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Abstract

Soft set(SS) is one of the soft computing techniques that plays an important role in addressing the hiddenness
and uncertainty associated with uncertain data. In other hand the idea of interval-valued neutrosophic soft
sets (IVNSSs) is a new generalization of the neutrosophic soft sets to the neutrosophic sets when the authors
combine the critical features of IVNS and soft sets (SSs) in one model. Accordingly, this model worked to
provide decision-makers with more flexibility in the process of interpreting uncertain information. From a
scientific point of view, the process of evaluating this high-performance IVNSS disappears. Therefore, in
this paper, we initiated a new approach known as possibility interval-valued neutrosophic soft sets (PIVNSSs)
as a new development in a fuzzy soft computing environment. We investigate some fundamental operations
on PIVNSSs along with their basic properties. Also, we investigate AND and OR operations between two
PIVNSSs as well as several numerical examples to clarify the above fundamental operations. Finally, we have
given distance measures (DM) between two PIVNSSs to construct a new algorithm that is used to demonstrate
the effectiveness of the method in handling some real-life applications.

Kewords: Neutrosophic sets; neutrosophic soft sets; interval-valued neutrosophic soft sets; possibility interval-
valued neutrosophic soft sets.

1 introduction

Some topics in fields of science and social science like engineering, environmental, economics, and manage-
ment include data that have data with fuzzy, imprecise, and uncertain properties. Classical approaches do not
always solve these problems as the features can be quite complex. Recently, several theories were put forward
to deal effectively with uncertainty and vagueness. One of these theories is the fuzzy set(FS) that Zadeh! in
1965 developed as a mathematical way of describing and dealing with vagueness in daily life. Fuzzy set theory
extended the classical set theory’s range values from integer O and 1 to interval [0,1] for object membership.
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As the years progressed and the nature of life and the nature of thinking in the human mind became more
complex, it can be said that the FS structure is insufficient to deal with this tremendous development involving
uncertainty. To cover this weakness, Smarandache? introduced the concept of the neutrosophic set (NS) when
he extended both notions of FS and intuitionistic FS (IFS).? Later, for the purpose of increasing flexibility and
applicability to NSs, Wang et al * reformed the NSs structures into interval forms when they proposed the no-
tion of interval-valued NSs (IVNSs). These models have been widely applied to deal with various difficulties
in daily life see>¥ In 1999, the Russian researcher Molodtsov'! expressed an important opinion, which is
that these concepts lack mathematical tools that give a more comprehensive description of the set of an object,
and therefore he based it on a new mathematical tool called the soft set (SS). Relying on NS, INS, and SS,
researchers around the world present many important works dealing with various fields such as engineering,
medicine, administration, etc see 1>1® Among these researchers, we mention: Deli” developed an approach to
MCDM in IVNSSs and then he gave an example to illustrate the feasibility of this model. Sahin and Kiiciik®
proposed both similarity and entropy on NSSs, and following them, Al-Quran et al"®2% proposed these tech-
nical aspects on IVNSSs with complex numbers.Quek et al’2l' defined VIKOR and TOPSIS methods on (t,
s)-regulated IVNSSs.Broumi et al’?> worked on generalized IVNSSs and studied their operations. Al-Sharqi
et al: 2324 extend the ideas into IVNSSs environment under complex numbers and they utilize these ideas to
solve DM-problems>**** Chinnadurai and Bobin® mixed up both IFS and NSSs under interval forms and
tested them to solve DM- problems.

