoted
as (V1)¢ and defined as
(V1)¢ = (Hi, NS, ®1)¢ = (Hs, NS5, @3) where (Hs, N55) is compliment of (H1, N$,) and 3

is compliment of ®;.

5. Basic Operation of Generalized Picture Fuzzy Hypersoft Sets

In this section, we introduce some basic operations for GPFHSS.

Definition 5.1. The extended union of two GPFHSS V; = (7;11,N,§1,<I>1) and Vo =

(Hga, NS

K

Vs = (He, NS

9, ®2) over U is denoted by
6 Pa) = (7:'[1,]\7,21,(1)1) U, (ﬁg,N22,<I>2) and defined as

(i) (7:[67N/§6) = (ﬁlvN/il) Ue (#%Néz) where Ngg = Ngy U Ngy
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(i)
pa, (th), if th € Ny \ Ngy
poy(ty) = pa,(ty), if ty € Ngg \ Ng, }
maz(pa, () pa, (L)) if Lt € Ngy NN,
(iii)
ne,(ty), if th € Ngy \ Niy
na,(ty) = na,(th), if t§ € Ny \ Ngy }
min(ne, (t5)ne, (t5)) if ty € Ngy N Ngy
(iv)

v, (ty), if ty € Ngy \ Ngo
Vo, (tg) = Vo, (tg), if t? € NEQ \ Nfgl
min(ve, (th)ve, (t;)) if ty € Ngg NN,

Definition 5.2. The extended intersection of two GPFHSS V; = (#1,N,§1,<I>1) and Vo =
(Ha, NS, ®9) over U is denoted by
Vs = (He, N5g, ®4) = (H1, N5y, ®1) Ne (Ha, NSy, 2) and defined as
(i) (7:[6:N;§6) = (thNél) Ne (,’il?’Nng) where Nyig = Ngy NNy
(ii)
pa, (ty),  if ty € Ngyp \ Ny
pay(ty) = § nao(ty), if tf € N3 \ Ny }
min(pe, (ty)pa, (t5))  if 1 € Ngy NN,

(iii)
ne,(ty), if th € Ngg \ Niy
nes(ty) = § ne,(t5), if 1y € N\ Niy
min(ne, (ty)ne, (ty)) if ty € Ngy N Ng,
(iv)

va, (15), if ty € Ny \ N
ve,(ty) = va,(t8), if t§ € N5, \ N5,
maz(ve, (t;)ve, (ty)) if tj € Ny N Ng,
Definition 5.3. The restricted union of Two GPFHSS V; = (1, N3, ®1) and Vy =
(Ha, NSy, Do) over U is defined as
Vs = (Hs, Nig, ®6) = (H1, N3y, ®1) Uy (Ha, N5
(i) (’H&NES) = (ﬁlﬂNzl) Ur (7:[17Nf§1)
(i) /“Ds(tlo)b) = mal‘(u‘bl (tg)aﬂsz(t?)) ) ncbs(ti‘f) = mm(%l (tg)a’r/qh(tg)) and Vq’s(tg) =

min(ve, (1), Vo, (17))

o, ®2) such that

Definition 5.4. The restricted intersection of two GPFHSS V; = (#1,N21,¢1) and Vo =
(Ha, NS,, ®3) over U is defined as
VG - (7:[97 N,297 @7) - (7:[17N217 ¢1> mT (#27 NéQu (I)Q) such that
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(i) (Ho, Ngg) = 51) N (H1, Ngy)
(ii) M<I>9<tg) ( ) N¢2(tb)) > 77q>9(tg)

max(ve, (1), Ve, (1))

(H17

= min(pe = min(ne, (t;), ne,(ty)) and ve,(ty) =

Example 5.5. Suppose U = {c},;, Cpy, Cr3,Cry} be four hospital. . Let £ = {e1,e2,e3,e4}
stand for organ transplant services, medical and surgical specialties and support services
let A1 = {b11= liver

transplant,bjo = kidney transplant,bj3= corneal transplant,bi4 = {b11, b12,b13}}

whose corresponding attribute values are {Ap, A2, A3} respectively.

