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Abstract: In this paper, we first propose the concept of Vague-valued possibility Neutrosophic
vague soft expert sets (VPNVSEsets in short). It is a combination of vague-valued possibility
neutrosophic vague sets and soft expert sets. We also define its basic operations and study some
related properties. Lastly an algorithm is proposed applied to the concept of vague-valued
possibility Neutrosophic vague soft expert sets in hypothetical decision making problem. Here we
associate the degree of belongingness degree of indeterminacy and non-belongingness of the
elements of universe set with the vague —valued possibility set.
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1. Introduction

Most real life problems involve data with a high level of uncertainty and imprecision.
Traditionally, classical mathematical theories such as fuzzy mathematics, probability theories and
interval mathematics are used to deal with uncertain and fuzziness. But all these theories have their
difficulties and weakness as pointed out by Molodstov [14]. This led to the introduction of the theory
of soft sets by Molodstov [14] in 1999. However, in order to handle the indeterminate and inconsistent
information, neutrosophic set is defined [18]. The theory of vague set was first proposed by Gau and
Buehrer [12]. It is an extension of fuzzy set theory. In 2010,W. Xu J. Ma, S. Wang and G. Hao,
introduced Vague soft sets and their properties as a generalization of [12]. G. Selvachandran and
A.R. salleh [19], introduced Possibility vague soft expert theory and its application in decision
making.

In, [18] Smarandache talked about neutrosophic set theory. It is an important new
mathematical tools for handling problems involving imprecise, indeterminacy and inconsistent data.
Neutrosophic vague set was defined by S. Allehezaleh [2] in 2015. The concept of neutrosophic vague
soft expert set was first introduced by Ashraf Al-Qurn and N. Hassan in 2016 [16]. It is the
combination of neutrosophic vague sets and soft expert sets. In2016,[19] G.Selvachandran and Abdul
Razak Salleh introduced the concept of Possibility Intuitionistic Fuzzy Soft Expert and Its Application
in Decision Making . In [15], Mukherjee and Sarkar introduced the concept of possibility interval
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valued intuitionistic fuzzy soft expert theory which is a generalization of [20]. N. Hassan and A.Al-
Quran [13], introduced Possibility Neutrosophic Vague soft expert set for decision under uncertainty.

For further applications we refer the papers{[4],[5],[6],[7],[8],[9],[10],[11]}.

We first introduce the concept of vague-valued possibility neutrosophic vague soft expert set.
It is a combination of vague-valued possibility neutrosophic vague set and soft expert set. The
concept is to improve the reasonability of decision making in reality. Next we define its basic
operation as a generalization of [13]. Finally we present an application of this concept in solving a
decision making problem.

2. Preliminaries

We give some basic notions in neutrosophic vague set, neutrosophic vague soft set, soft

expert set and neutrosophic soft expert set.
Definition 2.1. [ 2] A neutrosophic vague set Anv(NVS in short) on the universe of discourse X written
as Anv = {<x; TAyy (x); [Ayy (x); FApy (x)> xeX} whose truth-membership, indeterminacy-
membership, and falsity-membership functions is defined as TAyy (x) = [T, T*], [Ayy(x) = [I, I*] and
FAyy(x) = [F, ], where (1) T*=1-F, (2) F-'=1-T-and (3) 0< T +I +F <2~
Definition 2.2. [2 ] If Wnv is a NVS of the universe U, where Yui€lU, TWyy, (x) =[1, 1], [¥yy(x)=[0, 0],
F¥y,(x)=[0, 0], then Wnv is called a unit NVS, where 1 <i<n. If ®xvis a NVS of the universe U, where
vu€eU, TWyy (x)=[0, 0], Wy (x)=[1,1], F¥yy,(x)=[1, 1], then ®nv is called a zero NVS, where 1 <i <
n
Definition 2.3.[ 2] Let Axv and Bxv be two NVSs of the universe U. If Vui€lU, (1) TAyy(ui)= TByy (w),
(2) TAyy(ui)= [Byy(uwi)and (3) FAyy(ui)= FByy(ui), then the NVS Anv is equal to Bnv, denoted by
Anv=Bnv, where1<i<n.
Definition 2.4. [2 ] Let Axv and Bnv be two NVSs of the universe U. If Vui€U, (1) TAyy (w) <
TByy(w), (2)[Ayy () 2[Byy (ui) and (3)FAyy(ui) > FByy(wi), then the NVS Anv is included by Bnv,
denoted by AnvE Bnv, where1<i<n.
Definition 2.5. [2 ] The complement of a NVS Anv is denoted by Ac and is defined by

TeAyy(x) =[1- T, 1-T],

Ay, (x)=[1-T+, 1 -1, and

FeAyy(x)=[1-F+, 1-F1.
Definition 2.6.[ 2] The union of two NVSs Anv and Bnv is a NVS Cnv , written as Cnv = AnvU Bv,
whose truth-membership, indeterminacy-membership and false-membership functions are related
to those of Axv and Bav given by
Teny ()= [max (T, Tayy) max (Tiy,, Tiy )]
Iy, (x)= [min (I;NVX, IgNVx), min (IXNVX, Igwx)] and
Fowy ()= [min (Fiy,, Fayy ) min (Fiy, , Fiyy )l
Definition 2.7.[2] The intersection of two NVSs Anv and Bnv is a NVS Cnv, written as Hnv = Anv N
Bnv , whose truth-membership, indeterminacy-membership and false-membership functions are
related to those of Anv and Bnv given by
Ty ()= [Min(Tiy,, , T, ), min (T, Ti, )]

Iy, ()= [max (I;NVX, IENVX), max (IXNVX, Igwx)] and
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Fuy, ()= [max (Fa, , Fgy, ), max (FA+NVXI FENVX)]

Definition 2.8. [17] LetU be an initial universal set . Let E be a set of parameters. Let NV(U) denote
the power set of all neutrosophic vague subsets of U and let ACE. A collection of pairs (F, E ) is called
a neutrosophic vague soft set {NVSset} over U, where F is a mapping given by F : A — NV(U).