All of the models mentioned above lack evaluation scores for their performance. To overcome this crisis, both
Alkhazaleh and Salleh*!' resorted to presenting possibility fuzzy soft sets (PFSSs) by establishing a probability
score belonging to the interval [0, 1], and works to evaluate the performance of the previous concept (FSSs).
This idea helped to develop and increase the efficiency of the work of decision-makers when choosing the best
alternatives and the best qualities. Accordingly, many contributions were made to improve the mechanism of
operation of these concepts.Zhang and Shu*? proposed P-multi-FSSs (PMFSSs) then they applied a similarity
measure between two PMFSSs. Al-Quran and Hassan*) discussed possibility of neutrosophic vague soft sets
(PNVSSs). Al-Shargi et al** proposed PNSESs under expert systems for medical diagnosis under uncertainty
and other see**3In this work, we following this path by studied and proposed new hyper-model called pos-
sibility of interval-valued neutrosophic soft sets (PIVNSSs) such that each part of the PIVNSS is provided
with a fuzzy degree to measure the effectiveness of work performance.Based on these tools, the mechanism of
SM is presented and used in building an algorithm to solve one of the decision-making problems. Finely, this
article is divided into six parts. In the first and second parts, we provided a full explanation of the basic roots of
this concept. In the third part of this article, we presented the mathematical definition of our proposed concept
with some illustrative examples. In the fourth and fifth parts, they presented the mathematical definitions of
the basic mathematical operations of this concept with some properties supported by illustrative examples. In
the last part, we presented an algorithm based on the clustering factor of our proposed concept.

2 Preliminaries

In this section, we recapitulate some of the ideas like FS, NS, IVNS, SS, and IVNSS that are considered
beneficial in developing our new concept.

Definition 2.1. T Assume that T = {71, 72,73, ..., T} be a reference set. Then the FS formed as following
structure:

Q= {(r(gh () |reT}

where (f, (;) refer to true membership of object 7; in T and persistent as a mapping: {3y, : T — [0,1].
Definition 2.2. X' Let Q; = {(T, <p221 (1)) ‘T S T} and Q5 = {(T, <p222 (:))) ‘T c T} be two FS on
reference set T Then the fundamental operation on FSs defined as following:

1.Union Q3 = {(T, (max (¢ (1:), 66, (1)) ‘T € T}

2.Intersection Q3 = {(T, (min (¢4 (1), 65, (1)) ’T € T}
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3.Complement Q¢ = {(’T, (1=¢5, (1)) ‘T € ’]T}

4.Subset Q1 Q QQ if ngl (TZ)S pr (7'7)

Definition 2.3. 2 Assume that T = {71, 72,73, ...,Tn} be a reference set. Then the NS formed as following
structure:

Aws = {(T <pfA (11, @ii (73), @ii (n)>) ‘7’ S Tr}

where pi‘ (1:), p;l (13) pg (;) refer to true membership,indeterminacy membership and falsehood member-

ship of object 7; in T and persistent as a mapping:@ii (1), p; (1), pi (1) : T — [0,1].

Definition 2.4. % Assume that T = {11, 72,73, ..., Tn } be a reference set. Then the IVNS formed as following
structure:

Arvws = {(7 (¢, (7)., (1), 6" (7)) ) [r € T}

A A

Where the three [IVNS memberships represent as a interval real number as following:
tu

G () = |6 () 95" ()|, 9 () = [ () 6" ()] and 6 () = [6' () . 6" ()] andLits
refer to true interval membership,indeterminacy interval membership and falsehood interval membership of
object 7; in T and persistent as a mapping:g}i:‘ (1), p; (1), pi (r;): T—[0,1].
Inﬁnnmnzs.41ﬁtAJVNS::{(n<¢2(n),@3(n),@g(n)>)Wre'r}and
Brvns = { (7’, <ptB (1) p; (1), pg (’Tl)>) ‘T € ']T} be two IVNS on reference set T Then the fundamental

operation on FSs defined as following:

1.Union _ _ '
Crvns = {(T, <max [pi\l (13), pi{‘ (7'7)} ,min [p;l (1:), p;u (7'1)} , min [pil (15), p;u (Tl)} >) |7 e T} )
2.Intersection

Crvns = {(T, <min [pi‘l (73), pi‘u (Ti)} , max {p;l (11), p;“ (Ti)} ,max [pil (13), pi“ (Ti)} >) [T € T} )

