International Journal of Neutrosophic Science (IINS) Vol 14, No. 2, PP. 115-131, 2021

American Scientific Publishing Group

GENERALIZED POSSIBILITY NEUTROSOPHIC SOFT SET AND ITS APPLICATION

S. Bhuvaneshwari !, C. Antony Crispin Sweety 2*

1 Avinashilingam Institute for Home Science and Higher Education for Women, INDIA;
bhuvaneswari_maths@avinuty.ac.in
2 Avinashilingam Institute for Home Science and Higher Education for Women, INDIA;
antonycrispinsweety maths@avinuty.ac.in

*Correspondence: antonycrispinsweety maths@avinuty.ac.in

Abstract

Today, experts are emphasizing to establish innovative ideas to cope with the complexity, imprecision and ambiguity
that exist in practical problems, together with suitable examples to elucidate their hypotheses. Neutrosophic set and
its hybridisations are broadly adopted in many decision making challenges. More researchers are working to discuss
the validity of neutrosophy and its combinations in decision making issues. In this work we develop a new hybridized
structure of neutrosophic soft set named Generalized Possibility Neutrosophic Soft Set (GPNSS) and discuss its basic
properties. We define set theoretical operations between two possibility neutrosophic soft sets and study some of their
features. We also present the GPNS decision making approach, which is based on the AND-product of GPNSS.
Finally, we provide a numerical example to demonstrate how the technique may be effectively applied to the
circumstances investigated.

Keywords: Neutrosophic set, soft set, generalised possibility neutrosophic soft set, decision making.
1. Introduction

Lotfi L. A. Zadeh [12] introduced fuzzy set as an extension of crisp set or non-fuzzy set in 1965. A fuzzy set
is a class of objects with a continuum of grade of membership and such a set is described by a membership ranging
between zero and one. The intuitionistic fuzzy set are sets whose elements have degrees of membership and non-
membership. Intuitionistic fuzzy sets was imported by Krassimir Atanassov [[9], [10]] as an extension of fuzzy set,
which itself develops the classical notation of a set. The intuitionistic fuzzy sets can only operate the incomplete
information considering both the truth-membership (or simply membership) and falsity-membership (or non-
membership) values. It does not operate the indeterminate and incompatible information which remain in belief
system.

Smarandache [[4], [5], [6]] introduced the approach of neutrosophic set which is a mathematical tool for handling
problems contains imprecise, indeterminate and incompatible data. The neutrosophic factors T, I, F which represents

the membership, indeterminacy, and non-membership values respectively, where ]70,1*[ is the non-standard unit
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interval, and thus defines the neutrosophic set. Nowadays the theory of neutrosophy is combained with existing
theories and widely applied in many decision problems [2, [13], 25, [26].

In 1999, Molodtsov [[3]] introduced the notion of soft set theory for dealing with complicated problems and
different types of uncertainties and the approach has been applied in diverse practical problems . Several researchers
have incorporated various mathematical hybrid structures by generalizing and expanding classical soft set theory
[[11], [14], [19]]. Maji combined the notion of soft sets and neutrosophic set together by introducing a new notion
called neutrosophic soft set [[17]] and gave application of neutrosophic soft set in decision making problem [17].
Broumi studied generalized neutrosophic soft sets [7, 8, 20, 22] and intuitionistic neutrosophic soft set [[20], [21]]
and discussed their basic definitions and operations and implemented its applications in decision making problems.
The properties and applications on the neutrosophic soft set and its extensions are studied increasingly [1, 7]. Since
then, many scholars did researches for MCDM problems with neutrosophic information and its combinations [15,

18, 23, 24, 26].

Motivated by the above said considerations, this study is organized as follows:

¢ A new notion of Generalized Possibility Neutrosophic Soft Set (GPNSS) is introduced considering the fact
that each element of the universal set is represented with a possibility degree of belongingness and the
parameters are im[lemented with a weight.

e Various algebraic properties such as generalized possibility neutrosophic soft subset, generalized
neutrosophic soft null set, and generalized neutrosophic soft universal set are defined.

¢ By employing the principles of n-norm and n-conorm, the set theoretical operations of generalized possible
neutrosophic soft sets such as union, intersection, and complement are discussed and specific algebraic
properties of these operations are analysed

o Further, a new decision making method using AND-product of generalized possibility neutrosophic soft
sets called Generalized Possibility Neutrosophic Soft Decision Making Method (GPNSDM) is proposed.

Finally a numerical example that shows the applicability of proposed technique is presented.

