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Abstract

Intuitionistic fuzzy soft sets (IFSSs) can effectively represent and simulate the uncertainty and diversity of
judgment information offered by decision makers. In comparison to fuzzy soft sets (FSSs), IFSSs are highly beneficial
for expressing vagueness and uncertainty more accurately. As a result, in this paper, we offer an approach for solving
real-life group decision making problems (DMPs) with fuzzy parameterized intuitionistic fuzzy soft multisets (p-sets) by
extending the fuzzy soft multiset (FSMS) based decision-making method (DMM). FSMS is a fantastic and useful tool to
deal with DMPs and all the existing FSMS-based DMMs are good for solving DMPs, but in their methods, they used
FSMS evaluated by only one decision maker, and the importance of membership degrees of parameters are not
considered, so these methods are may not be useful in the modelling of group-DMPs, but the constructed method in this
paper is very advantageous for solving real-life group-DMPs. To demonstrate the applicability of our DMM in helpful

applications, certain real-life examples are used.

Keywords: decision-making; fuzzy set; intuitionistic fuzzy set; multiset; soft set.

1. Introduction

Soft set (SS) was first proposed by
Molodtsov (1999) as a fundamental and useful
mathematical method for dealing with complexity,
unclear definitions, and unknown objects
(elements). Since there are no limitations to the
description of elements in SST, researchers may
choose the type of parameters that they need,
significantly simplifying DMPs and making it
easier to make decisions in the absence of partial
knowledge, it is more effective. While several
mathematical tools for modeling uncertainties are
available, such as operations analysis, probability
theory, game theory, fuzzy set (FS), rough set (RS),
and interval valued fuzzy set (IVFS), intuitionistic
fuzzy set (IFS), each of these theories has inherent
difficulties. Furthermore, all of these theories lack
parameterization of the tools, which means they

can't be used to solve problems, especially in the
economic, environmental, and social realms. In the
sense that it is clear of the aforementioned
difficulties, SS (Molodtsov, 1999) stands out.

The SS (Molodtsov, 1999) is extremely
useful in a variety of situations. Molodtsov (1999)
developed the basic results of SS and successfully
applied it to a variety of fields, including the
smoothness of functions, operations analysis,
Riemann integrations, game theory, probability,
and so on. Maji, Biswas, and Roy (2003) went on
to present several new concepts on SS, such as
intersection, union, complements, and subset, etc.
as well as a detailed discussion of the use of SS in
DMPs. Ali, Feng, Liu, Min, and Shabir (2009)
presented several operations on SSs and shown that
certain De Morgan's rules hold in SSs to these new
definitions. Thereafter, several researchers doing
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their innovative research work in this theory and
applied in various field. Rajput, Thakur, and Dubey
(2020) defined soft almost Bp-continuity in soft
topological spaces. Dalkili¢ (2021) introduced a
novel approach to SS based DM under uncertainty.

Since Zadeh (1965) introduced the idea of
FSs, several new approaches and theories for
dealing with imprecision and ambiguity have been
proposed. Maji, Biswas, and Roy (2001a; 2001b)
described FSSs by combining SSs and FSs, which
have a lot of potential for solving DMPs. The
applications of FSS theory have been gradually
concentrated by using these  concepts.
Lathamaheswari, Nagarajan, Kavikumar, &
Broumi (2020) introduced the concept of triangular
interval type-2 FSS and also, shown its
applications. Petchimuthu, Garg, Kamaci, and
Atagun (2020) defined generalized products of
fuzzy soft matrices and the mean operators, as well
as the applications of these concepts in MCGDM.
Paik and Mondal, (2020) introduced a distance-
similarity technique to solve FSs and FSSs based
DMPs. Paik and Mondal (2021) had shown the
representation and applications of FSSs in a type-2
environment. Mockoi and Hurtik (2021) used the
concept FSSs in image processing applications.
Gao and Wu (2021) defined filter and its
applications in fuzzy soft topological spaces.
Dalkilig and Demirtag (2021) introduced the idea of
bipolar fuzzy soft D-metric spaces. Bhardwaj and
Sharma (2021) described an advanced uncertainty
measure using FSSs and shown its application in
DMPs.

In some circumstances, generalizations of
FS such as IFS (Atanassov, 1986) and IVIFS
(Atanassov & Gargov, 1989) make representations
of the objective world more convincing, functional,
and exact, making it very promising. Many
scholars have recently concentrated on both
theoretical and applied research relating to the idea
of IFS and IVIFS see (Igbal, & Rizwan, 2019; Joshi,
2020; Lathamaheswari et al., 2020; Liu, & Jiang,
2020). As a generalization of FSs, Atanassov
(1986) proposed the idea of IFSs. Maji, Biswas,
and Roy (2001a; 2001b) developed the concept of
IFSS as an important mathematical method for
solving DMPs in an uncertain situation by
combining SS with IFS, and Jiang, Tang, and Chen
(2011) proposed an adjustable approach to IFSS
dependent DMPs. Many scholars have recently
concentrated on both theoretical and applied studies
relating to the principle of IFSS. Wan, Wang, and
Dong (2019) presented intuitionistic fuzzy
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preference relation and group DMM, thereafter,
Wan, Xu, and Dong (2020) proposed an Atanassov
IF programming approach for solving group DMPs
with interval-valued Atanassov IF preference
relations. Dong (2020) developed some theories
and DMMs based on IVIFS. Wan and Dong (2021)
introduced a new best-worst method extension
based on intuitionistic fuzzy reference comparisons.
Liu, Wan, and Dong (2021) proposed an axiomatic
design-based mathematical programming tool for
heterogeneous MCGDM with linguistic fuzzy truth
degrees. Athira, John, and Garg (2020) presented a
novel entropy measure of Pythagorean FSSs. Garg
and Arora (2018, 2020a; 2020b) introduced the idea
of bonferroni mean aggregation operators under
IFSS environment with their applications in DMPs
and also, proposed TOPSIS technique based on
correlation coefficient for solving DMPs with IFSS
information. Based on the Archimedean t-norm of
the IFSS information, Garg and Arora (2021)
proposed generalized Maclaurin symmetric mean
aggregation operators.  Garg (2021a; 2021b)/
introduced several novel exponential operation
rules and operators for interval-valued g-rung
orthopair FSs in group DMPs, as well as the idea of
connection number based g-rung orthopair FSs and
their application in DMPs.

A multiset (bag) (Yager, 1986) is a series
of items in which there is a lot of repetition of
elements. Yager (1986) discusses the bag structure's
utility in relational databases and examples of bag
applications in practice. Several authors have since
looked into the wider range of properties and uses
of bags. As a generalization of SS and bag,
Alkhazaleh and others (Alkhazaleh, Salleh, &
Hassan, 2011; Balami & Ibrahim 2013) introduced
the idea of soft multiset (SMS) and its fundamental
operations such as union, complement, and
intersection, etc., and thereafter, Mukherjee and
others (Tokat, & Osmanoglu, 2013; Mukherjee &
Das, 2014) introduced the idea of topological space
and investigated its connectedness and compactness
of SMS. Recently, Riaz, Karaaslan, Nawaz, &
Sohail. (2021) presented the idea of soft multi-RS
topology as well as its applications in multi-criteria
DMPs. Alkhazaleh and Salleh (2012) initiated the
FSMS theory as speculation of SMS and focused on
the use of FSMS-based DMPs. Mukherjee and Das
(2015a; 2015b; 2015c) pointed out that the
Alkhazaleh and Salleh (2012) methodology is
insufficient for comprehending FSMS-based
DMPs, and they introduced a new DMM to solve
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FSMS based DMPs.  Recently, Das (2018)
introduced the theory of weighted-FSMS, and
studied its applications in DMPs. Akin (2020)
proposed an application of FSMSs to algebra. Asa
generalization of FSMS, Mukherjee and Das (2014;
2015a; 2015b; 2015c; 2016) introduced the idea of
IFSMS theory. There were also some more articles
devoted to this topic, such as Mukherjee & Das
(2013; 2015a; 2015b; 2015c).