Let U be a universe. E a set of parameters. X a set of experts (agents), and O a set of opinions. Let Z =
ExXxOand ASZ.

Definition 2.9. [3] A pair (F, A) is called a soft expert set over U, where F is a mapping given by F : A
— P(U), where P(U) denotes the power set of L.

Let U be a universe, E a set of parameters, X a set of experts (agents), and O = {1 = agree, 0 = disagree}
a set of opinions. Let Z=E x X x O and ASZ.

Definition 2.10. [16] A pair (F, A) is called a neutrosophic soft expert set (NSES in short) over U,
where F is a mapping given by F : A — PN(U), where PN(U) denotes the power neutrosophic set of
u.

Let U be a universe, E a set of parameters, X a set of experts (agents), and O = {1 = agree, 0 = disagree}
a set of opinions. Let Z=E x X x O and ASZ.

Definition 2.11. [16] A pair (F, A) is called a neutrosophic vague soft expert set over U, where F is a
mapping given by F :A — NVY, where NVU denotes the power neutrosophic vague set of U.
Suppose F :A — NVUis a function defined as F(a) = F(a)(u), Yu€U. For each ai€A,F(ai) = F(ai) (u), where
F(ai) represents the degree of belongingness, degree of indeterminacy and non-belongingness of the

elements of U in F(ai). Hence F(ai) can be written as:

F@) = {-—2—} fori=1,2,3, ..

F(a)(ug)

Where F(a)(w) = < [Tr@ap @), Tray®@) 1 Hr@p@), Ifap @) L Fray @), Fra,@)] > and
Ty W) = 1= Friap @), FigyW) = 1- Tpy @) with [Ty W), Tiey @)l U@y @), L)@l
and[Fpq, (u:), F;’(ai) (u;)] representing the truth-membership function, indeterminacy-membership
function and falsity-membership function of each of the elements ui€l, respectively.

Example 2.12 [16]. Suppose that a company produced new types of its products and wishes to take
the opinion of some experts concerning these products. Let U = {u1, u2, us, u4} be a set of products. E =
{e1, e2} a set of decision parameters where ei(i = 1, 2) denotes the decision “easy to use,” and “quality,”
respectively. Let X = {p, g} be a set of experts. Suppose that the company has distributed a
questionnaire to the two experts to make decisions on the company’s products, and we get the
following:

F(ei, p, 1)

Uq Uz usz Uy }
{<[0.2,0.8]; [0.1,0.3]; [0.2,0.8]> " <[0.1,0.7]; [0.2,0.5]; [0.3,0.9] >’ <[0.5,0.6]; [0.3,0.7]; [0.4,0.5]> " <[0.8,1]; [0.1,0.2]; [0,0.2]>’

F(ey, g9, 1)

_ Uy Uz uz Uy }
{<[0.8,0.9]; [0.3,0.4]; [0.1,0.2]>" <[0.2,0.4]; [0.2,0.4]; [0.6,0.8]> <[0,0.5] ; [0.5,0.7]; [0.5,1]> <[0.6,0.7]; [0.2,0.4]; [0.3,0.4]>

F(e2, p, 1)

_ Uuq Uy us Uq }
{<[0.3,0.9]; [0.1,0.3]; [0.1,0.7]> " <[0.2,0.5]; [0.2,0.5]; [0.5,0.8]>’ <[0.6,0.9]; [0.1,0.7]; [0.1,0.4]>’ <[0.2,0.4]; [0.2,0.2]; [0.6,0.8]>
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F(e2, g9, 1)

ug Uz uz Uy }
{<[0.4,0.6]; [0.1,0.4]; [0.4,0.6]> " <[0.1,0.3]; [0.2,0.4]; [0.7,0.9]> " <[0.1,0.5]; [0.5,0.7]; [0.5,0.9]> <[0.2,0.7]; [0.2,0.4]; [0.3,0.8]>

F(ey, p, 0)

Ug Uz us Ug }
{<[0.2,0.8]; [0.7,0.9]; [0.2,0.8]>" <[0.3,0.9]; [0.5,0.8]; [0.1,0.7]>’ <[0.4,0.5]; [0.3,0.7]; [0.5,0.6]> <[0,0.2]; [0.8,0.9]; [0.8,1]>

F(e1, g, 0)

Uy Uz us Ug }
{<[0.1,0.7]; [0.7,0.9]; [0.3,0.9]>" <[0.5,0.8]; [0.5,0.8]; [0.2,0.5]> <[0.5,1] ; [0.3,0.5]; [0,0.5]> " <[0.3,0.4]; [0.6,0.8]; [0.6,0.7]>

F(e2, p, 0)

Uy Uz uz Uy }
{<[0.2,0.8]; [0.7,0.9]; [0.2,0.8]> " <[0.3,0.9]; [0.5,0.8]; [0.1,0.7]> <[0.1,0.4]; [0.3,0.9]; [0.6,0.9]> " <[0.6,0.8]; [0.8,0.8]; [0.2,0.4]>

F(e2, g, 0)