1. Preliminaries

DEFINITION 1.1

If X is a collection of objects denoted generically by x, then a fuzzy set A in X is a set of ordered pairs:

A = {(x,uz(0) | x €X}

usi(x) is called the membership function or grade of membership (also degree of compatibility or degree of truth) of
x in A that maps X to the membership space M (When M contains only the two points 0 and 1, A is non fuzzy and
Uz (x) is identical to the characteristic function of a nonfuzzy set). The range of the membership function is a subset
of the nonnegative real numbers whose supremum is finite. Elements with a zero degree of membership are normally

not listed.
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DEFINITION 1.2

An intuitionistic fuzzy set A in U is given by
A= {(uua(w),9,(W) |u €U}

Where p,:U - [0,1],9,:U - [0,1]
And0 < py(u) + 9,m) <1vu €U

For each u, the numbers u,(u) and 9,(u) are the degree of membership and degree of non membership of u to A,

respectively.
DEFINITION 1.3

A neutrosophic set A on the universe of discourse X is defined as A = {< x,T,(x), [,(x), F,(x) >, x € X},
where T, L F: X > ]—0,14+[and —0 < T, (x) +1,(x) + F,(x) <3+

From philosophical point of view, the neutrosophic set takes the value from real standard or non-standard subsets of
]—0,1 +[. But in real life application in scientific and engineering problems it is difficult to use neutrosophic set
with value from real standard or non-standard subset of ]—0,1 +[. Hence we consider the neutrosophic set which
takes the value from the subset of [0,1].

DEFINITION 1.4

A neutrosophic set A is contained in another neutrosophic set Bi.e. A € Bif Vx € X, T,(x) < Tg(x) , L, (x) < Iz(x)
, Fa() = Fp (x).

DEFINITION 1.6

Let U be an initial universe set and E be a set of parameters or attributes with respect to U. Let P( U ) denotes the
power set of U. Consider a nonempty set A, A € E. A pair (F, A) is called a soft set over U, where F is a mapping
given by F: A = P(U).

DEFINITION 1.7

Let U be an initial universe set and E be a set of parameters. Consider A c E. Let P(U) denotes the set of all
neutrosophic sets of U. The collection (F, A) is termed to be the soft neutrosophic set over U, where F is a mapping
given by F: A —» P(U).

DEFINITION 1.8

The class of all value sets of a neutrosophic soft set (F, E) is called value-class of the neutrosophic soft set and is
denoted by C( r . For the above Example, C(pgy = {v1,v;, vyo}. Clearly, C(rpy < P(U).

DEFINITION 1.9

Let (F, A) and (G, B) be two neutrosophic soft sets over the common universe U. (F, A) is said to be neutrosophic soft

subset of (G, B) if A € B and TF(e)(x) < TG(E)(x),IF(e)(x) < IG(e) (.X') , FF(E)(x) = FG(e)(.X') ,VeeA,x e U We
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denote it by (F, A) € (G, B). (F, A) is said to be neutrosophic soft super set of (G, B) if (G, B)is a neutrosophic
soft subset of ( F, A). We denote it by (F, A) 2 (G, B).

DEFINITION 1.10

Equality of two neutrosophic soft sets. Two NSSs (F, A) and (G, B) over the common universe U are said to be equal
if (F, A) is neutrosophic soft subset of (G, B) and (G, B) is neutrosophic soft subset of (F, A). We denote it by (F, A)
= (G, B).

DEFINITION 1.11

NOT set of a set of parameters. Let E ={e; , e,,*+ €,} be a set of parameters. The NOT set of E is denoted by 1E is
definedby TE={ 1e,;,Te,, - 1e, } where 1e; =not e;, Vi (it may be noted that 1and 1 are different operators).
DEFINITION 1.12

Complement of a neutrosophic soft set. The complement of a neutrosophic soft set (F, A) denoted by (F, A) € and is
defined as (F,A) ¢ = (F ¢, 1A); where F ¢ : TA = P(U) is a mapping given by F “(a) = neutrosophic soft complement
with Tp ()= Fr(x), Tre) = Iro and Fregy= Treo-

DEFINITION 1.13

Empty or Null neutrosophic soft set with respect to a parameter. A neutrosophic soft set (H, A) over the universe U
is termed to be empty or null neutrosophic soft set with respect to the parameter A if Ty ) (m) =0, Fy)(m) =0 and

Iyyey(m)=0, Ym € U, Ve € A In this case the null neutrosophic soft set ( NNSS ) is denoted by ®,.