Related works

Alkhazaleh and Salleh (2012) initiated the
FSMS theory as speculation of SMS (Alkhazaleh et
al., 2011) and focused on the use of FSMS-based
DMPs. Mukherjee and Das (2015a; 2015b; 2015c)
pointed out that the Alkhazaleh-Salleh
methodology (Alkhazaleh & Salleh, 2012) is
insufficient for comprehending FSMS-based
DMPs, and they introduced a new DMM to solve
FSMS based DMPs. Recently, Das (2018)
introduced the theory of weighted-FSMS, and
studied its applications in DMPs. Balami, Gwary,
and Terkimbir (2018) proposed an FSMS approach
to DMPs and Akin (2020) proposed an application
of FSMSs to algebra. As a generalization of FSMS,
Mukherjee and Das (2014) introduced the idea of
IFSMS and studied some topological properties on
IFSMSs.  There were also some more articles
devoted to this topic, such as Mukherjee and Das
(2015a; 2015b; 2015c) introduced the idea of
relations on IFSMSs. Thereafter, Mukherjee and
Das (2016) studied more results on IFSMSs and
shown their applications in information systems.
All the existing DMMs given in (Alkhazaleh, &
Salleh, 2012; Mukherjee, & Das, 2015a; 2015b;
2015c; Balami et al., 2018; Das, 2018; Akin, 2020)
are good for solving DMPs based on FSMS, but
there have some limitations. IFSSs can effectively
represent and simulate the uncertainty and diversity
of judgment information offered by decision
makers. In comparison to FSSs, IFSSs are highly
beneficial for expressing vagueness and uncertainty
more accurately. As a result, we offer an approach
for solving group-DMPs with p-sets by extending
the FSMS-based DMM. All the methods given in
(Alkhazaleh, & Salleh, 2012; Mukherjee, & Das,
2015a; 2015b; 2015c; Balami et al., 2018; Das,
2018; Akin, 2020) are good for solving DMPs, but
in their methods they used FSMS evaluated by only
one decision maker and importance of membership
degrees of parameters are not considered, so these
methods are may not be useful in the modelling of
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group-DMPs, but the constructed method in this
paper is very advantageous for group-DMPs. A
real-life example is given to show how our DMM
can be used in practical applications. First, we'll go
over some definitions and outcomes that will assist
us to continue our discussion (Section 2). The
concept of a p-set has been introduced in section 3,
and its basic qualities are being investigated. Next,
we have characterized the aggregate FS and defined
several forms of t-norm product (TNP) and t-
conorm product (TCP) of p-sets (Section 4). In
section 5, we provide an adjustable DMM to solve
p-set based DMPs using these products, and some
real-life examples demonstrate the practicality of
our proposed p-set based DMM in practice (Section
6). In section 7, we compare our DMM to other
FSMS-based DMMs that are already available.

2. Preliminary

First, we'll go over some definitions and
outcomes that will assist us to continue our
discussion. Let Vy stand for the initial universe, Ey
for the parameter arrangement, P(Vy;) for the power
set of Vy; and also, let Ag, Bg, Cz S Ey

Definition 2.1 (Zadeh, 1965) An FS y on V; is a
set having the form y= {(V,pw(v)) :veVU}, where
the function HW:VU_’[Oal] is said to be the
membership function and “w(v) means the degree

of membership of each member veVy,.

If K, (V=LYVEVY, then y becomes a crisp
(ordinary) set. We represent the collection of all FSs
over Vy by FS(Vy).

Definition 2.2 (Zadeh, 1965) L ety,d€FS(Vy).
Then the FS-union of y and ¢ is an FS denoted by
yU¢ and defined as

U= {(v, max { uw(v),u¢(v)}) IVEVU}.

Definition 2.3 (Zadeh, 1965) L ety,¢€FS(Vy).
Then FS-intersection of  and ¢ is an FS, denoted
by wN¢ and defined as

yNo= {(V min { uw(v),u¢(v)}) :veVU}.

Definition 2.4 (Zadeh, 1965) Lety€eFS(Vy).
Then complement of v is denoted by y* and

defined asy®= {(v,l—pw(v)> ZVEVU}.
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Definition 2.5 (Zadeh, 1965) Lety,d€FS(Vy).
Then vy is said to be a fuzzy subset of ¢, denoted by
yp if (V)= (v), VVEVy.

Definition 2.6 (Atanassov, 1986) An IFS v is the

structure y= {(v,pw(v), vw(v)> W E VU}, where T
Vy—[0,1] . and v,: Vy—[0,1] are real valued
functions satisfying the condition 0< u‘v(v)+
vy (V)<1, Vv € Vy. We represent the class of all
IFSs on Vy; by IFS(Vy).

Definition 2.7 (Molodtsov, 1999) A soft set on V',
refers to a couple (yg.Ag), where y:Ap—P(Vy) is
a mapping.

Definition 2.8 (Maji, Biswas, & Roy, 2001a;
2001b) A pair (yg,Ag) is called an IFSS over 1,
where v is a function given by y A, —IFS(Vy).
We represent the class of all IFSSs on V;; by
IFSS(V).

Definition 2.9 (Maji, Biswas, & Roy, 2001a;
2001b)  Let(yg.Ag), (0s,Bp)EIFSS(Vy)  Then
(v5.Ag) is said to be a sub-1FSS of (¢4,Bg), denoted
by (\VS’AE)Q((I)S’BE) If

(i). A.cB_

(ii). VreAg, My W) < Mo ) and Vo () W) >

Vo, v),VveVy

Definition 2.10 (Maji, Biswas, & Roy, 2001a;
2001b b) The union of two IFSSs
(Wg-Ap), (9g,Bp)EIFSS(Vy) is an IFSS (o5,Cp),
where Cg=AgUBg and VreCg, VEVy,

o (V)=
“ws(r)(v)’ if rEAE-Bg
u¢s(r)(v), if rEBg-Ag

max { u‘l’s(r)(v)’“‘bs(r)(v)}’ ifreAE mBEa

Vo (V)=
sz(r>(v)’ if rEAg-Bg
V¢S(r)(V), if rEBg-Ag
min { vws(r)(v),v¢s(r)(v)}, if rEAgNBg.
We write (yg,Ap)U(dg,BE)=(05,Cp).

Definition 2.11 (Maji, Biswas, & Roy, 2001a;
2001b) The intersection of two IFSSs(yg, Ag), (g,
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Bg) €IFSS(Vy) is an IFSS (o5,Cg), where

CE:AEUBE and VrECE, VEVU,

Hogn (V)=
My (r)(v), if rEAR-Bg
},l‘bs(r)(V), if rEBE-AE

min { Mws(r)(v),u¢s(r)(V)}a ifI'EAEﬁBEy

Vog(n) ()=
Vyen (V) if rEAE-Bg

V¢S(r)(V), ifI'EBE-AE
max {sz(r)(V),V¢s(r)(V)}, ifrEAE ﬂBE
We write (y,Ag)N (¢, Br)=(0s5,Cr).

Definition 2.12 (Maji, Biswas, & Roy, 2001a;
2001b) Let(yg,Ap)EIFSS(Vy). Then

Complement of (y,Ag), denoted by (yg,Ag)" and

defined  as  (yg,Ap) =(y$.Ap),  where
C

\yg(r)=(\ys(r)) , for rEAE.