Uy uy u3 Uy
{<[0.4-,0.6]; [0.6,0.9]; [0.4,0.6]>" <[0.7,0.9]; [0.6,0.8]; [0.1,0.3]>’ <[0.5,0.9]; [0.3,0.5]; [0.1,0.5]> " <[0.3,0.8]; [0.6,0.8]; [0.2,0.7]>}
The neutrosophic vague soft expert set (F, Z) is a parameterized family {F(e:), i=1, 2, 3, ...} of all
neutrosophic vague sets of U and describes a collection of approximation of an object.
Definition 2.13. [16 ]. The complement of a NVSE set (F,A) is denoted by (F, A) and is defined by (F,
A)e=(F¢, A) where F: A — NVUis a mapping given by F¢ (a) = é(F(a)), Va€A.
Where ¢is a neutrosophic vague complement.
.Definition2.14. [15] The union of two NVSE sets (F, A) and (G, B) over U, denoted by(F, A)U (G, B),
is a neutrosophic vague soft expert set (H, C), where C = AUB and Ve€ C,
F (¢),ife € A — B,
(H,C) = G (e),ife € B — A, where U denotes the union of the neutrosophic vague set
F(e)U G (¢),ife€e AN B
Definition 2.15. [16] The intersection of two neutrosophic vague soft expert sets (F, A) and (G, B) over
a universe U, is a neutrosophic vague soft expert set (H, C), denoted by (F, A)\ (G, B) such that C =
A nBandVe€ec
F(e),ife € A — B,
(H C)= G(e),ife € B — A wheren denotes the intersection of neutrosophic vague set.
F(e)A G(¢),ife € AN B
Definition 2.16 [16].Let (F,A) and (G, B) be any two NVSE sets over a soft universe (U, Z).
Then “(F,A)AND(G, B)” denoted (F,A) A (G, B) is defined by (F,A)A (G, B) = (H, AxB), where
(H, AxB) = H(a, B), such that H(a, ) = F(a) n G(B), for all (a, ) €A x B, where N represents the basic
intersection.
Definition 2.17[ 16 ].Let (F,A) and (G, B) be any two neutrosophic vague soft expert sets over a soft
universe (U, Z).
Then “(F,A) OR (G, B)” denoted (F,A)V (G, B) is defined by (F,A)V (G, B) = (H,A x B), where (H, A x
B) = H(a, B), such that H(a, f) = F(a) UG(B), for all (a, ) EA x B, where Urepresents the basic union.
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Definition 2.18 [16]. Let U be a Universe. E a set of parameters, X a set of experts. Q = {1 = agree, 0
= disagree} a set of opinions. Let Z = ExXxQ and AEZ.

Let U= {u1,uy, ...,un} be a universal set of elements, let E= { e1, e2, e3,------ , em} be a universal set of
parameters . Let X = {x1,x2, ..., xi} be a set of experts and let Q = {1 = agree, 0 = disagree} be a set of
opinions. Let Z = ExXxQ and AEZ. Then the pair (U, Z) is called a soft universe. Let F:Z—NVSs(V),
and p be a fuzzy subset of Z define by p: Z—1 Y, where IV is the collection of all fuzzy subsets of U.
Suppose Fp: Z—NVSs(U)xIY be a function define by Fp= {(F(Z)(ui), P(Z)(ui))},for all ui€U.. Then Fp is
called a possibility neutrosophic vague soft expert set (denoted by PNVSES) over the soft universe
(U, Z). For each zi€Z, Fp(zi) = (F(zi)(w), P(zi)(ui)) where F(zi) represent the degree of belongingness
degree of indeterminacy and non-belongingness of the elements of U in F(zi) and P(zi) represents the

degree of possibility of belongingness of the elements of U in F(z).

3. Vague-valued possibility neutrosophic vague soft expert set

In this section we introduce the definition of a vague-valued Possibility neutrosophic vague
soft expert se t(VPNVSE set)}.

Let U be a Universe. E a set of parameters. X a set of experts and Q = {1 = agree, 0 = disagree}
a set of opinions. Let Z = ExXx() and ASZ.
Definition3.1. Let U={uij,uz, ...,un} be a universal set of elements, let E= { e1, e2,e3------ ,em} be a
universal set of parameters . Let X = {x1,x2, ..., xi} be a set of experts and let Q = {1 = agree, 0 = disagree}
be a set of opinions. Let Z = ExXx(Q) and ASZ. Then the pair (U, Z) is called a soft universe. Let
F:Z—>NVS5s(V), and p be a vague- valued subset of Z define by p: Z—V(U).
Suppose Fp: Z—>NVSs(U)xV(U) be a function define by Fp= {(F(Z)(ui), P(Z)(u))}, YuieV. Then Fp is
called a vague- valued possibility neutrosophic vague soft expert set (denoted by VPNVSEs) over the
soft universe (U, Z). For each zieZ, Fp(zi) = (F(zi)(ui), P(zi)(ui)) where F(zi) represent the degree of

belongingness degree of indeterminacy and non-belongingness of the elements of U in F(zi).
So F(zi)(ui) = {[Tp_(zi) (uy), T;(zi) (u)], [I;(zi)(ui)' I;‘-(zi) (w)l, [FF_(zi) (uy), F;(z,-) @)1}

and  Tr,)(W) =1 Fr (W), FigyW) =1=Tryw) with [ Trey @), Tegy )]
[ e @), Irp@)] [ Frepy@a), Figy(w)] representing the truth membership function
indeterminacy membership function and fails membership function of each of the elements

uie U respectively. P(zi) represents the vague —value [ ta(x), 1-fa(x)],indicates that the exact grade of
membership of x to A( which may be unknown but it is bounded by ta(x) and 1-fa(x).. Hence Fp(zi)

Ui

F(zp)(up)

can be written as Fp(zi) = {{( ) , P(Zi)(ul-)} fori=1,2,3,...... , . The VPNVSEs(Fp,z) can be written

simply as Fp. If ASZ, it is also possible to have a VPNVSEs(Fp, A). For simplicity we take the set of

opinion contains of only two values namely agree and disagree.

Suppose that a company produced new types of its products & wishes to take the opinion of
some experts corresponding those products. Let U = {u1, uz, us} be a set of products. E = {e1, e2} a set of
decision parameters. Here, ei (i=1,2) denote the decision “easy to use” and “equality”. Let X = {p,
q} be a set of experts. Suppose that the company has distributed questionnaire to, the two experts to

make decisions on the company products. Then we have to following.
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Fp: Z5VNVSs(U)xV(U) is a function then

Ug Uy usz
Ep(es, p, 1) {([0 2,0.8]; [0.1,0.3]; [0.2,0.8] ,[0.3,0.5], ([0_1,0_7]; [0.2,0.5]; [0.3,0.9] [0.50.7], ([0.5,0.6]; [0.3,0.7]; [0.4,0.5]
,[0.7,0.9]}
_ Uy Uy us
Fy(er, 9 = {([0.8,0.9]; [0.3,0.4]; [0.1,0.2] [0.4,0.6], ([0.2,0.4]; [0.2,0.4]; [0.6,0.8] [0-6,0.8], ([0.0,0.5]; [0.5,0.7]; [0.5,1]
,[0.8,1]}