2. GENERALIZED POSSIBILITY NEUTROSOPHIC SOFT SETS

In this section, we introduce a new type of set called Generalized Possibility Neutrosophic Soft Set (GPNSS) and
study a Generalized Possibility Neutrosophic Soft Decision Making Method (GPNSDMM).

DEFINITION 2.1

Let U be an initial universe, E be a parameter set, N(U) be the collection of all neutrosophic sets of U and F(U) is
collection of all fuzzy subset of U. A generalized possibility neutrosophic soft set (GPNS-set) P4 gy over U is a set of

triple defined by

Pap = {(%,{(ﬁ)j@j) ﬂ(%)(%))};ﬁ(l’(ek») tey € E}

or a mapping defined by Pig ) : E — N(U) X F(U) X N(U), where, i € Ay and k € A, P is a mapping givenby P : E
— N(U) and « (ey) is a fuzzy set such that a : E — F(U).

For each parameter

e € B, P(ex) ={{w, Tp(e) (), Ip(e) (W)  Frey (7)) s w4y €U
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indicates neutrosophic value set of parameter e, and where T, I, F are the truth, indeterminacy and falsity values
respectively of the element u; € U. Foreachu; € Uand e, €E, 0 < Tp(e,, (uj) + Ip(ek)(uj) + Fp(ek)(uj) < 3. Also

a (ey), degrees of priority given for the belongingness of elements of U in P(ey,) and B(ey) the possibility degree and

weightage given to the parameters by the experts. So we can write

Prap) (€)= {(P(e ) a(ek)(u1)> (P(e ) a(ek)(u2)> (P(e Y a’(ek)(un)> 'ﬁ(ek)}

EXAMPLE 2.2

LetU= {ul U ‘u3} be a set of three restaurants. Let E :{91,92,93} be a set of qualities where e;=Taste, e, = Variety,e;
=Service and let a : E »F(U) and § : E >N(U). We can define a function Pap;: E — N(U) X F(U) X N(U) as

follow:

(Plase) = {[(Grizos 07) (Gaszsm 03) (G3oass; 06)] - (030507}
Prapi={ Plassy(€2) = {[(m M)(M‘ﬁ ,0.7) , ((06;‘% ,0.3)] ,(0.6,0.8,0.2)}
Pesi(es) = {{(G55me7; 02) (Grisss 05) (G5oass 04)] - 050308}

For the purpose of storing a GPNS in a computer, we can use matrix notation of generalized possibility

neutrosophic soft set Pjq ). For Example, matrix notation of GPNS P4 ) can be written as follows: form, n € A,

((0.4,0.1,0.5),0.7)({0.6,0.2, 0.4, 0.3)({0.3,0.4,0.7) , 0.6)(0.3,0.5,0.7)
Plop =| ((0.7,03,0.4),0.5)((0.4,0.6,0.1),0.7)({0.6,,0.2,0.8),0.3)(0.6,0.8,0.2)
((0.5,0.5,0.4),0.1)({0.4,0.2,0.6),0.5)({0.5, 0.4, 0.3, 0.4)(0.5,0.3,0.8)

where the m-th row vector shows P(e,, ) and n-th column vector shows u,
DEFINITION 2.3

Let Prq gy, Q51 € GPN (U, E). Then, P4 gy is said to be a generalized possibility neutrosophic soft subset (GPNS-
subset) of Q[ 5], and denoted by P 5 S Q61 if

1. a(e) and S(e) are a fuzzy subset of y(e) and &(e), forall e € E
2. P is a neutrosophic subset of Q.
EXAMPLE 2.4

LetU= {ul Uy ,u3} be a set of three broadband service, and let E ={el_e2'e3} be a set of qualities where e;= Stability,

= Security, e; = price. Let Py, g be a GPNS-set define as follows:
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Prag1 =4 Pagi(e2) = {[( e ,0.6) , ( CErere ,0.7) ) ((07;‘% ,0.5)] ,(0.6,0.8,0.2)

Pla,p(e3) = {[((0.5,::.16,0.7) '0'2)'((0.6,:25,0.8) ’0'5)’ ((0.6.:+5.0.7) ’0'4)] ,(0.5,0.3,0.8)

Also we can define a function @, 51: E — N(U) X F(U)x N(U) as follows:

{P[“'m(el) = {[((0.4,:17,0.6) '0'8)'((0.8,(1;26,0.8) ’0'3)’ ((0.4.(1)+.08) '0'7)] ’(0'3’0'5’0'7)}\
}}
J

(@ s1(e0) = {|(Ganzss 08) (Goozas 03) (Grosss 07)] - (030507}
0 1@ = {((asiam 07)(aevson 02): (waasas 09)] @080}
Q0 a1(69) = {[(Gmozes 04) (555255 07) (Gosarm 06)] - (050308 J

It is clear that P[4 g) is GPNS —subset of Q[ s).