Definition 2.13 (Mukherjee & Das, 2014)

Suppose {V;:iEA} represent a collection of
nonempty universes and {Sy,:i€A} represent a

collection of nonempty sets of parameters, such that
NieaVi=o. Let V=[], IFS(V;), where IFS(V;)
denote the arrangement of all the sub-1FSs of V;,
Ev=[1..\Ev;, and AgCSEy. Then an IFSMS on Vy

refers to a couple (F,Ag), where F:Ap—Vy is a
mapping defined by
F(e)= ({v(“ﬂw(v)*vﬁeﬂv’):vevx} 2€A). Thus an
IFSMS (F,Ag) over Vy can be represented by

(F,Ap)= {(e, ({v(“ o (V) ZVEVX} :kEA)) :eEAE}.

We represent the class of all IFSMSs on V; by
IFSMS(Vy,Ag), where the parameter set A is
fixed.

Definition 2.14 (Mukherjee & Das, 2014) For
any IFSMS (F,Ag)EIFSMS (Vy,Ag), a pair
(F*,Ag) is said to be a V,-IFSMS-part (IFSMSP)
of (F,Ag), where F*:A;—V, is a mapping defined
by F(e)= {V(“ oW (¥) IVEV;L} for e€Ag. Thus
an IFSMSP (F*,4,) over ¥, can be represented by

(F* Ap)= {(e, {V(H o Wr(1) ZVEVX}) :eEAE}.
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Definition 2.15 (Mukherjee & Das, 2014) An (F,Ag) is called an absolute IFSMS, denoted by

IFSMS (F,A)€ IFSMS(Vy,Ag) is called a null Ve VA={(e,({v(l’o):VEVk}:XEA)):eEAE}.
IFSMS, denoted by @, if for all eeAg. uF(e)(v)=O

i = ,1). . . »AAE )5\, AR U>E)»

1e. Oy {(e’({v 'Vevk}'XEA)) 'eEAE}' that (F,Ag) is an IFSM-subset of (G,Ap) if Ve€EAE,
Definition 2.16 (Mukherjee & Das, 2014) Let e () Ha (V) nd

eriniton 2. ukKnerjee as, € X

(F,Ap)EIFSMS(Vy,Ag). If for every e € Ag, Vi) (V)ZVG(0) (V), VVEV,), AEA. We write
My (V)=1 and Vi (V)=0, VVEV;, AEA, then (F.AL)E(G,AL).

Definition 2.18 (Mukherjee & Das, 2014) Union between two IFSMSs (F,4y),(G,Ag) EIFSMS (V,Ag) 1S
denoted by (F,A4;) U(G,Ay) and defined as

(F,Ap)U(G,Ap) = {(e, ( {V(max{up(e)(V),Hg(e)(V)},min{VF(e)(V),VG(e)(V)}):Vevx} AE A)) -e€ AE}-

Definition 2.19 (Mukherjee & Das, 2014) Intersection between two IFSMSs (F,Ag),(G,Ag) EIFSMS (V,Ag)
is denoted by (F,4;)N(G,Ag) and defined as

(F,Ap)N(G,Ap) = {(e, ({V(min{HF(e)(V),HG(e)(V)}, maX{VF(e)(V),VG(e)(V)}):Vevx} AE A)) -e€ AE}-

Definition 2.20 (Mukherjee & Das, 2014) The complement of an IFSMSs (F,Ag) EIFSMS (V,Ag) can be

represented by
(F,Ap) = {(e, ({V(VF(e)(V)’“F(°>(V)):VEV;L} :leA)) :eEAE}.

3. p-set and its properties )
In this present section, we have proposed Fy=1| ew®, ({u(vﬁw(u)):u ev, } N EA) €Ay b,
the idea of a p-set, as well as its basic qualities are

now being investigated. Let {V,:A€A} be a
collection of nonempty universes, such that
MeaVo=¢ and {Ey,:A€A} be a set of nonempty
collections of parameters. Let Vy=[], ., IFS(Vy),
where IFS(V,) signifies the arrangement of every
single IF subsets of V,, Ey=[],.\Ev, and AgCEy.

If py(e)=1, Ve€Ag, then X will be
generated as a regular FS, and Fx will be generated
as a traditional IFSMS. Simply, we denote the
collection of all p-sets over Vy by pg(Vy,Ag),

where the parameter set Ag is fixed.

X={e"x®:e€A}, be an FS overAg. Example 3.2 We assume that there are

three universes V1= {01, 02, 03}, V2= {p1, p2} and
Definition 3.1 A p-set Fy, over Vy, is a mapping V5= {1, r2}, each of which contains a collection of
Fy: Ag—Vy, defined by flats, vehicles, and inns. Suppose that Dr. Roy has a

budget for buying a flat, a vehicle and renting a
(- (o @0 ). _ location for a wedding festival. Consider a p-set Fy
Fx(e)= ({“ T -“EVK}-XEA> for e€Ag. that shows some flats, vehicles, and inns that Dr.
Roy is considering for settlement, transportation,
Thus a p-set Fx over Vi, can be represented by and a wedding festival location, respectively. Let
{8v,.51,,Sy,} be a set of collections of decision
Fy= {<epx(c), ({u(upx(e)m),wx(e)(u)):uevk} e A)) o€ AE} parameters associated with the universes mentioned

above, where

Or
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Svl:{sVIJIPrice, sy, ,=Carpet area, sy, 3=Location, sy, 4=Parking space},
SV2={SV2,1=Safety rating, sy,,=Model, sy, ;=Creature comfort, sy, ;7=Ownership cost},
SV3={SV3, 1=Expensive, sy, ,=Available transport options, sy, ;=Near to place of stay, sy, 4=Parking space}.

Let V=[T._,ZFS(V;), S=TT._,Sy,and 4SS, such that

I( a=(sy, 1.5y, 1,5y, 1) = (Price, Safety rating, Expensive), \I
b=(sy, 3,5y, 25y, 1) = (Location, Model, Expensive),

A= . .
c=(Sy, 257, 3Sy;2) = (Carpet area, Creature comfort, Available transport options),

\@=(sy, 3,57, 2.5y, ;) = (Location, Model, Expensive) J

Suppose Dr. Roy is tasked with selecting objects from the arrangements of given objects based on the
arrangements of choice parameters. If we chose X be an FS over A with membership values for the parameters
in A as

a=(sy, 1,5v, 1,57, 1) = (Price, Safety rating, Expensive), p(2)=0.4;
b=(sy, 3,51, 25y, 1)=(Location, Model, Expensive), u, (b)=0.5;
c=(Sy, 2,5y, 35y, 2)=(Carpet area, Creature comfort, Available transport options), i, (¢)=0.6;
d=(sv, 3-Sv, 2,8v;,1)=(Location, Model, Expensive) u, (d)=0.4;
i.e. if we chose X be an FS over A as X={a",5"’,c"%,d"*}. Then we have a p-set
Fy= {(aOA’( {01(0.2,0.5)’02(0‘4,0‘5)’03(0‘2,03)}’ {pl(0‘1’0‘2)3132(0'5’0'7)}’ {rl(0.6,0.8)’r2(0.2,0.4)})) ’
05
(b ’({01(0.5,0.6)302(0.2,0.3)’03(043,045)},{p1(042,045)’p2(0.6,0.7)}’{rl(0.1,0.4))1.2(0.2,0.3)}))’

(00.6’( {01(o.1,0.3)’02(0‘3,0‘5)’03(0‘2,0‘4)}’ {pl(0‘1,0‘5)’p2(0.2,0.3)}’ {r1(0.2,0.4) ’r2(0.1,o.3)})) ’

0.4
(d ’({Ol (0.3,0.4) ,0, (0.2,0.5)’03 (0'2’0'5)},{}31 (0'2’0'3),[)2 (0.4,0.6)},{1.l (0.2,0.5) I (0.2,0.3)})) ,
The tabular form of the p-set Fyx can be represented as in Table 1.