_ U Uz usz
Fylez, p, 1) = {([0309] [0.1,0.3];[0.1,0.7] [0.5,0.7], ([0.2,0.5]; [0.2,0.5]; [0.5,0.8] [0.6,0.8], ([0.6,0.9]; [0.1,0.7]; [0.1,0.4]
,[0.3,0.5]}
F 1 { [0.2,0.4] 2 [0.4,0.6] b

ez g, 1) = ([0406 [0104] [0.4,06] "tV ([0.1,0.3]; [0.2,0.4];[0.7,0.9] 't TV ([0.1,0.3];[0.5,0.7];[0.7,0.9]

,[0.7,0.9]}

_ Uuq Uz us
Fyes, p, 0) = {([0.2,0.8]; [0.7,0.9]; [0.2,0.8] 101,0.3], ([0309] [0.5,0.8]; [0.1,0.7] 10:3,0.6], ([0.4.0.5];[0.3.0.7];[0.5.0.6]
,[0.5,0.7]}

_ Uuq Uz us
Fier, g 0) = {([0.1,0.21: [0.6,0.7]; [0.8,0.9] 10.8,09], ([0-6.0-8]: [0.6,0.8]; [0.2,0.4] 10-6,08], ([0.5,1]; [0.3,0.5]; [0,0.5]
,[0.3,0.71}

Uy

= Uz usz
Fy(e, p, 0) = {([0.1,0.7]; [0.7,0.9]; [0.3,0.9] 103,06] (

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

,[0.2,0.5],

,[0.3,0.7]}

_ Uuq Uz us
Fi(ez, g, 0) = {([0‘4’0‘6];[0‘8‘0.9];[0_4’0_6] /[0.20.5], ([0‘7‘0.9];[0,6,0,8];[0,1,0.3] 104,06 ([0.5,0.9];[0.3,0.5];[0.1,0.5]

,[0.5,0.7]}

Thus we have the VPNVSE set (Fp, Z) as follows:

_ - Uuq Uz
(e, Z) =l p 1) {([0208] [0.1,0.3]; [0.2,0.8] [0.3,0.5], ([0.1,0.7]; [0.2,0.5]; [0.3,0.9] 10.50.7],
us
([0.5,0.6]; [0.3,0.7]; [0.4,0.5] [0.7,0.91}
_ Uuq Uz us
(e p 1) = {([0309] [0.1,0.3]; [0.1,0.7] [0.5,0.7], ([0.2,0.5]; [0.2,0.5]; [0.5,0.8] ,[0.60.8], ([0.6,0.9]; [0.1,0.7]; [0.1,0.4]

,[0.3,0.5]}

Anjan Mukherjee, Vague —Valued Possibility Neutrosophic Vague Soft Expert Set Theory And Its Applications



Neutrosophic Sets and Systems, Vol. 29, 2019 148

Uz
[0.2,0.4]; [0.2,0.4]; [0.6,0.8]

us
[0.0,0.5]; [0.5,0.7]; [0.5,1]

(e1, g, 1) = {( 1 ,10.4,0.6], (

[0.8,0.9]; [0.3,0.4]; [0.1,0.2]

,[0.6,0.8], ( ,[0.8,1]}

_ U Uy us
(e g, 1) = {([0406 1; [0.1,0.4]; [0.4,0.6] [0.2,04], ([0.1,0.3]; [0.2,0.4]; [0.7,0.9] [0.4,0.6], ([0.1,0.3]; [0.5,0.7]; [0.7,0.9]
,[0.7,0.9]}

_ Uy Uz Uz
(e, p, 0) = {([0.2,0.8]; [0.7,0.9]; [0.2,0.8] [0.1,0.3], ([0.3,0.9];[0.5,0.8]; [0.1,0.7] [0.3,0.5], ([0.4-,0.5];[0.3,0.7];[0.5,0.6]
,[0.5,0.7]}

_ Uq Uz us
(2 p, 0) = {([0.1,0.7]; [0.7,0.9]; [0.3,0.9] [0.2,0.5], ([0508] [0.5,0.8]; [0.2,0.5] [0.3,0.6], ([0.1,0.4]; [0.3,0.9]; [0.6,0.9]
,[0.3,0.71}

,[0.8,0.9], ( oc” ,[0.6,0.8], ( o ,[0.3,0.6]}

[0.6,0.8]; [0.6,0.8]; [0.2,0.4] [0.5,1]; [0.3,0.5]; [0,0.5]

(e1,q,0)= {([0102 [0607] [0.8,0.9]

Uz
[0.7,0.9]; [0.6,0.8]; [0.1,0.3]

us
[0.5,0.9]; [0.3,0.5]; [0.1,0.5]

,[0.4,0.6], (

= Uy
(@ q 0) {([0406 1; [0.8,0.9]; [0.4,0.6] 10-20.3], (

,[0.5,0.7]}
The collection (Fp, Z) is a VPNVSE set over the soft inverse (U, Z).

Definition 3.3: Let (Fy, A) and (Gy, B) be two VPNVSE sets over the soft inverse (U, Z) then (Fp, A) is
a VPNVSE sub set of (Gy, B) if AcBand for all e€ A the following conditions are satisfied.

(1) p(e)isa vague sub set of q(g).

(ii) F(e)is a neutrosophic vague soft set of G(g).
It is denoted by (Fp, A)c(Gq, A). Then (Gq, A) is called aVague-valued possibility neutrosophic soft
expert superset of (Fp, A).

Definition 3.4.Let (Fp, A) and (G, B) be two VPNVSE sets over the soft inverse (U, Z) then (Fy, A)
equal to (Gy, B) if for all e A the following holds

(i) p(e) = q(e).
(ii) F(e) = G(e).

In other words (Fp, A) = (G, B) if (Fp, A) is a subset of (G4, B)and (Gq, B) is a subset of (Fy, A).