3.Complement

Ao = {(m ([ 0 P )] 1= 6 ) 1 = 8 ()] [ () 65 ()]) ) Ir e T

4.Subset

Arvns € Brvns if@ii (1)< @; (Ti)’@ii (1:)> p; (Ti)’@g (1:)> @2 (i)

Definition 2.6. I Let T = {m1,72,73,..., T} and k= {21, 22, 23, ..., zmm } be a reference set and attribute set,
respectively. Then a SS over T given as structures as follows:

5= {(- (5t} e <5}

where the function § given by following mapping:
S=E— pT

Here P(T) refer to collection of subsets of reference set T.
Definition 2.7. A term P is said to be IVNSS on soft reference set (TT,IE), where Pivnss . | —
IVN(P)(T), such that IVN(P)(T) is a collection of all IVNS-subsets over T.
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3 Possibility Interval-Valued Neutrosophic Soft Sets (PIVNSSs)

In this section, we introduce the concept of a PIVNSS and define some properties of this model, namely, the
null of the PIVNSS, the absolute of the PIVNSS, a subset of the PIVNSS, and the equality of the PIVNSS.
[lustrated examples are also given.

Definition 3.1. Let T = {1, 72,73, ..., 7o } and k= {z1, 22, 23, ..., 2m } be a reference set and attribute set,
respectively. Then a possibility interval valued neutrosophic soft set (PIVNSS) Pg on T has the structures as
follows:

Pyt = { (r (8 (1) (), 8 () (), b (1) (20) ) O () () [r € T, 2 € B}

Where the three [IVNS memberships represent as a interval real number as following:

B () (29) = |65 (72) (), 6" (1) ()]s 6 (1) (2) = [ (70) (), 6" () (25)] and

p{; (1:) (25) = {p{;l (13) (%), p{;“ (73) (z])} ,and © (7;) (z;) refer to possibility degree of element 7; € T to
P&mss who can denoted by Pg = (Ag, ©)

Example 3.2. Assume that the married couple, Mr. Xu and Mrs. Xu wants to purchase a house in one of the
low-cost residential complexes. In the low-cost residential complexes, there are three houses that represent by
reference set T = {71, 72, 73}.The two couples in their selection focus on observing the attributes that can be
represented by the following attribute set E = {z1, 22, 23} such that z; =House area,zo =House price, and
z3 =The distance of the home from neighboring homes.Now, we use our proposed concept to analyze the mar-
ried couple’s opinions (IV NS — memberships) and the expert’s degree(possibility degree) of evaluation
of this evaluation as a follows:

(( 0.2,0.7],[0- 3 0 5],[0.1,0.3]) ? 0. 3) ) (([0.3,043],[0.27,20.6],[047,0.8]) J 0'6) J (([0.5,0.8],[0.17-,%41},[0.4,0.6]> ) 0'7>} :

{( 0.6,0.8],[0. T 0. 31,00.4,0.7]) * 5) ) (([0.570.8]7[0.67—,20.8],[0.9,0.9]) J 0'7) J (([0.7,0.9],[0.?:30‘9}7[0.2,0.5” ) 04)} :

( 0.5,0.5],[0. 5. T8 2) ’ (([0»4,07]»[0‘;’%‘2]7[02,07]) ) 0‘5) ’ (([0.3,0‘8],[O.L%.?],[OJ,OA]) J 0-6)} :
Also Pg (z;) can represent as a matrix as a following form:
Pe =

(([0.2,0.7],[0.3,0.5] ,[0.1,0.3]) 0.3)  (([0.3,0.3],[0.2,0.6],[0.7,0.8])0.6) (([0.5,0.8],[0.1,0.1],[0.4,0.6]) 0.7)
(([0.6,0.8] ,[0.1,0.3] , [0.4,0.7]) 0.5 5,0. 8],10.9,0.9])0.7)  (([0.7,0.9],[0.3,0.9], [0.2,0.5]) 0.4)
(([0.5,0.5],[0.8,1],[0.3,0.8]) 0.2)  (([0.4,0.7],[0.2,0.2],[0.2,0.7]) 0.5) ((]0.3,0.8],[0.4,0.7] ,[0.1,0.4]) 0.6)

Definition 3.3. (PIVNS-subset): Let Po and G= be two PIVNS-sets on reference set T. Then Peo is said
PIVNS-subset of G= and denoted by Pg C Gz if:

1. P (z;) is IVNS-subset of G (z;), Vz; € T.

2. © (z) is F-subset of = (), Vz € T.