Table 1 The p-set Fx

a b c d
Vi 0.4 0.5 0.6 0.4
01 (0.2,0.5) (0.5,0.6) (0.1,0.3) (0.3,0.4)
Vi 02 (0.4,0.5) (0.2,0.3) (0.3,0.5) (0.2,0.5)
03 (0.2,0.3) (0.3,0.5) (0.2,0.4) (0.2,0.5)
v, p1 (0.1,0.2) (0.2,0.5) (0.1,0.5) (0.2,0.3)
2 (0.5,0.7) (0.6,0.7) (0.2,0.3) (0.4,0.6)
Ve n (0.6,0.8) (0.1,0.4) (0.2,0.4) (0.2,0.5)
r (0.2,0.4) (0.2,0.3) (0.1,0.3) (0.2,0.3)

Definition 3.3 For any p-set Fyépy(Vy,Ag), a V-part (or A-part) Fy over V, is the
structure Fy= {(e“x(e), {u(”FX(") W3y ) 4, EVA}) -e€A E}, where Ve€Ag, Fiy(e)= {u("Fx(e/”)’VFX(E’ W) EVA}.

Example 3.4 If we consider the p-set Fy as in Example 3.2, then the Vi-part, V.-part, and Vs-part are as
follows
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F§( _ {(30'4,{01(0'2’0'5),02(0‘4’0‘5),03(0‘2’0‘3)}),(]1)0'5,{01(0'5’0‘6),02(0'2’0‘3),03(0'3’0‘5)}),
(co"’,{ol(o‘1’0‘3),02(0'3’0'5),03(0'2’0'4)}),(d0‘4,{01(0'3’0'4),02(0'2’0'5),03(0'2’0'5)})},

F§( _ {(30.4’{131(0‘1,oAz)’p2(0.5,0.7)})’(b0.5’{pl(0.2,0.5)’p3(0.6,07)})’
(co.e’{pl(oA1,0A5)’p2(0.2,0.3)}),(d0.4’{p1(0.2,0.3)’p3(0.4,0.6)})}’

0.5
F = {(aOA’{rl(0A6,0.8)’r2(02,0‘4)})’(b ’{rl(0A1,0.4)’r2(02,o‘3)})’

(Cvo’ {r, (0A2,0.4)’r2(0A1,03)})’((10.4’ {r, (oAz,oAS),rz(oAz,os)})}

and their tabular representation as shown in Tables 2, 3, and 4 respectively

Table 2 Vi-part Fx of F,

a b c d
Vi 0.4 0.5 0.6 0.4
01 (0.2,0.5) (0.5,0.6) (0.1,0.3) (0.3,0.4)
02 (0.4,05) (0.2,0.3) (0.3,0.5) (0.2,05)
03 (0.2,0.3) (0.3,0.5) (0.2,0.4) (0.2,0.5)
Table 3 Va-part F% of F,
a b c d
Vi 0.4 0.5 0.6 0.4
01 (0.1,0.2) (0.2,0.5) (0.1,0.5) (0.2,0.3)
02 (0.5,0.7) (0.6,0.7) (0.2,0.3) (0.4,0.6)
Table 4 The Vs-part Fx of F,
a b c d
Vi 0.4 0.5 0.6 0.4
r (0.6,0.8) (0.1,0.4) (0.2,0.4) (0.2,0.5)
r2 (0.2,0.4) (0.2,0.3) (0.1,0.3) (0.2,0.3)
Definition 3.5 For two p-sets Fx,Fy€py(Vuy,Ag), Definition 3.8 Let Fx€p (Vy,Ag). If forevery e €
Fx is a p-subset of Fy if Ag, py(e)=1, ”FX(e)(“)=1 and

(i). X is a fuzzy subset of Y, i.e.
Ve € Ag, py ()< py(e)

(ii). VeEAg, Hey (o (u)SuFY(e) and
(u)SuFY > YUEV), AEA

We write FxEFy

Definition 3.6 A p-set Fx€p(Vy,Ag) is said to be a
null p-set, denoted by @,, if Vvee A, p,(e)=0,
uFX(e)(u) = 0 and vg, o (W)=1, YUEV,, AEA,

ie. ®\= {(eo,({u(o’l):uEV;L}:KEA)) e € AE}.

Definition 3.7 Let Fx€py(Vy,Ag). If for every e €
Ag, Hey (e)(u)ZO and Vg, (W=1, VUEV,, L E A,
then Fx is called an X-null p-set, denoted by Xg,i.e.
Xop= {(e“x(e),({u(o’l):uEV;L}:X € A)) :eEAE} .
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VEy (e (W=0, YUEV,, A € A, then Fy is said to be an
absolute p-set, denoted by Vi, e
V= {(el,({u(l’o):uevx}:k € A)) :eEAE} .

Definition 3.9 Let Fx€p (Vy,Ag). If forevery e €
Ag, Hey (e)(u)=1 and vg, ¢ (W)=0, YueV,, AeA, then
Fx is said to be an X-absolute p-set, denoted by
Xy,l.e.

Xy= {(e“X(e),({u(l*O) :uEV;L}:kEA)) :eEAE} )

Example 3.10 Let us consider Example 3.2 and if
we chose X is an FS over A as

X={a%4b" ¢%¢,d’}. Then we have a p-set
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FX:{(aOA’({Ol(0‘2,05)’02(0‘4,0‘5)’03(02,0‘3)}’ {pl(0'1’0‘2)4’2(0'5’0‘7)}’ {rl(0.6,0.8)’r2(0.2,0.4)})) ’

(6°.(0.0:9)) . (. (V1.V2.V3) ). (€. (090}

If Y={a%,b",c°,d"} and Fy(a)=(,0,0), Fy(b)=(¢,0,0), Fy(c)=(¢,0,0),Fy(d)=(¢,0,0), then the p-set Fyis a
null p-set.

If W={a%4b",c%6,d"*} and Fy(2)=(9,9,0), Fy(b)=(9.9,0).Fy(c)=(¢.9,0).Fy (d)=(9.0,0), then the p-set
Fy is a W-null p-set.

If Z={a',b',c',d'} and F;(a)=(V,V,,V3), Fz(0)=(V,V2,V3), Fz(c)=(V,V,,V3),F£(d)=(V,V,,V3), then
the p-set F; is an absolute p-set.

If K:{aOAabO'S:CO'G:dO‘S} and FK(a):(V19V29V3)7 FK(b):(V19V29V3)9 FK(C):(VI9V23V3)9FK(d):(V19V29V3)9
then the p-set F is a K-absolute p-set.

Proposition 3.11 Let Fx,Fy€p (Vy,Ag). Then
[i]. FxEFx;
[ii]. ®AEX,CFy;
[iii]. FxEXyCU,.

Definition 3.12 Let Fx,Fy€py(Vy,Ag). Then Fx and Fy are equal-set, denoted by Fx=Fy, if and only if Ve €
Ag,

[i] ux(e) = uy(e);

[i] Fx(€) = Fy(€)> i (W) = by (1) a0d Vi (2) = Vi (). VUEV, AEA.

Proposition 3.13 Let Fx,Fy,F;€p(Vy,Ag). Then
[i]. Fx=Fy and Fy=F, = Fy=F;
[ii]. FxEFy and FyEFyx © Fyx=Fy;
[iii]. FxEFy and FyEF, = Fx=F,.

Definition 3.14 The complement of a p-set Fx€pg(Vy,Ag) can be represented by

F&= {(el'ux(e), <{u(VFX(°)(u)’“Fx(°)(u)) :uEV;L} :kEA)) :eEAE}

Proposition 3.15 For a p-set Fx€py(Vy,Ag),
C
(a) (F) =Fx,
(b) DE=Va
(C) Uk= D,

Proof. (c) From the definition of an absolute p-set V= {(e‘,({u(l’o):uevx}:xeA)) :eEAE},
Then V§= {(eo,({u(o’l):uEV;L}:KEA)) :eEAE} =D,
Similarly, (a) and (b) easily can be made.