4. Basic Operations On Vague-Valued Possibility Neutrosophic Soft Expert Sets.
Now we introduce some basic operations on PNVSE sets. These are ‘complement” Union &

intersection. Then we study some of the properties related to these operations.
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Definition 4.1 Let (Fp, A) be a VPNVSE set over the soft universe (U, Z) then the complement of (Fp,
A) denoted by (Fp, A)<is defined as

(Fp, A)e= (c(Fa), c(P(a))) V a EA.
Where ¢ aneutrosophic vague complement and c is a Vague-valued set complement.
If A be a vague set over the universe U, then
A =[{x, ta(x), 1-fa(x)}: x€V} in this definitionta(x) is a lower bound on the grade of membership of x
to A derived from the evidence for x and fa(x) is a lower bound on the negation of x to A derived
from the evidence against x. The vague value [ta(x), 1-fa(x)] indicates that the exact grade of
membership of x to A may be unknown, but it is bounded by ta(x) & 1-fa(x). It is to be noted that
every fuzzy set a correspondence to the following vague set: a = {(x, [a(x), 1- a(x)]): x€ U} thus the
notion of vague sets is a generalization of fuzzy sets. The complement of the vague set A is Ac=[{x,

fa(x), 1-ta(x)}: xeU}.

Example 4.2: Consider the VPNVSE (Fr, A) over a soft universe (U, Z) as an example 3.2. Now by

definition 4.1 (Fp, A)cis given as follows:

Uy

¢ = = uz
(Fr, 2) ey po 1) {([0.2,0.8];[0.7,0.9];[0.2,0.8] 405, 0.71), ([0.3,0.9];[0.5,0.8];[0.1,0.7] » 103, 0.5)),

Uy
[0.1,0.7]; [0.7,0.9]; [0.3,0.9] ~

Uz
[0.5,0.8]; [0.5,0.8]; [0.2,0.5] ~

( - [0.1, 0.3])}, (e2, p, 1) = {(

[0.4,0.5]; [0.3,0.7]; [0.5,0.6] ~

[0.3, 0.5]), (

Uy

us _
([0.1,0.4—];[0.3,0.9];[0.6,0.9] , [05 07D (e, 9 1) = {([0.1,0.2];[0.6,0.7];[0.8,0.9] , (0.4, 0.6]),

[0.2, 0.4]),

uz
[0.5,1]; [0.3,0.5]; [0.0,0.5]

Uy

Uz
( [0-2,04]), ( {([0.4,0.6]: [0.6,0.9]; [0.4,0.6] ~

[0.6,0.8]; [0.6,0.8]; [0.2,0.4] ~

,10.0,0.21, (2, 9, 1) = [0.6,

( -
[0.7,0.9]; [0.3,0.5]; [0.1,0.3]

Uz
0.8]), ([0.7,0.9];[0.6,0.8];[0.1,0.3] , (0.4, 0.6]),

, [0.1, 03DhL(er, p, 0) =

Uz
[0.1,0.7]; [0.2,0.5]; [0.3,0.9]

uz
[0.5,0.6]; [0.3,0.7]; [0.4,0.5]

{( ke [0.7, 0.9]), (

[0.2,0.8]; [0.1,0.3]; [0.2,0.8] ~ ,105,0.7]), (

, [0.3, 0.5])},

Uz
[0.2,0.5]; [0.2,0.5]; [0.5,0.8] ~

us
[0.6,0.9]; [0.1,0.7]; [0.1,0.4] ~

e , [0.5, 0.8]), (

(e, p, 0) = {([0.3,0.9]; [0.1,0.3]; [0.1,0.7] [0.4, 0.7]), (

Uy uz

(0.3, 0.7D) (er, g, 0) = {([0.8,0.9]; [0.3,0.4];[0.1,02] ~ [0.1, 0.2)), ([0.2,0.4];[0.2,0.4];[0.6,0.8] » 102, 04]),

Uy
[0.4,0.6]; [0.1,0.2]; [0.4,0.6

Uz
[0.1,0.3]; [0.2,0.4]; [0.7,0.9] ~

( 13 [0.4,0.7]}, (e2, g, 0) = {(

[0,0.5]; [0.5,0.7]; [0.5,1] ~

[ [0.5, 0.8]), ( [0.4,

uz
0.6]), ([0.1,0.5]; [0.5,0.7];[0.5,0.9] ~ [0.3,0.5])}

Proposition 4.3: Let (Fp, A) be a VPNVSE set over the soft universe (U, Z) . Here,(Fp, A) = (F(e), p(e))
then ((Fp, A)9)c= (Fp, A).

Proof: Let (Fp, A)c=(Gq, B) then by definition (Gq, B) = (G(e), q(e))
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G(e) = C(F(e)) and q(e) = C(p(e)). Where ¢ a neutrosophic vague complement and c is a Vague-

valued set complement.

So it follows that

(Ga B)e = {C(G(e)), C(q(e)}
= {C(C(F(e))), C(C(p(e))}
= (F(e), p(e)) = (Fp, A)
((E(e), p(e))c = (Fp, A)

Definition 4.4: Let (Fp, A) and (Ggq, B) be two V PNVSE set over a soft universe (U, Z) then the
intersection of (Fp, A) and (Ggq, B) denoted by (Fp, A) N (Gq, B) is a VPNVSE set defined as (Fp, A) N
(Gq, B) = (Hr, C),

where C=A N Band
r(a)=p(a) N q(a) YaeC

H(a)=F(a) N G(a) Ya eC

Fa) ifae€A—B
And H(a) = {G(a) ifae€eB—-A
F(a) N G(a) ife€ANB

Definition 4.5 Let (Fp, A) and (Ggq, B) be two VPNVSE sets over a soft universe (U, Z). Then the union
of (Fp, A) and (Gq, B) denoted by (Fp, A) U(Gq, B) is a PNVSE set defined as (Fp, A) U(Gq, B) = (H;, C),
where C=A UB and

r(a) =p(a) Uq(a) Va €C
H(a) =F(a) U G(a) Va €C

F(a) ifa € A—B
And H(a) = { G(a) ife€eB—A
F(a) U G(a) ife € AUB

5. Application of vague-valued possibility neutrosophic vague soft expert in a decision making
problem

A company is looking to have a person to fill the vacancy for a position in their company. Out
of all the candidates were short listed - The three candidates form the universe of the element U = {
u, uz, us} were short listed out of all candidates. The hiring committee consists of hiring manager,
head of the department and HR director of the firm . The committee is represented by the set X = { x,
y, z} (a set of experts), while the set Q = { 1 = agree, 0 = disagree} represents the set of opinions of the
hiring committee members. The hiring committee consider a set of parameters E = {e1, ez, e3, es}. The
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parameters ei (i =1, 2, 3, 4) represents the characteristic or qualities that the candidates are assessed
on namely “experience”, “academic qualifications”, “attitude towards the professionalism “and
“technical knowledge” respectively. After finishing the interview of all the candidates and going
through their certificates and other supporting papers. The hire committee constitutes the VPNVSE
set (Fp, z) as follows:

— _ uq Uy
(Fr, 2) = [l x 1) = {([0.2,0.8];[0.1,0.3];[0.2,0.8] » 103, 03]), ([0.1,0.7];[0.2,0.5];[0.3,0.9] , 105,07,

Uz
[0.2,0.5]; [0.2,0.5]; [0.5,0.8] ~

( s , 0.7, 0.9])}, (e2, x, 1) = {(

[0.5,0.6]; [0.3,0.7]; [0.4,0.5] ~

, [0.5, 0.7]), (

[0.3,0.9]; [0.1,0. 3] [0.1,0.7]

Uy
[0.2,0.7]; [0.5,0.7]; [0.3,0.8]

[0.6, 0.8]), ( L , 103, 05DL(es, x, 1) = {(

[0.6,0.9]; [0.1,0.7]; [0.1,0.4]

, 103, 0.5]),

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

( Yz , 0.2, 0.5]), (

[0.1,0.7]; [0.4,0.5]; [0.3,0.9]

[0.4, 0.6])}, (es, x, 1) = {( - ,

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

[0.5 0.7]), ( o , [03, 0.6]), ( k) , [06, 08])}(e,, y, 1) =

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

{( e , [04, 0.6]), ( e’ , 0.6, 0.8]), ( 3 ,[0.8, 1)}, (e2,

[0.8,0.9]; [0.3,0.4]; [0.1,0.2] [0.2,0.4]; [0.2,0.4]; [0.6,0.8] [0.0,0.5]; [0.5,0.7]; [0.5,1]

y, 1) = {( e ,[0.2,04]), ( e’ ,[0.4, 0.6]), ( U3 ,[0.7,

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

Uy
[0.2,0.5]; [0.4,0.6]; [0.5,0.8]

, [03, 05]), ¢ ~2 , [0.6, 08]),

0.9} (ex v o= [0.1,0.3]; [0.2,0.4]; [0.7,0.9]
Uy

Uz
{([0.3,0.5]; [0.5,0.7]; [0.5,0.7]

[0.5,0.7]; [0.9,1]; [0.3,0.5]

( ac , [05, 0.7])}, (es, v, 1) =

[0.4,0.5]; [0.8,0.9]; [0.5,0.6] , [0.5,0.7]), (

7

Uy
[0.1,0.4]; [0.3,0.6]; [0.6,0.9]

[0.2, 0.5]), ( Us , [03, 0.6DL(e, z 1) = {(

[0.6,0.9]; [0.2,0.3]; [0.1,0.4]

, [04, 0.7]),

us
[0.2,0.5]; [0.4,0.7]; [0.5,0.8]

, 0.7, 09D}, (e2, 2, 1) = {( A

[0.1,0.5]; [0.4,0.6]; [0.5,0.9] ~

( 2 , [0.3, 0.5]), (

[0.5,0.7]; [0.2,0.5]; [0.3,0.5]

us
[0.0,0.1]; [0.2,0.4]; [0.9,1]

[0.4, 05]), ( 2 , [03, 05]), (

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

[0.7, 09D} (es, z 1) =

{( e , [0.1, 0.3]), ( e’ , 0.3, 0.7]), ( U3 , [0.7, 0.9])},

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

Uy

Uz
{([o 1,0.5]; [0.3,0.7]; [0.5,0.9]

[0.5,0.7]; [0.1,0.2]; [0.3,0.5]

us
[0.4,0.5]; [0.7,0.8]; [0.5,0.6] ~

(es, 2, 1) = , 104, 0.7]), ( , 103, 0.7]), (

Uz
[0.3,0.9]; [0.5,0.8]; [0.1,0.7]

(07, 1D} (e, x 0) = {([0.2,0.8];[0.7,0.9];[0.2,0.8] » [0.1,03]), (

, [0.3, 0.5]),
Uy

Uz
{([0 1,0.7]; [0.7,0.9]; [0.3,0.9]

[0.5,0.8]; [0.5,0.8]; [0.2,0.5] ~

( U3 , [0.5, 0.7])}, (e x, 0) =

[0.4,0.5]; [0.3,0.7]; [0.5,0.6] ,[0.2,0.5]), (

uq
[0.2,0.4]; [0.3,0.6]; [0.6,0.8]

[0.3, 0.6]), ( - , [03, 07Dh(es, x, 0) = {(

[0.1,0.4]; [0.3,0.9]; [0.6,0.9]

, 103, 0.5]),

us
[0.4,0.7]; [0.7,0.8]; [0.3,0.6]

, [0.6, 0.9])}, (es, x, 0) = {( e

[0.3,0.5]; [0.7,0.9]; [0.5,0.7] ~

( 2 , 0.2, 0.5]), (

[0.5,0.8]; [0.3,0.6]; [0.2,0.5] ’

us
[0.5,1]; [0.3,0.5]; [0,0.5]

[0.3, 05]), ( “e , [04, 07]), (

[0.5,0.7]; [0.8,0.9]; [0.3,0.5]

, [03, 0.6D}(e, y, 0) =
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Uy Uz us
{([0.3,0.5]; [0.5,0.8];[0.5,0.7] ~ 0.1, 0.3]), ([0.1,0.3]; [0.4,0.6]; [0.7,0.9] ~ 0.3, 0.5]), ([0.4,0.6]; [0.7,0.9]; [0.4,0.6] ~ [0.4, 0.7])},
_ U U us
(e2,y,0)= {([0.1,0.2]; [0.6,0.7]; [0.8,0.9] ~ ,10.8,0.9]), ( [0.6,0.8]; [0.6,0.8]; [0.2,0.4] ,[0.6,0.8]), ([0 5,1]; [0.3,0.5]; [0,0.5] ~ 0.3,
Uy Uz