DEFINITION 2.5

Let Piq g1, Q51 € GPN (U, E). Then, Pq 5 and Q51 are called generalized possibility neutrosophic soft equal set

and denote byP[a,ﬁ] = Q[V.5] if P[a,ﬁ] c Q[V.5] and P[a,ﬁ] 2 Q[V.5] .
DEFINITION 2.6

Let Pq g1 € GPN (U, E). Then, P4 g) is said to be generalized possibility neutrosophic soft null set, denoted by ¢4 g1,
u

Tom ¥ ue U]ﬁ(P(e))} where

o(e)={{(u,0,0,1):u €U} anda(e) ={(u,0):u € U}andB(e) ={(u,0,0,1):u € U}.

if Ve €, gt E > N(U) x F(U) x N(U) such that gy, (e) = {]

DEFINITION 2.7

Let Piq 31 € GPN(U,E). Then, Py, g is said to be generalized possibility neutrosophic soft universal set, denoted by
a(e)(w):ue U], [)’(e)}
where U(e) = {{u,1,1,0:u € U} and a(e) ={(u,1):u €U }and B(e) ={(u,1,1,0):u €U }.

Utapy if ¥ € € E,Uggp : E > N(U) x F(U) x N(U) such that Upg,g(e) = {]

L
u(e)(w ’

PROPOSITION 2.8

Let P[a,ﬁ]s Q[y'(g] and H[g'd)] € GPN (U, E) Then,

L Prap) S Prap
2. Plap) S Uap)
3. P[‘LB] c ¢[0{,,8] and ¢[a,B] c H[9.¢] 1mplles P[“'B] c H[9.¢]

Proof. The proof follows from the Definitions (2.5) - (2.7)

DEFINITION 2.9
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Let Prgp; € GPN(U,E), where
Piapi(er) = {([P(ex) (wy) , a(er)(w)] , B(P(ex)) )iex € E ,u; € U}
P(e) = {{u, Tpeey (i) Ip(e,y (W) » Fpgey(Ui))} Ve, EE,u € U.
Thenfore e, € E and u; € U, and
1. P[Z’ p) is said to be truth- membership part of Py g

Pla.g) = {(Péj(er) , arj(e))} and Pj(ex) = {(W Toey(W))} » arjler) = {1, ale)w))}
2. P[Ia’ p) is said to be indeterminacy - membership part of Ppg p)

P[Ia,{)’] = {(Plfv,j(ek) , axj(ex))} and Plij(ek) =W, Ip(e,)(W)))} 5 axjler) = {(w;, aler)(w;))}
3. P[fw] is said to be falsity- membership part of P g

Plag) = {(P{j(er) , arj(e))} and Pyj(er) = {(W, Fpiey (W)} » ajler) = {1, aler)(w;)}
We can write a GPNS in form Ppg g) =(P[Z'5] , P[Ia_ﬁ] ,P[fz_ﬁ]) .
A GPNS can be expressed in matrix form.

Let us consider generalized possibility neutrosophic soft set P, g1 given in Example 2.4. Then generalized possibility

neutrosophic soft set P, 5] can be expressed in

matrix form as follows :

(0.4,0.8) (0.8,0.3)(0.4,0.7)(0.3)
Pl = (0.7,0.6)(0.5,0.7)(0.7,0.5)(0.6)
(0.5,0.2)(0.6,0.5)(0.6,0.4)(0.5)

(0.7,0.8)(0.6,0.3)(0.5,0.7)(0.5)
Plog = (0.4,0.6)(0.7,0.7)(0.4,0.5)(0.8)
(0.6,0.2)(0.5,0.5)(0.5,0.4)(0.3)

(0.6,0.8)(0.8,0.3)(0.8,0.7)(0.7)
PE 5 = (0.6,0.6)(0.5,0.7)(0.8,0.5)(0.2)
(0.7,0.2)(0.8,0.5)(0.7,0.4)(0.8)

DEFINITION 2.10
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Let Pg gy, Q.51 € GPN (U, E). The union of two GPNSs P4 g1 and Q57 over U, denote by Py 7 U Qpy 57 18

defined by

Prap1 Y Qpy 61 :{(ek! {(P' ayj(er) @ ij(ek))}ngkj (P(ex)) © 5kj(ek)) e € E}

Where

Uj

(PEjCer) @ QF (e Pl er) @k (e PE; (1) BE e

and @ represents n-conorm and & represents n-norm functions respectively.
DEFINITION 2.11

Let Piap > Qpy.51 € GPN (U, E). The intersection of two GPNSs

Piq,p) and @y, 51 over U, denote by Piq g) N Qfy,51 i defined by

Plap N Q.61 = {(ek'{(e, Ay j (er) ® ykj(ek))}lﬁkj(P(ek)) ® 5kj(€k)) e € E}

Where

Yj

(Pi(e® Qf(en, Phiter) @0l (en) . PEj(er) DeE;(er))

and @ represents n-conorm and & represents n-norm functions respectively.