Remark 3.16 In general, X{#X, and X$#Xy. For example, we consider the FSX={a%*b"*,c%¢,d"} as in
example 3.10. If

Xo={(2°%.(0.0.0)). (b”.(0.0.0)) ,(c**.(0.0:0)). (¢".(9.0.) )} and
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XV:{(a0'4,(V1,V2,V3)), (bo‘s,(Vl,Vz,V3)) ,(CO‘G,(Vl,Vz,V3))a (doj(vl,Vz,VQ)}, then
X$={(a0'6,(V1,V2,V3)), (bo‘s,(Vl,Vz,V3)) ,(c0‘4,(V1,V2,V3)), (dl,(Vl,Vz,Vg))}sfﬁXv and
X5={(2.(0:9.0)). (6”.0.0.0) ) .(**.(9:0.0) ).} (", (0.9:0)) #Xa.

Definition 3.17 Union between two p-sets Fx,Fy € ps(Vy, Ag) is denoted by Fx UFy and defined as
Fx U Fy=F,, where Z=XUY, and U denotes the fuzzy union and F, can be represented as

)

{ <max{pFX(e)(u),pFY(e)(u)}> \l
u min{VFX(e)(u)NFY(e)(u)} UEV, } AEA | :eEAg } )

fl

|

F{| emtomo, |

Proposition 3.18 If Fx € ps(Vy, Ag), then
(a) FXUFX=FX1

(b) FxU®,=Fx,
(C)FX U VA = VA'

Definition 3.19 Intersection between two p-sets Fx,Fy € py(Vy, Ag) is denoted by Fx N Fy and defined as
Fx N Fy=F,, where Z=X N'Y, where N denotes the fuzzy intersection and F,, can be represented as

/ <‘“i"[“Fx<e>(“)’“Fy(e>(“)}> \
F,= emin{ux(e),uY(e)}’\ u max{VFX(e)(u),VFy(e)(u)} UEV, §AEA ‘e€EAL ;.

| | J/J

Proposition 3.20 If Fx € ps(Vy, Ag), then
(a) Fx ﬁFx:Fx,
(b) Fx ﬁ(DA:(DAa
(C) FxﬁvAzFx.

Proposition 3.21 Let Fx,Fy,F; € py(Vy, Ag), then:
1. Associative Laws
FxU(FyUF,)=(FxUFy)UF,
FxN(FyNF,)=(FxNFy)NF,
2. Distributive Laws
FxN(FyUF,)=(FxNFy)U(FxNF,)
FxU(FyNF,)=(FxUFy)N(FxUF,)

Proposition 3.22 Let Fx,Fy€p (Vy,Ag), then:
(FxMFy) =FSUFS
(FxUFy)“=FXNFy

Proof. Let FX>FYEps(VU’AE)
Then
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() 1 )
FXﬂ Fy=F :{ | emm{“X(e) lly(e)} { u max{vFX(e)(u),VFy(e)(U)} [UEV, } AEA | ZGEAE } .
Therefore,
/ ( maX{VFX(e)(U)NFy(e)(U)}> \
ol min{ux(e),uy(e)}’\ u min{HFX(e)(u)ﬁlle(e)(u)} {UEV, ;XEA/ :e€Ag ;.

(FxTFy) =FS=

Now

F)C(GF$=FW= {(eMW(e)’ ({u(HFw(e)(u),VFw(e)(u)) 5UEVA} ;xeA)) :eEAE},

where VeEAg,
Hy(e)=max { -, (e),1-uy ()}

=1-min { p ().t (€)}=H5(e)
and

By W =max {vi (W, Ve @}=vp ()

VEw(®© (u) =min {l”l FX(e) (u) ’ lVlFY(e) (u)} B qu(e) (W)

Thus (Fy 11 Fy) = F§ U FS.
[ii] has proof that is similar to [i].

Definition 3.23 Let Fx,Fy€pg(Vy,Ag). Then min-union of Fy and Fy is denoted by FXGYZmin and defined

as
(max{”Fx(0)(u)’”FY(0)(u)}>
F,={ | eminlix@ny@} | Ly min{vey ). vey (0} UEV, pAEA | | e€Ag ;.

l

Definition 3.24 Let Fx,Fy€py(Vy,Ag). Then max-intersection of Fx and Fy is denoted by FXﬁYZmax and
defined as

| \ J J

Proposition 3.25 Let Fx,Fy€p (Vy,Ag). Then

{/ (m‘“[“Fx<e>(“) “Fy<e>(“)}> \ )
FZ={ kemax{“x(e)’”\((e)}, u max{vr (W VEy o)} UEV, p AEA ):eEAE .

[INF O, F =Fy;
il Fy A Fx = Fs
[iii] Fy Oy @ =Dy
[iv] F, ﬁmax Xy =Ko
VI Fx Opin Vi = Xy
min v = F Opin B
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Proposition 3.26 Let Fx,Fy€pg(Vy,Ag). Then
[i] VxUnin YVvE Vi U Vy

[ii] VxNVyEVxN e Vy

ARemark 3.27 Let Fx€p (Vy,Ag). Then in general FxNpmaxVa=Fx and FxU,;, VA=V, are not true. For
example, we consider X:{a°~4,b°'5,c°-",d°} as shown in example 3.10, then we have a p-set

FX:{(aOA’( {0,009 , (040.5) ( 0203} {p1<0'1’0‘2),p2(0'5’0‘7)}, {rl(0.6,0.8))1.2(0.2,0.4)})) ’

(6°.(0.0.0)) (*4,(V1.V2, V), ('.(0.09) )}
Then

Fy P Va={(a',({0,(02:0,0,040) ,0209)} {}, 0102) 5 @507} 1 0:609) 1, (0.2,0.4)}))
(6" @09) (1. (Vi,V2,V9), (¢'.(0.0.0) ) }#Vx and
Fx UpinVa= {(30'47(\/1»\/2»\/3)) (bo‘s,(Vl,Vz,V3)) (00'6,(\/1,\/2,\/3)) (doa(VszaVQ)}

Proposition 3.28 Let Fx,Fy,F;€p (Vy,Ag). Then
[i] FxUpin (FyUpinF2)=(FxUpinFy) UpinFz
[ii] FXﬁmax (FYﬁmaxz):(FXﬁmaxFY)UmaxFZ
[iii] FXGmin(FYﬁmaxUZ)z(FXUminFY) ﬁmax(FXGmian)
[iv] FxMinax Fy UnminF2)=(FxNimaxFy ) Timin (Fx NinaxF 2)

Proposition 3.29 Let Fx,Fy€p (Vy,Ag). Then

. ~ C ~

[1] (FXmmaxFY) = F)C(Bmian

[ii] (FxUpminFy) = F%Mimax FY
Definition 3.30 Let Fx,Fy€pg(Vy,Ag). Then the AND operation between Fx and Fy is the p-set denoted by
FxAFy and defined as

(mm{“Fx(a)(“)’“FY(B)(U)}’>
FyAFy={ | eminlx®uv®} f Jy max{sey )0 vry ()0} WEV, p AEA | |:0BEAE ;.