0.6DL(es, y, 0) = {( , [0.2, 0.5]), ( , [04, 0.6]),

[0.4,0.6]; [0.8,0.9]; [0.4,0.6] [0.7,0.9]; [0.6,0.8]; [0.1,0.3]

us _ Uq Uz

([0.5,0.9]; [0.3,0.5]; [0.1,0.5] ~ [0.5, 0.7D)}, (es, v, 0)= {( [0.3,0.5]; [0.6,0.8]; [0.5,0.7] , [0-4, 0.6]), ([0103 ]; [0.4,0.6]; [0.7,0.9] ~
Uz _ Uy

(04, 0.71), ([0.2,0.6]; [0.5,0.7]; [0.4,0.8] (0.1, 04Dk(er, 2 0) = {([0.2,0.5]; [0.4,0.7]; [0.5,0.8] (04, 0.8]),

( c: , [0.4, 0.7]), ( ac , [0.1, 0.5])), (e2, 2, 0) = {( e

[0.2,0.4]; [0.3,0.5]; [0.6,0.8] [0.2,0.7]; [0.5,0.7]; [0.3,0.8] [0.4,0.5]; [0.5,1]; [0.5,0.6] ~
us

[0.3,0.5]; [0.7,0.9]; [0.5,0.7]

[0.5, 08]), ( 2 , [05, 0.8]), (

[0.1,0.4]; [0.3,0.5]; [0.6,0.9] , 102, 05Dk(es 2 0) =

uz
[0.4,0.7]; [0.6,0.8]; [0.3,0.6]

Uy Uz
{([0.5,0.9] [0.6,0.8]; [0.1,0.5] +[0.4,0.7]), ([0.2,0.5]; [0.5,1]; [0.5,0.8] ~ [02,04]), (

,[0.6,0.8])}, (e4,

us
{([0305] [0.6,0.8]; [0.5,0.7]

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

,[0.4, 0.6]), ( 2 , 0.6, 0.8]), (

z,0) = [0.1,0.4]; [0.3,0.5]; [0.6,0.9] ~

[0.5,
0.7])}.

The collection (Fp, z) is a VPNVSE set over the soft universe (U, Z). The VPNVSE set (Fp, Z)
is used together with an algorithm to solve the decision making problem. The algorithm given below
is taken by the committee to determine the most suitable candidate to be hired for the position. The

sets of algorithm are as follows:
Step 1: Input the VPNVSE set (Fp, Z).

Step 2: Calculate the value of ap(a)(U;) = Tr(ay(Wi) - Fppy(u;) for interval truth-membership

part [Tr(q,) (W), TF(ai)(ui)] , Where TF(ai)(ui) =1- Fpq)(u;) , for each element ui€l.

Step 3: Calculate the arithmetic overage fr(q,)(w;) of the end points of the interval indeterminacy

membership part [Ip,(w), 1 ;f(ai) (u;)] , for each element uiell.

Step 4: Find the value of yp(q,)(Wi) = Fpa)(Wi) - Tr(ey(w;) for interval falsity-membership part
[Fr(ap i), FF(al)(ul-)] , where F(ai)(ui) =1- Tr(qy(w;) , for each element ui€ll.

Step 5: Find  ar@) (wi)- Pra) (W) -Yp(q; (w)for each element ui€U.
Step 6: Find the higher numerical grade from the agree-PNVSE set & disagree-PNVSE set.

Step 7: Take the arithmetic average of [t4, 1-f4] of the set corresponding vague set associated with the

Neutrosophic vague soft set.
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Step 8: Find the higher numerical grade for the average vague set value for the highest agree-
VPNVSE set & disagree-VPNVSE set

Step 9: Compute the score of each element ui€lU by taking the sum of the product of the maximum

numerical grade (A;) with the corresponding average numerical value of vague set u; for the agree

VPNVSE set and disagree-VPNVSE set by Ai& Di respectively.

Step 10: Find the value 1; = Ai- D;, for each element ui € U.

Step 11: Determine the values of highest scores = max ui € U {r;}. Then the decision is to choose

element ui as optimal or best solution if there are more than one element.

Table-1 Value of ap(a;) (i), Br(ap (W), Vr@yWi)The value of  ap(a) (i) - Briap i) - Vray W&