EXAMPLE 2.12

Let us consider the GPNSs Py, g1 and Q[ 57 considered in Example 2.4. Let us suppose that n-norm is defined by a &

b =min {a, b} and the n-conorm is defined by a®b = max{a, b} £(0.3,0.5,0.7)or a, b € [0, 1]

Plap U Q.61 =

((Plasr Y Qa)en) = {|(Ganzeg 08) (Goozes 03) (Givsss ,0.7)],(0.3,0.5,0.7)}]

[
{I (Pl Y Qe (e = {53255 106) (G0205 7)) (Gassss 05)] - (0:608,02)
(Pl U Q) (es) = {[((0.6,0.7.0.5) 4), ((wgﬁn 07), ((os:;ﬁ 6)] (050308}

And

Piap) 0 Q.61 =
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(Prasr 0 Q)€ = {[ (s 08). (moitss 03). (5ss 07)] - 030507
(Plag) N Qpy.57)(e2) = {[((0.8'0.6'0'5) ) ((0'6’3#.3) ,0.8),((0.8'::#6) 0. )] ,(0.6,0.8,0.2)}}
(P N Q) () = {[(Goates 04) - (aretes 07) (Gretes 06)] . (0503,08))

PROPOSITION 2.13

Let P[a,ﬁ]s Q[Y.ﬁ] and H[g'd)] € GPN (U, E) Then,

1. Plap) N g = paandPg ) N Uy = Prg gy

2. Papg V ¢ = Ppgpand Pap VU, =Ug.

3. Pra,p) N(Qpy,51 N Hig,p1) =(Pla,py N Qpy,5) N Hig 9y and

4. Pa,p1 U (@51 Y Hio,g1) = (Pla,p1 Y Qpy,61) N Hig,g)-

5. Pra,p1 0@y N Hig,91) =(Prap) N Q1) Y (Prap) N Hig,g) and
6. Pa,p) Y (@51 N Hig,pp) = (Plapy Y Qys1) N (Plapy Y Hig,9))-

proof. The proof can be obtained from Definitions 2.10 and 2.11
DEFINITION 2.14

Let Pg gi€ GPN (U, E). Complement of GPNS Py g1, denoted by P[Ca_B], is defined by

Plopr = {(e ) {(#Lk)) )~ (akj(ek)( uj))) ) ~(3ij(€k))}> ) eEE}

Where, (~(Pej)(ex) ) = (~ (P (e)), ~(Pi;(e)), ~ (Pij(ex))), V keny, jen,.

EXAMPLE 2.15

Let us consider the GPNS Py, g) taken in Example 2.4. Suppose that the negation is defined by (~P,(Tj(ek)) =

Pifj(ek)a“’(Pij(ek)) = Pij(ek),“' (Plfv,j(ek)) = l'Plﬁj(ek) and ~(aij(ek)) = 1- oy;(er) and ~(ﬁiTj(ek)):

Bij(ex) ~(Bij(er)) = Bij(ex), ~(Bij(ex)) = 1-Bij(ex) respectively.

Then, ~Pry g is defined as follow:

~Plag)
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(NP[“'B](el) {[((0.6,0.3,0.4) ) ((0.8,(1)+,0.8) ’0'7) ! ((0-8.;+.0-4) 0
- ~P[°"B](62) {[((0.6,0.6,0.7) ) ((o.s,gf;o.s) '0'3)'((0.8,(1)+,0.7) 0
[

~Pregi(es) = {|(Goms5 08) (Gaozog 05) (Grossg O

PROPOSITION 2.16

Let Py gi€ GPN (U, E). Then

L. ~®rap) = Ulap)
2. ~Ula,p) = Plap)
3. ~(~Plag)) = Pag)-

Proof. It is clear from Definition 2.14.
PROPOSITION 2.17

Let P g1, Qy,51€ GPN(U,E). Then De Morgans law is valid.