Example 3.4. Conseder Pg (z;) in Example 3.2. above and take

gz (21) = {(([0.3,0.9],[0.721,0.4},[0,0.2]>70'4) ) (([0.4,0.5],[0.17,20.4],[0.5,0.5])’0'7> J <([0.6,0.8],[(;%},[0.2,0.4]> ) 0'9)}'

gz (22) = {(([0.8,0.8],[0.17-,1046],[0.5,0.8” ) 0'6) ’ ({[0.770.7],[07-.25,0.6],[1,1]> ) 0'9> ) (([0.8,049],[0.27,%.6],[041,0.4])70'5)} :
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= (23) = {(([0.6,0.8],[03,1],[0.4,0.9]>70'5) J (([0.2,0.5],[0.17,20.2],[0.2,0.4])’0'8> J (([0.4,0.8],[O.E’;I—,?E).8],[O.2,O.7]> J 0'9> }

Now, its clear Pg C G=.

Definition 3.5. (Equality of PIVNSS): Let Pg and G= be two PIVNS-sets on reference set T. Then Peo is
called equal of G= and denoted by Pg = Gz if:

1. P (z;) is IVNS-subset of G (z;) and G (z;) is IVNS-subset of P (z;), Vz; € T.

2. O (z) is F-subset of Z (z;) and Z (z;) is F-subset of O (z;) , Vz; € T.

Example 3.6. Conseder Pg (z;) in Example 3.2. above and take Pg =

(([0.2,0.7],[0.3,0.5] ,[0.1,0.3]) 0.3)  (([0.3,0.3],[0.2,0.6],[0.7,0.8])0.6) (([0.5,0.8],[0.1,0.1],[0.4,0.6]) 0.7)
(([0.6,0.8],[0.1,0.3] ,[0.4,0.7]) 0.5)  (([0.5,0.8],[0.6,0.8],[0.9,0.9])0.7) (([0.7,0.9],[0.3,0.9],[0.2,0.5]) 0.4)
(([0.5,0.5],[0.8,1] ,[0.3,0.8))0.2)  (([0.4,0.7].[0.2,0.2] .[0.2,0.7]) 0.5) (([0.3,0.8], 0.4, 0.7] [0.1,0.4])0.6))

and

Oz =

(([0.3,0.9],[0.2,0.4] ,[0,0.2]) 0.4)  (([0.4,0.5],[0.1,0.4],[0.5,0.5])0.7)  (([0.6,0.8],[0,0],[0.2,0.4]) 0.9)
((([ 8,0.8],[0.1,0.6],[0.5,0.8]) 0.6)  (([0.7,0.7],[0.5,0.6],[1,1])0.9)  (([0.8,0.9],[0.2,0.6], [0.1,0.4})0.5))
(([0.6,0.8], (0.9, 1], [0.4,0.9)) 0.5)  (([0.2,0.5],[0.1,0.2],[0.2,0.4]) 0.8) (([0-4,0.8][0.5,0.8] . 0.2, 0.7]) 0.9)

Hy =
(([0.2,0.7],[0.3,0.5] ,[0.1,0.3]) 0.3)  (([0.3,0.3],[0.2,0.6],[0.7,0.8]) 0.6) (([0.5,0.8],[0.1,0.1],[0.4,0.6]) 0.7)
(([0.6,0.8],[0.1,0.3] ,[0.4,0.7]) 0.5)  (([0.5,0.8],[0.6,0.8],[0.9,0.9])0.7) (([0.7,0.9],[0.3,0.9],[0.2,0.5]) 0.4)
( (([0.5,0.5],[0.8,1],[0.3,0.8)) 0.2)  (([0.4,0.7],[0.2,0.2],[0.2,0.7]) 0.5) ((]0.3,0.8],[0.4,0.7],[0.1,0.4]) 0.6))

Then, its clear Pg = Hy and Po # G=.