Definition 3.31 Let Fy,Fy€p(Vy,Ag). Then the OR operation between Fy and Fy is the p-set denoted by

FxVFy and defined as
A

( <max{“Fx(a)(u)’“FY(B)(u)}’>
FyVFy= kemax{uxwwm}, u i@y ) UEV, p AEA ):a,BEAE

Proposition 3.32 Let Fx,Fy€p (Vy,Ag) then
(1). (FxAFy)“=F{VF§
(2). (FxVFy)C=F{AFS

)

Proof. (1). Let Fx,Fy€py(Vy,Ag), then
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I(/ ( (m‘n{”Fx<a>(”) ”FY(B)(“)}> ) \ )
FXAFY:{ |\emin{ux(ﬁ),pY(ﬁ)}’ { ne VFX a)(w) VFy(ﬁ)(U)} [UEV, } AEA /l :0L,PEAR }

Thus

(Fx/\Fy)C: J el‘min{Hx(B),Hy(ﬁ)}

Again,

C C_
FOVFS =

(
| \

max{l - (B).1-1y (B)}, /{u
Al

max VFX(a)(u) VFy(B)(u)}

min{yipy (o)W g ()

o,

[

>uEV €A | | BEAEl.

<)

max VFX(a)(U) VFY(B)(U)}

min ].LFX(U')(U) “Fy(ﬁ)(u)}

{ ( max{VFX(a)(U),VFy(B)(u)}’> \ \ \I
=Y el-min{ux(ﬁ),uy(ﬁ)}’a { u min{”Fx(a)(u)’”FY(B)(u)} UEV, } AEA | PEAS }
\ t ) /

= (Fx AFy)©,,
Hence proved.

Proposition 3.33 Let Fx,Fy,Fz€p(Vy,Ag). Then
[i] FxV(FyVFz)=(FxVFy)VF,
[ll] FxA(FyAFz)Z(Fx/\Fy)/\FZ
[iii] FxV(FyAUz)=(FxVFy)A(FxVFy)
[iv] FxA(FyVF2)=(FxAFy)V(FxAFy)

4. TNP and TCP of p-sets
In this part, we have characterized the aggregate FS and define several forms of TNP and TCP of p-
sets, such as AND-TNP, AND-TCP, OR-TNP, and OR-TCP.

Definition 4.1 Let Fx,Fy€py(Vy,Ag). Then the AND—TNP of Fx and Fy is the p-set denoted by Fx ®Fy and

defined as Fx ®Fy=F,= {(e“z@, ({u(“Fz@““)’VFﬂe)(“)):uevx} :xax)) :eEAE}, where for all e € A, uz(e) =

ux(e).uy(e)
2—[ux(e)+uy(e)—ux(e).uy(e)]
Hrpe) (W) = Min{pg () (W), Ky ey W} Vo) (W) = Max{Ve, o) (W), Viry ey (W)}, Vu € V3,1 € A.

Definition 4.2 Let Fy, Fy € ps(Vy, Ag). Then the AND—TCP of Fy and Fy is the p-set denoted by Fy @ Fy

and defined as Fy @ Fy = F, = {(eﬂz(e), ({u(””z(e)(“)'v”z(e)(“)): uE€ VA} = /1)) e € AE}, where for all

— Fx@tuy(e)
ee AE y MZ(e) - 1+ux(e).uy(e)
Hr ey (W) = min{pip, oy (W), tpy ) W)}, Vi ey (W) = Max{Viy o) (W), Viy )W)}, VU € V3,2 € A.

Definition 4.3 Let Fy, F, € ps(Vy, Ag). Then the OR—TNP of Fy and F, is the p-set denoted by Fy ® Fy and
definedas Fy @ Fy = F; = {(e”z(e), ({u(”Fz(e)(“)'sz(5>(“)): ue V,l} I N= A)) e € AE},
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ux(e).uy(e)
2—[ux(e)+uy(e)—nx(e).uy(e)]
L p(ey (W) = Max{ip ey (W), Ky ey W}, Ve g ) (W) = Min{ve, (o) (W), Vey ey (W)}, Yu € V3, 1 € A

where for all e € Ag, uz(e) =

Definition 4.4 Let Fy, Fy € ps(Vy, Ag). Then the OR—TCP of Fy and Fy is the p-set denoted by Fy @ F, =
F, and defined asFy @ Fy = F, = {(e”z(e), ({u(“Fz(@(“)"’Fz(e)(“)): ue V,l} N= A)) ‘e € AE},

ux(e)+uy(e)
1+ux(e).uy(e)
HFz(e) () = max{,upx(e) (u)uqu(e)(u)}vvFZ(e)(u) = min{VFX(e) (u)JVFy(e) (u)},Vu EVyAEA

where forall e € A, pz(e) =

Definition 4.5 Let Fy € ps(Vy, Ag) and a, B € [0,1]. Then a soft fuzzification operator S, z) 0n Fy, denoted
by Sa,p)(Fx) and defined as

St () = {5 0011 € U (Fr()) e, B € [0.1]] where

1
nuS(a'ﬁ)(X) (u‘) = @ Z “X(e)'nu(Fx(e))(a’B) (u‘)'

eEAE

(Fx(@))ap = {t € Va: fipyey (W) = @, Vpy(ey(w) < B, A € A}, B € [0,1].

5. Applications of p-sets in DMPs Step6. If u has many values, the decision-maker can
In this present section, we have introduced be chosen from any of them.
a new machine learning algorithm to solve p-set Step7. The final optimal decision is (z: k € A).
dependent DMIs using aggregate FS and our newly
defined operations (TNP and TCP). Remark 5.2 If there are lots of ideal choices to be
selected in the 7t step, we can return to the 2nd and
5.1. p-sets based DMM 3rd steps and adjust the operation or values ofa, § €

[0,1], so that we can find few optimal choices.
The steps of our new DMM are listed

below: 6. Results and discussions
Algorithm 1. In this present part, we adopt some real-
life examples to demonstrate the proposed
Stepl. Enter the group of experts (decision makers) algorithm to solve p-sets based DMPs.
{Mi1, Ma,...,.Mp} and their corresponding
opinions (p-sets)Fy,, Fx,,..., Fx, € Example 6.1 We assume that there are three
ps(Vy, Ag) universes V1= {01, 02, 03, 04}, V2= {p1, p2, pa} and

Step2. Compute the resultant p-set F, using any p- Vs={n, I, s}, which are the collections of some
set operation (union or intersection or any flats, vehicles, a_nd inns. Suppose_ that Dr. Roy_hasa
TNP or TCP). budget for buying a flat, a vehicle, and renting a

Step3. Input the fixed values of a, 8 € [0,1]. location for a wedding festival. Consider a p-set Fy

Step4. Compute aggregate FS S p)(F7) and g]at S_hOWS s_c()jmg fla]Es, ver;tilcles atndt inns thtatt_Dr.
present in tabular form. oy is considering for settlement, transportation,

Step5. For each k € A, if the associated value and a wedding festival location, respectively.

s, . oo () is maximized from V. then the Assume {Sv,,Sv,, S, } be a set of collections of
(@p) . decision parameters associated with the universes
decision zy is to choose u from V.

mentioned above, where
Svl:{svl,,:Price, sy, ,=Carpet area, sy, ;=Location, sy, 4=Parking space},

SV2={SV2,1=Safety rating, sy, ,=Model, sy, ;=Creature comfort, sy, ;=Ownership cost},
SV3={SV3’1=Expensive, Sy, 2=Available transport options, sy, ;=Near to place of stay, sy, 4=Parking space}.
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Let V=[T_,IFS(V)), S=IT._,Sv.and AcS, such that

ay=(Sy, 1,8v,,1,8v;,1)=(Price, Safety rating, Expensive), ]
ba=(Sv, 3,Sv,,2,Sv;,1)=(Location, Model, Expensive),

Ca=(Sy, 2,8v, 3,8y, 2)=(Carpet area, Creature comfort, Available transport options), &

A= da=(Sv, 4,5v,2,5v,,1)=(Parking space, Model, Expensive),

ea=(Sv,,1,5v,.4,Sv; 3)=(Price, Ownership cost, Near to place of stay), J
fA=(Sv, 3-Sv,,3,8v; 4)=(Location, Creature comfort, Parking space)

Suppose Dr. Roy is tasked with selecting objects from the arrangements of given objects based on the

arrangements of choice parameters. If two experts chose X and Y are two FSs over A with membership values

for the parameters in A as

py (Price, Safety rating, Expensive)=0.7;

py(Location, Model, Expensive)=0.8;

py (Carpet area, Creature comfort, Available transport options)=0.7;
py (Parking space, Model, Expensive)=0.5;

py (Price, Ownership cost, Near to place of stay)=0.9;

py (Location, Creature comfort, Parking space)=0.8;

and

py (Price, Safety rating, Expensive)=0.5;

uY(Location, Model, Expensive)=0.6;

py (Carpet area, Creature comfort, Available transport options)=0.9;

py (Parking space, Model, Expensive)=0.8;

py (Price, Ownership cost, Near to place of stay)=0.7;

py (Location, Creature comfort, Parking space)=0.5.
We consider two expert’s observations (p-sets)Fx and Fy regarding some flats, vehicles, and inns are as in
Table 5 and Table 6 respectively.