Az = {bg1 = medical and surgical clinics, byy = emergency services, bos = diagnostic services,

boa = {ba1, bao, baz}}
As = {b3; = Pharmecy }

then
= Al X AQ X A3
Fo — ty, = (b11,b21,b31,), 1}y = (b14,ba4,b31),
" tys = (b12,b22), ty, = (b12,b31),
F(tg,) = {(0.7,0.1,0.1) /5,1, (0.3,0.2,0.4) /¢S, (0.1,0.5,0.3) /g, (0.4, 0.1,0.3) /5, },
(i EE) = Fite,) = {(0.7,0.1,0.1) /5,4, (0.2,0.5,0.2) /¢S, (0.6,0.1,0.2) /5.y, (0.4,0.1,0.3) /e }.
P g, = {(0.2,0.3,0.5) /5, (0.2,0.1,0.7) /¢S4, 0.1, 0.1, 0.6) /5, 0.8,0.1,0.1) /e ),
Fi(t,) = {(0.3,0.2,0.4) /5.5, (0.5,0.1,0.3) /cS5, (0.1,0.5,0.3) /¢S, (0.2,0.1,0.7) /e, },

In addition, ®; is the PPFS which is given by

o, = {(0.5,0.1,0.2) , (0.8,0.2,0.0) , (0.5,0.2,0.2) , (0.9,0.0,0.0)} Tabular representation of
Vi = (7—[1, <1, ®1) is given in Table
TABLE 3. Vi = (H1, NS,, ®1)

u thy tho ths thy

¢, (0.7,01,0.1) (0.2,0.5,0.2) (0.2,0.3,0.5) (0.2,0.1,0.7)

¢S, (0.3,0.2,0.4) (0.6,0.1,0.2) (0.1,0.1,0.6) (0.5,0.1,0.3)

¢Sy (0.1,0.5,0.3) (0.4,0.1,0.3) (0.8,0.1,0.1) (0.3,0.2,0.4)

¢S, (0.4,0.1,0.3) (0.7,0.1,0.1) (0.2,0.1,0.7) (0.1,0.5,0.3)

& (0.5,0.1,0.2) (0.8,0.2,0.0) (0.5,0.2,0.2) (0.9,0.0,0.0)

F(t2,) = {(0.6,0.2,0.1) /¢Sy, (0.3,0.3,0.4) /¢Sy, (0.1,0.2,0.4) /¢S, (0.5,0.1,0.3) /5., ),
(Hig. £5) = F(t2,) = {(0.7,0.0,0.2) /5,4, (0.2,0.1,0.3) /¢S, (0.8,0.1,0.1) /¢S, (0.6, 0.1,0.3) /e },

o Fi(te,) = {(0.5,0.1,0.2) /55, (0.2,0.1,0.1) /¢S4, (0.4,0.1,0.1) /¢Sy, (0.9,0.1,0.0) /55,
F(te,) = {(0.7,0.2,0.1) /5.4, (0.6,0.1,0.3) /¢S, (0.5,0.3,0.2) /5., (0.2,0.1,0.6) /5,
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In addition, ®5 is the PPFS which is given by
o, ={(0.7,0.1,0.2) , (0.5,0.2,0.1) , (0.6,0.2,0.2) , (0.8,0.1,0.0) } Whose tabular representation

is given in Table

TABLE 4. Vy = (Ha, NSy, ®2)

u t5y tho ths thy

¢.; (0.6,0.2,0.1) (0.2,0.1,0.3) (0.5,0.1,0.2) (0.2,0.1,0.6)
¢.o (0.3,0.3,0.4) (0.8,0.1,0.1) (0.4,0.1,0.1) (0.6,0.1,0.3)
¢.5 (0.1,0.2,0.4) (0.6,0.1,0.3) (0.9,0.1,0.0) (0.7,0.2,0.1)
¢, (0.5,0.1,0.3) (0.7,0.0,0.2) (0.2,0.1,0.1) (0.5,0.3,0.2)
o, (0.7,0.1,0.2) (0.5,0.2,0.1) (0.6,0.2,0.2) (0.8,0.1,0.0)