2)],(0.7,0.5,0.3)}
3)].(020.2,0.6)}

4)].(080.7,05)}

L. ~(Prap1 U Q1) = ~Prag1 N ~Cpy6)-
2. ~(Prap1 N Qpy61) = ~Prag1 YU ~Cpy.6)-
Proof:
1. Let 1,] € A, N(P[Q'B] U Q[y'(g])
u.

(PLi(e) @ QF(e), Pli(e) @ QLje), Pfi(e) ® Qf(er)

@ij(ek) 'ﬁkj(ek) @ 8kj(ek)

Uj

P ujE U, e, eE

)' aj(er)

!

= €k

Vi) |~ ((Bij(e) ® 8is(en))
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= {( 4( Y ' ~(oj(er))
\

\ 'k\ Pie) ® Qfj(en), ~(Plye)) ® ~(0hen) Pl(ed) ® Qfj(en)

\\l |
® ~(ykj(ek))\|,~((skj(ek))®~(6k,-(ek>)} e U, ey B }
/ )) J

B (ek’ ((P)fj(ek), ~ (P)chj(ek)), P;{}-(ek) ) , N(akj (ek))> . (Bkj (ek))}>: e Yexel ]

B <ek’ ((P,;Fj(ek) ,(leq'(szk)) , P]fj(ek) ) , (akj (ek))> ’ (Bkj (ek))}>: e el }

W c
n {(ek'{<Q;fj(€k), L (;k)’ Q;f,-(ek), Yij(ex) )!(&(}'(Q{))})Z uje U, g€ E}

=~ Pap N~ Qs
The techniques used to prove (2) are similar to those used for (1), therefore we skip this proof.
DEFINITION 2.18

Let Pop and Qpy,51 € GPN(U, E). Then ‘AND’ product of GPNS set Po g and Q[y5) denoted by P g1AQyy,5 is

defined as follows:

PlapAQys ) =
{((ek' e1), Ple (ex) A ngj (e1), Plfr,j (ex) A 911]' (e), P}fj (ex) v g{:j (e1)), A j (ex) A Yij (e1)), Buj (ex) A 81 (91)) :

(ex,e1)eEXE,j k1€ /\}

DEFINITION 2.19

Let Ppo and Qpy 51 € GPN (U, E). Then ‘OR’ product of GPNS set Pqg; and Qpy 5 denoted by Piq g V Qpy,5) is

defined as follows:

PrognQpys1 =
{((ek' e1), Pij (ex) v Qsz(e1)' Plij(ek) v Qle(el)!P}fj(ek) A ij(eﬂ)' agj(er) vyii(er)), Brjler) v 511'(91)) :

(ex,e1)eE X E,j, k1 ex\}
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2. GENERALIZED POSSIBILITY NEUTROSOPHIC SOFT SET IN DECISION MAKING
DEFINITION 3.1

Let Qyy,s1> Lio,p1€ GPN (U, E), Piop1 = Qpy,61  Lis,4) and P[Z'ﬁ], P[Iaﬁ] and P[’;_ﬁ] be the truth, indeterminacy and
falsity matrices of A —product matrix, respectively. Then, weighted matrices of (P[aﬁ])T, (P[a,ﬁ])l

and (Ppgp;)" denoted AT- Aland A are defined as follows:

O AT(exjur) = Top, o n g gy Cere) Ur) + Wier (€1) A 8 (€)) = Topy 51 n g ey Ur)*(@ialer) A (v (e7)), B(P(ex))
O Al (ewj.ur) =loy, 5 n1p gy ey Wr) T Wier (€1) A 0jr(€))) = Iy, 511 1y g sy Ur) X (i (i) A (¥ (€7)), B(P(ex))
O AT (). ur) =Popy 5 n Lig gy (er) W) X (Yir (k) A Ojr(e))), B(P(ex))

DEFINITION 3.2

LetQpy.s), Lio,1€ GPN(U, E), Piq g1 =Qpy.51 " Lio,¢) and let AT- Aland AF be the weighted matrices of Piy )",
P[a_ﬁ])’ and P[a_l;])F respectively. Then, in the weighted matrices AT> Aland AFscores of u,, € U denoted by s”(u,,),

s!(u,) and s¥(uy,) are defined as follows:
ST (Un) = Ziejen(icj (un) X B(P(ex)))
5" (Un) = Zicjen(mij (Un) X B(P(ex)))
" (Un)=Zijer(mi; (wn) x B(P(ex)))