Table 5 p-set F,.

aa ba CA da ea fa
Vi 0.7 0.8 0.7 0.5 0.9 0.8
01 (0.3,0.5) (0.8,0.2) (0.7,0.2) (0.8,0.2) (0.3,0.5) (0.7,0.2)
Vi 0 (0.4,0.4) (0.9,0.1) (0.8,0.1) (0.9,0.1) (0.4,0.4) (0.6,0.3)
03 (0.9,0.1) (0.3,0.5) (1,0) (0.3,0.5) (0.9,0.1) (0.9,0.1)
04 (0.7,0.2) (0.8,0.1) (0,1) (0.8,0.1) (0.7,0.2) (0.5,0.4)
p1 (0.8,0.2) (0.8,0.1) (0.6,0.3) (0.8,0.1) (0.9,0.1) (0.6,0.3)
V2 2 (0.6,0.2) (0.8,0.2) (0.8,0.2) (0.8,0.2) (1,0) (0.8,0.2)
ps3 (0.6,0.3) (0.5,0.2) (0.3,0.4) (0.5,0.2) (0.9,0.1) (0.3,0.4)
I (0.9,0.1) (0.9,0.1) (0.5,0.4) (0.9,0.1) (0.8,0.1) (0.9,0.1)
Vs I (0.7,0.2) (0.7,0.2) (0.5,0.3) (0.7,0.2) (0.5,0.4) (0.8,0.2)
3 (0.9,0) (0.9,0) (0.7,0.2) (0.9,0) (0.4,0.3) (1,0)
Table 6 p-set Fy
aa ba CA da eA fa
Vi 0.7 0.8 0.7 0.5 0.9 0.8
01 (0.7,0.2) (0.7,0.2) (0.8,0.2) (0.7,0.2) (0.7,0.2) (0.3,0.5)
Vi 02 (0.6,0.3) (0.8,0.1) (0.9,0.1) (0.8,0.1) (0.6,0.3) (0.4,0.4)
03 (0.9,0.1) (1,0) (0.3,0.5) (1,0) (0.9,0.1) (0.9,0.1)
04 (0.5,0.4) (0,1) (0.8,0.1) (0,1) (0.5,0.4) (0.7,0.2)
V2 pi (0.8,0.1) (0.5,0.4) (0.9,0.1) (0.5,0.4) (0.9,0.1) (0.9,0.1)
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aa ba CA da ea fa
Vi 0.7 0.8 0.7 0.5 0.9 0.8
p2 (0.5,0.4) (0.5,0.3) (0.7,0.2) (0.5,0.3) (0.8,0.2) (0.7,0.2)
ps (0.4,0.3) (0.7,0.2) (0.9,0) (0.7,0.2) (1,0) (0.9,0)
I (0.6,0.3) (0.6,0.3) (0.9,0.1) (0.6,0.3) (0.8,0.1) (0.6,0.3)
Vs 0 (0.8,0.2) (0.8,0.2) (0.7,0.2) (0.8,0.2) (0.8,0.2) (0.8,0.2)
3 (0.3,0.4) (0.3,0.4) (0.9,0) (0.3,0.4) (0.5,0.2) (0.3,0.4)

We consider the resultant p-set Fx®@Fy using AND—TNP as shown in Table 7. Now, we chose
0=0.7 and p=0.2, then we find S, 3 (Fx ®Fy) as in Table 8.

Table 7 p-set F, ® Fy

Vi aa ba ca da ea fa
' 0.7 0.8 0.7 0.5 0.9 0.8
o1 03,05 (0702  (07,02)  (0.7,02) (03,05  (0.3,05)
Ve 0 04,04)  (080.1)  (080.1)  (0.80.1)  (0.404)  (0.404)
03 09,0.1) (03,05 (0305 (0305  (090.1)  (0.90.1)
04 (0.5,0.4) 0,1) 0,1) 0,1) 0.504)  (0.5,0.4)
pi 08,02)  (0504)  (0.603)  (0.504)  (0.90.1)  (0.603)
Vs P2 0504)  (0503) (07,02  (0.503)  (0.802)  (0.7,02)
p3 04,03)  (0502) (03,04  (0502)  (0.90.1)  (03,04)
. 0603)  (0603)  (0.504)  (0.603)  (0.80.1)  (0.603)
Vs I 07,02)  (07,02)  (0.503)  (0.7,02)  (0.504)  (0.802)
13 03,04)  (03,04)  (0.502) (03,04  (0403)  (03,04)

Table 8 S, 5 (Fx ® Fy), a=0.7, p=0.2

aa ba Ca da €a fa
Vi 0.304 0.444 0.612 0.364 0.612 0.364 Hsaronen (1)
01 0 1 1 1 0 0 0237
v 0 0 1 1 1 0 0 0237
03 1 0 0 0 1 1 0213
04 0 0 0 0 0 0 0
pi 1 0 0 0 1 0 0.153
V2 p2 0 0 1 0 1 1 0.265
ps 0 0 0 0 1 0 0.102
1 0 0 0 0 1 0 0.102
Vi 1 | | 0 1 0 1 0.264
1 0 0 0 0 0 0 0

From Table 8, we see that for the Vi-part of
Fx®Fy, flats o1 and o0, have the largest value
HS(0,7,0,2)(X<§§>Y)(01):“S(()J,o‘z)(X®Y)(02) =0.237; hence
Dr. Roy can be selected o; flat or o, flat. For the V-
part of Fx@Fy, vehicle p, has the largest value
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“s(o7oz>(x®Y)(p2) =0.265; hence vehicle p; is the

best suit. Also, for the Vs-part of Fx®Fy, inn r2 has
the largest value “8(0.7,0.z>(X®Y)(r2) =0.264; hence r

inn is the best suit. As a result, the best option for
Dr. Roy is (01, pz, 2) or (02, p2,I2).
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Table 9 Table forS, 5 (Fx®Fy), a=0.8, $=0.2

aa ba Ca da ea fa
Vi 0.304 0.444 0.612 0.364 0.612 0.364 Hsioz0en (1)
o1 0 0 0 0 0 0 0
Vi 02 0 1 1 1 0 0 0.237
03 1 0 0 0 1 1 0.213
04 0 0 0 0 0 0 0
pi 1 0 0 0 1 0 0.153
V2 p2 0 0 0 0 1 0 0.102
p3 0 0 0 0 1 0 0.102
ri 0 0 0 0 1 0 0.102
V3 2 0 0 0 0 0 1 0.061
13 0 0 0 0 0 0 0
From Table 9, we see that for the Vi-part of using OR—TCP as shown in Table 10 and we chose
Fx®Fy, flat o, has the largest value  0=0.8 and B=0.1, we find S (Fx@Fy) as shown

“S(osoz)(X®Y)(°2) =0.237; hence flat o3 is the best

suit. For the V- part of Fx@Fy, vehicle p; has the
largest value us(ol&og(x@Y)(pl) =0.153; hence

vehicle p; is the best suit. Also, for the Vs-part of
Fx®Fy, inn r; has the largest value
Mg 02)(X®Y)(r1) =0.102; hence ry is the best suit. As

a result, the best option for Dr. Roy is (02, p1, r1).