TABLE 5. Intersection of GPFHSSs

u t5y tho ths thy

¢.; (0.7,0.1,0.1) (0.2,0.1,0.2) (0.5,0.1,0.2) (0.2,0.1,0.6)
¢.o (0.3,0.2,0.4) (0.8,0.1,0.1) (0.4,0.1,0.1) (0.6,0.1,0.3)
¢.5 (0.1,0.2,0.3) (0.6,0.1,0.3) (0.9,0.1,0.0) (0.7,0.2,0.1)
¢4 (0.5,0.1,0.3) (0.7,0.0,0.1) (0.2,0.1,0.1) (0.5,0.3,0.2)
o3 (0.7,0.1,0.2) (0.5,0.2,0.0) (0.6,0.2,0.2) (0.9,0.0,0.0)

In this section of paper we introduce, an expectation score function and an algorithm for

interpreting MADM problems.

Definition 5.6. let H(t?) = (,u#(tg)(:vzi), n#(tg)(:vzi), V#(tg)(xfﬂ» be PFHSV then the expec-

tation score function is define as
.. 2+”7¢l(t§)(mf§ci)+n#(tg)(Ifci)_”#(tg)(l’fﬂ) ..

S(H(ty)) = 3 S(H(ty))

€ [0,1]

Definition 5.7. The Weight vector W(#(t{)) is defined as
W(H(tg)) _ S(HW(:?))

where m = 3" S(H(t})
6. Algorithim

V1 < First GPFHSS
V3 < Second GPFHSS
V1 Ne Vo < Extended intersection of First and Second GPFHSS

S(H(t})) < Compute expected sore function
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W(H(t})) < Compute weight vector
DAPFDV «+Compute Dombi aggregated picture fuzzy decision values
SF + Compute Score Function

Rank < Maximum value of score function is greater.

7. Case Study: Construction Company Problem

A firm want to construct a labor colony for their worker, major qualities to look for
completion of their project are qualities, services, skilled team and equipments. Consider
U = {c51, ¢, Crgy Crys Crs } be be five construction company.

Let E = {e1,e2,e3,e4} stand for qualities, services, skilled team and equipments whose corre-
sponding attribute values are {A1, Ay, A3, Ay} respectively. let Ay = {b;; = Credentials, by
= Experience, b3 = Goodwill and Reputation, b14 = {b11, b12,b13}}

Ag = {be21 = New construction, by = Repair, by = demolition, bay = {ba1, ba2, bas}}

As = {bs1 = builders and architects, bs; = civil engineers }

Ay = {by1 = Modern equipments }

tgl = (bll,bgl,bgl), th = (b14,b24,b31,b41),
Ly = t8y=(bi2,b22), 1§, = (b12,b31),
t§5 = (bn, bao, b31, b42), tgG = (blh b23)7

The CEO makes two groups of members of administration of firm to do the evaluation.. The

set of attributes Ng, = {t},, 1}, 5,

attributes value Ng, = {t¢,,t7,,t7 .,

ty,} observed by first group and second group monitoring
t8:}. Two GPFHSS (H1, N5;, ®3) and (Ha, N§,, 04) are

given in table.

Step: 01
TABLE 6. GPFHSS 1
U t5y tho ty3 th4
¢, (0.5,0.1,0.1) (0.7,0.1,0.2) (0.3,0.1,0.3) (0.3,0.1,0.2)
¢.o (0.3,0.2,04) (0.6,0.1,0.1) (0.5,0.1,0.2) (0.8,0.0,0.2)
¢.5 (0.7,0.1,0.1) (0.4,0.1,0.3) (0.9,0.1,0.0) (0.5,0.2,0.1)
¢, (06,0.1,0.3) (0.8,0.1,0.1) (0.4,0.1,0.1) (0.4,0.3,0.3)
¢.5 (0.4,0.1,0.2) (0.3,0.1,0.5) (0.3,0.1,0.4) (0.7,0.1,0.2)
o3 (0.8,0.0,0.1) (0.6,0.1,0.1) (0.1,0.2,0.7) (0.3,0.1,0.5)
Step: 02  Calculate intersection of GPFHSS 1 and GPFHSS 2.
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TABLE 7. GPFHSS 2

U thy thy ths the

¢, (0.8,0.1,0.1) (0.5,0.3,0.2) (0.4,0.1,0.2) (0.3,0.1,0.3)

s, (0.6,0.1,0.2) (0.5,0.0,0.3) (0.2,0.1,0.3) (0.7,0.1,0.2)