AT (e un), AT (e un) = max{ AT (e, Up): Uume U}

Where n;fj(um): { 0, otherwise

A" (exprun), A (e uy) = max { Al (e, up): upe U}

1 _
l(u,) =
ij (ttm) { 0, otherwise

F _ vE(ersun), v (e un) = max {vF (e, up): ume U}
T[kj(um) .
0, otherwise
DEFINITION 3.3

Let s™(u,), s'(u,) and s”(u,)be scores of u, € U in the weighted matrices AT> Al and AF.Then, decision
score of u,, € U, denoted by ds(u,,), is defined by ds(u,,) = sT(u,)) +s'(u,) - s¥(u,). Now, we construct a GPNS —

decision making method by the following algorithm:

ALGORITHM
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Step 1: Input the GPNSs,

Step 2: Construct the A-product matrix,

Step3: Construct the truth, indeterminacy and falsity matrices of the A-product matrix,
Step4: Construct the weighted matrices AT, AT and AF.

StepS: Compute score of u, € U, for each of the weighted matrices,

Step6: Compute decision score, for all u, € U,
Step7: The optimal decision is to select u, = maxds(u;)
Example

Assume that U= {C1 G, ,C3} is a set of three colleges and E = {el e ,93} = {Academics, Sports, Fine Arts} is a set of
parameters which is best college among the three, a-represents priority given to the parameters by the college and -

represents the weightage given to the parameters by the experts.
Suppose that a committee wants to award a particular college.

Step 1: Based on the choice parameters, GPNSs Q51 and Lyg 4, constructed by two experts are as follows:

(2 10 = {(Gasias 07) (w7505 03) (Gworas 05) - (03050‘0\
Q1= U 1) = (755 05) - (Grezos 06) (G3iseg 07) - (07.030.6))

0y 51(e2) = {(Grotss 05) . (grates 04) . (Gotss 03) ,(090203)}

also we can define a function Qp,, 51: E — N(U) X F(U) X F(U) as follows:

toae) = {(Gzres ) (@neon 02) (Gaires 09) (080105}

J Logie) = {(rosem 07) (Gasaem 03)- (Ganess 05) - 030602))) |
| |
L Logi(ed) = {(50257 08) (gontas 04) (aretes 05) . (0:40309))

Step 2: Let us consider GPNS A-product P45 = Q51 A Lig,¢) Which is the mapping A : E x E — N(U) x F(U) x
N(U) given as follows:
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Uy, a U,,a Uz, a B \

((0.4,0.5,0.6),0.7) ({0.7,0.3,0.5),0.3) ({0.5,0.6,0.6),0.5) (0.3,0.5,0.4)
({0.5,0.5,0.6),0.5) ({0.3,0.3,0.5),0.3) ({0.5,0.7,0.6),0.5) (0.3,0.1,0.5)
((0.3,0.2,0.7),0.6) ({0.7,0.3,0.6),0.2) ({0.7,0.5,0.6),0.6) (0.3,0.3,0.9)
((0.4,0.3,0.6),0.5) ({0.8,0.4,0.5),0.3) ({0.3,0.5,0.5),0.5) (0.3,0.3,0.6)
((0.4,0.3,0.6),0.5) ({0.3,0.6,0.4),0.6) ({0.3,0.5,0.5),0.7) (0.7,0.1,0.6)
((0.3,0.2,0.7),0.5) ({0.8,0.5,0.6),0.5) ({0.3,0.5,0.5),0.5) (0.4,0.3,0.9)
((0.4,0.3,0.6),0.5) ({0.5,0.4,0.5),0.3) ({0.5,0.4,0.6),0.3) (0.3,0.2,0.5)
((0.5,0.3,0.6),0.5) ({0.3,0.6,0.4),0.4) ({0.5,0.4,0.6),0.3) (0.8,0.1,0.5)
((0.3,0.2,0.6),0.5) ({0.5,0.5,0.6),0.4) ({0.6,0.4,0.6),0.3) (0.4,0.3,0.9)

Step 3: We construct matrices P[Z’m, P[Ia’ﬁ] and P[I;.B] as follows:

/ A U, a U,,a Uz, 3T\

(0.4,0.7) (0.7,0.3) (0.50.5) (0.3)
(0.5,0.5) (0.3,0.3) (0.5,0.5) (0.3)
(0.3,0.7) (0.7,0.3) (0.7,0.6) (0.3)
e,1 |(0.4,05) (0.8,0.3) (0.3,0.5) (0.3)
e,; |(0.4,0.5) (0.3,0.6) (0.3,0.7) (0.7)
€23 |(0.3,0.5) (0.8,0.5) (0.3,0.5) (0.4)
€31 |(0.4,0.5) (0.5,0.3) (0.5,0.3) (0.3)
€32 |(0.5,0.5) (0.4,0.4) (0.5,0.3) (0.8)
€331(0.3,0.5) (0.5,0.4) (0.6,0.3) (0.4)

/Al W@ Uy, a uz,a B!