Example 6.2 Now, let us consider the p-sets as in
Table 5 and Table 6, then the resultant p-set Fx@Fy

Table 10 p-set Fx@®Fy

in Table 11. From Table 11, we can see that for the
Vi- part of Fx@Fy, flat 03 has the largest value
“8(0301>(X®Y)(°3) =0.943; hence flat o3 is the best

suit. For the V- part of Fy @ Fy, vehicle p; has the
largest value us(ol&m)(x@m(p]) =0.943; hence

vehicle p; is the best suit. Also, for the Vs- part of
Fx@®Fy, inn r; has the largest value
“Smson(X@Y)(rl) =0.943; hence ry inn is the best
suit. Therefore the final optimal decision for Dr.
Roy is (03, p1, ).

aa ba CA da ea fa
Vi 0.889 0.946 0.982 0.929 0.982 0.929
o1 0.7,02)  (0.8,0.2) (08,02  (0802)  (07,02)  (0.7,0.2)
Vi 0 0.603)  (0.9,0.1) 090.1)  (090.1)  (0.603)  (0.6,03)
03 (0.9,0.1) (1,0) (1,0) (1,0) 0.90.1)  (0.9,0.1)
04 0.7,02)  (0.8,0.1) 0.80.1)  (080.1)  (07,02)  (0.7,02)
pi 0.80.1)  (0.8,0.1) 0.90.1)  (0.80.1)  (090.1)  (0.90.1)
Va Ny 0.602)  (0.8,0.2) 0.8,02)  (0.8,02) (1,0) (0.8,0.2)
p3 0.603)  (0.7,0.2) (0.9,0) (0.7,0.2) (1,0) (0.9,0)
1 0.9,0.1)  (0.9,0.1) (09,0.1)  (090.1)  (080.1)  (0.90.1)
Vs rz 0.8,02)  (0.8,0.2) (0.7,02)  (0.802)  (08,02)  (0.8,02)
13 (0.9,0) (0.9,0) (0.9,0) (0.9,0) (0.5,0.2) (1,0)
Table 11 S, (Fx@®Fy), ¢=0.8 and p=0.1
aa ba CA da €A fa
Vi 0.889 0.946 0.982 0.929 0.982 0.929 Hswsondn) ()
o1 0 0 0 0 0 0 0
Vi 0 0 1 1 1 0 0 0.476
03 1 1 1 1 1 1 0.943
04 0 1 1 1 0 0 0.476
v, pi 1 1 1 1 1 1 0.943
> 0 0 0 0 1 0 0.164
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Vi aa ba ca da ea fa M (W)
i 0.889 0.946 0.982 0.929 0.982 0.929 S0s0)XOY)
p3 0 0 1 0 1 1 0.482
I 1 1 ! 1 ! 1 0.943
Vs ) 0 0 0 0 0 0 0
I3 1 1 ! 1 0 1 0.779

Remark 6.3 From Example 6.1, we can see that
applying AND—TNP and for 0=0.7 and p=0.2, we
have the final optimal decision for Dr. Roy is (01, p2,
rz) or (02, p2, I2), but if we chose a=0.8 and =0.2,
then the final optimal decision for Dr. Roy is (02, p1,
r1), which is unique. Also, in Example 6.2, applying
the OR—TCP and choosing 0=0.8 and p=0.1, we
have flat 03, vehicle ps1, and inn ry are the best suits.
Thus, we can obtain a unique solution by changing
operations on p-sets and the values of a and .

Advantages 6.4 When we use Algorithml, we get
fewer object choices, which makes it easier for us
to make a decision. However, by using Algorithm1,
we can obtain more detailed data, which will assist
leaders in making decisions. If there are lots of
"ideal choices" to be selected in the 71" step, we can
return to the 2nd and 3rd steps and adjust the
operation or the values of o,$€[0,1], that he once
utilized in order to confirm the last ideal choice,
particularly when there are too much "optimal
decisions" to be selected.

7. Comparison analysis

IFSSs can effectively represent and
simulate the uncertainty and diversity of judgment
information offered by decision makers. In
comparison to FSSs, IFSSs are highly beneficial for
expressing vagueness and uncertainty more
accurately. As a result, in this paper, we offer an
approach for solving group DMPs with p-sets by
extending the FSMS based DMM. FSMS is a
fantastic and a helpful tool for dealing with decision
making and all the existing FSMS-based DMMs
given in (Alkhazaleh, & Salleh, 2012; Mukherjee,
& Das, 2015a; 2015b; 2015c; Balami et al., 2018;
Das, 2018; Akin, 2020) are good for solving DMPs,
but in their methods, they used FSMS evaluated by
only one decision maker, so these methods are may
not be useful in the modeling of group-DMPs, but
the constructed method in this paper is very
advantageous for group-DMPs. Also, the
importance of membership degrees of parameters
are not considered in (Alkhazaleh, & Salleh, 2012;
Mukherjee, & Das, 2015a, b or c; Balami et al.,
2018; Das, 2018; Akin, 2020), but we allow the
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importance of membership degrees with the
parameters so that every decision makers can give
the importance of parameter selections according to
their choice.

8. Conclusion and future work
In this study, we offer an approach for solving

group DMPs with p-sets by extending the FSMS based
DMM. FSMS is a fantastic and useful tool to deal with
DMPs and all the existing FSMS-based DMMs are good
for solving DMPs, but in their methods, they used FSMS
evaluated by only one decision maker and the importance
of membership degrees of parameters are not considered,
so these methods are may not be useful in the modelling
of group-DMPs, but the constructed method in this paper
is very advantageous for solving group-DMPs. Some
real-life examples are utilized to demonstrate the
attainability of our DMM in helpful applications.

However, we can see that by utilising
Algorithm1, we can get an empty set of alternatives
for items, which is horrible for our decision.
Furthermore, we recognize that determining the
value of «, 8 € [0,1] is critical in making a better
decision. If we choose the estimates of a € [0,1] is
too little and B € [0,1] is too substantial in the
Definition 4.5 formula, we may receive a lot of
various possibilities to choose from. However, this
is frequently bad for our decision because the
decision-maker has a tendency to look over fewer
options. The more options available, the more
difficult it is to choose. As a result, the choices we
make should not be too important. However, if we
choose a's estimations to be too large and B's to be
too small, we may end up with fewer alternatives,
and in some cases, we may end up with an empty
set of object options, indicating that our judgments
were unsuccessful. We need the new selection to
provide us with the a, 8 € [0,1] estimations so that
we can choose.

In a future study, we will use g-ROFS (Garg
& Aurora, 2021a; 2021b) to extend this proposed
DMM to other real-life applications in the field of
pattern recognition and medical diagnostics.

Abbreviations:
DMM Decision making method
DMP Decision making problem
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FS Fuzzy set

FSMS Fuzzy soft multi set

FSS Fuzzy soft set

IFS Intuitionistic fuzzy set

IFSMS  Intuitionistic fuzzy soft multiset

IFSMSP  Intuitionistic fuzzy soft multi set
part

IFSS Intuitionistic fuzzy soft set

IVFS Interval-valued fuzzy set

IVIFS Interval-valued intuitionistic fuzzy
set

SS Soft set

p-set Fuzzy parametrized intuitionistic
fuzzy soft multiset

RS Rough set

TNP t-norm product

TCP t-conorm product
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