the average of the vague set corresponding to the highest numerical grade

u1 uz us u1 uz us
0,0.2,0
(e1, x, 1) -0.2,0.35,0.2 | 0.1,05-0.1 | (e, x,0) | 0,080 0.2,0.65,-0.2 | -0.1,0.5,0.1
-0.2,(0.4)
0.75,(0.6) | -0.3,(0.8) -0.8,(0.2) 0.25(04) | -0.7,(0.6)
(ez,x,1) |0202-02 |-0.3,03503 | 050405 | (ezx0) |-020802 |0.3,0.65-03 |-0.50.60.5
0.2, (0.6) -0.85,(0.35) | 0.6,(0.4) -12,00.35) | -0.05,(0.45) | -1.6,(0.5)
(es, x,1) | -050.505 |-0.6,0.350.6 |-0.3,0503 | (esx,0) |-04,04504 |0.3,045-03 | 0.1,0.75-0.1
-1.5,(0.6) -1.55,(0.45) | -0.8, (0.5) -1.25,004) | 0.15,0.35) | 0.55,(0.75)
(es, x,1) | -050.5,05 |-0.60.350.6 |-0.3,0503 | (esx0) |-020802 |0.2,085-02 |0.50.4,-0.5
-1.5,(0.6) -1.55,(0.45) | -1.1, (0.7) -1.20,(04) | -0.45,(0.55) | 0.6,(.45)
0.7,0.35,-0.7
(e1,y, 1) -0.4,03,04 |-050605 |(e,y,0) |-0.20802 |-0.60506 |0,080
1.05,(0.5)
1.1,(0.7) -0.6,(0.9) -1.05,0.2) | -1.7,(0.4) -0.8,(0.55)
(e2y,1) | 0,0.25,0 -0.603,0.6 |-0.60606 |(ey0) |-0706507 |04,07-04 |0504-05
-0.25,0.3) | -1.5,(0.5) -1.8,(0.8) -2.05,(0.85) | 0.1, (0.7) 0.6, (0.45)
(esy,1) | 030503 |-0.60306 |-0.1,08501 |(esy,0 |0,0.850 0.6,0.7,-0.6 | 0.5,04,-0.5
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-1.1, (0.4) -1.5,(0.7) -1.05, (0.6) -0.85,(0.35) | 0.5,(0.5) 0.6,(0.45)
(es,y,1) |-0.2,06,02 |0.2095-02 |0.50.25-0.5 | (esy,0) -0.2,07,02 |-0.6,0506 |-0.2,0.6,02
-1.0,(0.6) -0.55,(0.35) | 0.75,(0.45) -1.1,(0.5) -1.7,(0.55) -1.0,(0.25)
-0.5,0.45,0.5
(e, z, 1) 0.2,0.35,-0.2 | -0.3,0.55,0.3 | (e, z, 0) -0.3,0.55,0.3 | -0.4,0.35,0.4 | -0.1,0.6,0.1
-1.45,(0.55)
0.5,(0.4) -1.1,(0.8) -1.15,(0.6) -1.15,(0.55) | -0.8,(0.3)
(e2,z,1) |-04,0504 |0.304,-03 |-090309 | (e z0) -0.1,0.75,0.1 | -0.5,0.4,05 | -0.2,0.8,0.2
-1.3,(0.45) 0.2,(04) -2.1,(0.8) -0.95,(0.65) | -1.4,(0.65) -1.2,(0.35)
(es, z,1) |-0.2,0.6,02 |-0.3,05503 |0,04,0 (e3, 2, 0) 04,0704 |-03,0.7503 | 0.1,0.7,-0.1
-1.0,(0.2) -1.15,(0.5) -0.4,(0.8) 0.1,(0.55) -1.65,(0.3) -0.5,(0.7)
(es,z,1) |-040504 |0.2,015,-0.2 |-0.1,0.750.1 | (es, z, 0) -0.2,0.702 |-0504,05 | 0.4,0.6,-04
-1.3,(0.55) 0.25,(0.5) -0.95,(0.85) -1.1,(0.5) -1.4,(0.7) 0.2,(0.6)
Table-2
High High A Xy High High A X
numerical | numerical numerical | numerical
grad for average grad for average
agree value of the disagree | value of
PNVSE vague set PNVSE the vague
set (4;) (ui) set (4;) set (4;)
correspond correspon
ing to ding to
highest highest
numerical numerical
grad grad
(e, x, 1) u1(-0.2) 0.4 -0.08 (e1, x,0) u2(-0.25) 0.4 -0.1
(e2,x,1) u3(0.6) 0.4 0.24 (e2,x,0) u2(-0.05) 0.45 -0.0225
(e3, x, 1) u3(0.8) 0.5 -0.40 (e3, x,0) u3(0.55) 0.75 0.4125
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(e4, x, 1) us(-1.1) 0.7 -0.77 (e4, x, 0) u3(0.6) 0.45 0.27
(e, y, 1) u1(1.05) 0.5 0.525 (e y,0) us(-0.8) 0.55 -0.44
(e2,y,1) u1(-0.25) 0.3 -0.075 (e2,y,0) u3(0.6) 0.45 0.27
(e y, 1) us(-1.05) 0.6 -0.63 (e3, y,0) us(0.6) 0.6 0.36
(es, 1, 1) u3(0.75) 0.45 0.3375 (es,y,0) us(-1.0) 0.25 -0.25
(e1,z, 1) u2(0.05) 0.4 0.02 (e1, z,0) us(-0.8) 0.3 -0.24
(e2,z, 1) u2(0.2) 0.4 0.08 (e2, z,0) u1(-0.95) 0.65 -0.6175
(e3 z, 1) us(-0.4) 0.8 -0.32 (e3, z,0) u1(0.1) 0.55 0.055
(e4, 2, 1) u2(0.25) 0.5 0.125 (e4, z,0) us(0.2) 0.6 0.12

For agree

Score u1 =-0.08+0.525+(-0.075) = 0.370

Score uz = 0.02+0.08+0.125 = 0.225

Score us = 0.24+(-0.40)+(-0.75)+(-0.63) +0.3375+(-0.32) = -1.5225

For disagree

Score w1 =-0.6175+0.055 = -0.5625

Score uz2 =-0.1+(-0.0225) = -0.1225,

Score us = 0.4125+0.27+0.27+0.36 +(-0.25)+(-0.24)+0.12 = 0.9425

Table 3. The score ri = Ai-Di
Ai Di Ii
Score u1=0.37 Score w1 =-0.5625 0.9325
Score uz =0.225 Score uz =-0.1225 0.3475
Score us =-1.5225 Score us = 0.9425 -2.465

Thus S =max ui€U {r;} =r1.50, the committee is advised to hire candidate w1 to fill the vacant position.

6. Conclusions

We give the advances of our proposal method using VPNVSE set as compared to that PVSE set
as proposed by [19]. The VPNVSE set is a generalization of PVSE set. The VPNVSE set each examine
the universal U in never detail with three membership functions, especially when there are many
parameters involved, where PVSE set can tell us limited information about the universal U. It can

Anjan Mukherjee, Vague —Valued Possibility Neutrosophic Vague Soft Expert Set Theory And Its Applications




Neutrosophic Sets and Systems, Vol. 29, 2019 156

only handle the incomplete information comparing both the truth-membership value and falsity-
membership values with corresponding vague set. But VPNVSE set can handle problems involving

imprecise, indeterminacy and incomplete data with corresponding vague set. Thus it makes more
accurate and realistic than PVSE set (PNVSE set [13]). In future many applications in decision making
problems can be solved with VPNSE sets- especially in medical sciences.
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