(0.4,0.7) (03,0.3) (0.6,0.5) (0.5)
(0.4,0.5) (03,0.3) (0.7,0.5) (0.1)
(0.2,0.7) (03,0.3) (0.5,0.6) (0.3)
e,1|(0.3,0.5) (0.4,0.3) (0.50.5) (0.3)
€,4(0.3,0.5) (0.6,0.6) (0.50.7) (0.1)
€23((0.2,0.5) (0.5,0.5) (0.5,0.5) (0.3)
€31/(0.3,0.5) (0.4,0.3) (0.4,0.3) (0.2)
€32((0.3,0.5) (0.6,0.4) (0.4,0.3) (0.1)
€33((0.2,0.5) (0.5,0.4) (0.4,0.3) (0.3)

/A U, Qa U,,a Uz, 31’ \
(0.6,0.7) (0.5,0.3) (0.6,0.5) (0.4)
(0.6,0.5) (0.5,0.3) (0.6,0.5) (0.5)
e;3 |(0.7,0.7) (0.6,0.3) (0.6,0.6) (0.9)
e,1 1(0.6,0.5) (0.5,0.3) (0.5,0.5) (0.6)
e,,1(0.6,0.5) (0.4,0.6) (0.5,0.7) (0.6)
€,31(0.7,0.5) (0.6,0.5) (0.5,0.5) (0.9)
€31(0.6,0.5) (0.5,0.3) (0.6,0.3) (0.5)
€32 ((0.6,0.5) (0.4,0.4) (0.6,0.3) (0.5)
€331(0.7,0.5) (0.6,0.4) (0.6,0.3) (0.9)

DOI: 10.5281/zenodo.4925967

128



International Jonrnal of Neutrosophic Science (IINS) Vol 14, No. 2, PP. 115-131, 2021

Matrix P{; g) of A -product

Step 4: We obtain weighted matrices AT, A and AF as follows:

r_fn?‘ Uy @ Uy @ Uy, @ QT \"1 A Uy, @ U, Uy, B \ /AT |uy, @ Uy, @ ug, @ gF
ey, | 082 0.79 07503 ey, 0.85 0.51 0.80 05 e.,| 042 0.15 0.1504
€2/ 0.75 0.51 07003 ey, 0.70 0.51 0.850.1 e,,| 015 0.12 01505
e;3 0.79 0.79 0.880.3 0.76 051 0.80 03 e,049 0.18 0.24 09
e, 0.70 0.86 0.650.3 e,,| 0.65 0.58 €;1]0.30 0.12 0.1506
€| 0.70 0.72 0.790.7 |’ | ¢,,| 0.65 0.84 0.8501 [*| e:2|0.15 0.24 02106
e, 0.65 0.90 0.6504 €| 0.60 0.75 0.75 03 e,2(0.35 0.20 0.200.9
s, 1070 0.65 0.650.3 e;,| 0.65 0.58 058 0.2 es,]0.30 0.09 0.09 05
\En 10.75 0.58 0.65 U.B} e, 0.65 0.76 0.580.1 e;; [0.15 0.12 0.09 05
23310.65 0.7 Eﬂq. es5] 0.60 0.70 ﬁ"ﬁﬂg €33 0_30 0.12 01209

Above are the matrices P[Z’ B> P[Iaﬁ] and P[’;ﬁ] from left to right, respectively
Step 5: For all u € U, we find the scores.

sT(uy) =1.281, sT(u,) = 0.618, sT(u3) = 1.105

sT(uy) =0.555, s (uy) = 0.286, s’ (uz) = 0.86

sF(uy) =1.599, sF(u3) =0.144, sF (u3) = 0.075

Step 6: For each u € U, we find a decision scores.

ds(u,) =1.281 +0.555-1.599=0.237

ds(u,) =0.618 + 0.286 — 0.44 = 0.464

ds(uz) =1.105+0.86 — 0.075=1.89

Step 7: Then the optimal selection of the committee is the college Cs.
Conclusion

In this work, we devised the concept of Generalisd Possibility Neutrosophic Soft Set (GPNSS) and studied
generalized possibility neutrosophic soft set operations and discussed some properties related with defined operations.
We constructed a MCDM based on generalized possibility neutrosophic soft set and a numerical example is presented.

The proposed method can be applied in many different fields to solve the related problems.
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