¢, (0.4,0.1,0.3) (0.8,0.1,0.0) (0.9,0.0,0.1) (0.5,0.1,0.1)

s, (0.3,0.3,0.1) (0.4,0.2,0.0) (0.5,0.2,0.1) (0.6,0.2,0.1)

¢ (0.5,0.1,0.3) (0.7,0.0,0.1) (0.2,0.1,0.1) (0.5,0.3,0.2)

@, (0.8,0.1,0.1) (0.1,0.2,0.7) (0.6,0.2,0.2) (0.3,0.1,0.5)

TABLE 8. Intersection of GPFHSS 1 and GPFHSS 2

U thy tho ths tha ths the
¢S, (05,0.1,0.1) (0.7,0.1,0.2) (0.3,0.1,0.3) (0.3,0.1,0.2) (0.4,0.1,0.2) (0.3,0.1,0.3)
¢S, (0.3,0.2,04) (0.6,0.1,0.2) (0.5,0.1,0.2) (0.5,0.0,0.3) (0.2,0.1,0.3) (0.7,0.1,0.2)
¢4 (0.7,0.1,0.1) (0.4,0.1,0.3) (0.9,0.1,0.0) (0.5,0.1,0.1) (0.9,0.0,0.1) (0.5,0.1,0.1)
s, (0.6,0.1,0.3) (0.3,0.1,0.1) (0.4,0.1,0.1) (0.4,0.2,0.3) (0.5,0.2,0.1) (0.6,0.2,0.1)
s (04,0.1,02) (0.3,0.1,0.5) (0.3,0.1,0.4) (0.7,0.0,0.2) (0.2,0.1,0.1) (0.5,0.3,0.2)
@y (0.8,0.0,0.1) (0.1,0.2,0.7) (0.1,0.2,0.7) (0.1,0.1,0.7) (0.6,0.2,0.2) (0.3,0.1,0.5)
Step:03  Calculate value of expectation score function using [5.6] and weight vector by

shown in Tab [0l

TABLE 9. Expectation Score Function and Weight vector

U t51 t ty3 thy ths the

Py (0.8,0.0,0.1) (0.1,0.2,0.7) (0.1,0.2,0.7) (0.1,0.1,0.7) (0.6,0.2,0.2) (0.3,0.1,0.5)
S(H(Y)) 0.9333 0.5333 0.5333 0.5 0.8666 0.6333
W(H (1)) 0.2333 0.1333 0.1333 0.125 0.217 0.158

Step: 04 Calculate Dombi aggregated picture fuzzy decision values (DAPFDVs) for k = 1
by and score function using The DAPFDVs can be calculated as:

From above table
Cha = Chp = Cpy < Gy = Cpg

¢;.3 is suitable construction company for labor colony construction.

8. Comparison

The algorithm proposed by Jaber et al. [25] face challenges to deal with the MADM problem

where attributes of the alternates have their corresponding sub-attributes. To overcome such
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TABLE 10. DAPFDVs and Score Function

U DAPFDVs SF

(0.4645,0.1000,0.1760) ( )
(0.4952,0.0000, 0.2599)  ( )
¢S4 (0.8027,0.0000,0.0000) (0.8027)
( ) )
( ) )

0.5081,0.1333,0.1313
0.4362, 0.0000, 0.1868

difficulties we developed an extension of GPFSS by changing the mapping to a multi-attribute
mapping. With the help of GPFHSS, we define an algorithm, which plays an important role

to study the picture fuzzy and hypersoft environment.

9. Conclusions

In this article, we introduce PFHSS and GPFHSS. We defined some operations of PFHSS
and GPFHSS, also proved De Morgans laws for these operations. For the solution of MADM
problems, we construct an algorithm by using the extended intersection of GPFHSS informa-
tion and also we introduced a new expectation score function to find the value of the weight
vector. With the help of the weight vector and new expectation score function, we calculate
DAPFDVs and score function. Then we rank the construction companies which are given in
the example of a case study of the construction of labor colonies by using ascending values of
the score function. After comparison with prior proposed techniques and arise it to be more

generalized and productive to deal with multi-attribute classifications.
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