Definition 3.7. (Possibility null IVNS-set): Let Pg be PIVNS-set on reference set T. Then we say that Pg
is ”possibility null IVNS-set” and denoted by ® oy if P (2;) = ([0,0],[1,1],[1,1]) and © (2;) = 0,Vz; € T.

Example 3.8. Taking into account the matrix notation of Pg as an Example 3.2, it can be observed that we
possess.

~ (([0, 0], [1,1], [1,1}) 0)  (([0,0], [1, 1], [1,1])0)  (([0, 0], [1,1], [1,1]) 0)
Doy = | (([0,0],[1,1],[1,1])0)  (([0,0], [1,1],[1,1])0)  (([0,0], [1,1],[1,1]) 0)
((10,0], [1,1], [1,1}) 0)  (([0,0], [1,1],[1,1])0)  (([0,0],[1,1],[1,1])0)

Definition 3.9. (Possibility absolute IVNS-set): Let Pg be PIVNS-set on reference set T. Then we say that
Peo is “possibility absolute IVNS-set” and denoted by € 1) if P (z;) = ([1,1],[0,0],[0,0]) and © (z;) =
1.Vz; € ’]T

Example 3.10. Taking into account the matrix notation of Pg as an Example 3.2, it can be observed that we
possess.

~ (([1,1], 10,01, {0,00) 1) (([1,1],[0,0},[0,0) 1) (([L, 1], [0,0], [0, 0]) 1)
Q@ = ( (([1,1,10,0],[0,0[) 1) (([1,1],[0,0],[0,0]) 1) (([1,1],[0,0],[0,0]) 1)
(([t,1], 0,01, [0,0) 1) (([1,1],10,0],[0,0[) 1)  (([1,1],[0,0],[0,0]) 1)

Definition 3.11. (Complement operation of PIVNS-set): Let Pg be PIVNS-set on reference set T and de-
fied as follows

Po = {2 ([6 (7) (), 65 () ()] L [8F (7) (29) . 98" () (29)] L [0 () (29) . 65" (7) (29)] © () (29))

Then,complement operation of PIVNS-set defined as follows

T/L‘EITT}
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P = {z ([65' ) () 65" (7) ()] 1= 6" (7) () 1= 65 (7) (=)
(65 (7) (). 65" (72) (20)] (1 = © (7) (27))) [ € T2, € B}

Here: we follow the complement role of both IVNS and FS complement.

Example 3.12. Taking into account the matrix notation of Pg as an Example 3.2, it can be observed that we
possess.

Pg =

(([0.1,0.3],[0.5,0.7],[0.2,0.7]) 0.
(([0.4,0.7],[0.7,0.9] , [0.6,0.8]) 0.
((0.3,0.8],[0,0.2], [0.5,0.5]) 0.8)

4 The set-theoretic operations pertaining to PIVNS-sets.

Now, in this section, we introduce the set-theoretic operations pertaining to PIVNS-sets as well as some prop-
erties and numerical examples that illustrate how these tools work in algebraic environments.

Definition 4.1. (Union of PIVNS-sets) Let

P = { (1, (& (1) () 8 (1) () 5 (7) (20) ) © () (2) ) |r € T,z € B } and

gwmsz{( <@g@n(-)@@@ﬂ(-)@é@ﬂ@ﬂ>?()(q» Teﬁyzeﬁ}mnwomVNsmmon
reference set T. Then,the union of PIVNS-sets denoted by P&mssUGL™s* and defiend as following:

1. D(z;) = P(2:)UG(z;), where U denotes IVNS-union.

2. U(z;) = max (O(z;)UZ(z;)) following FS-union.

Example 4.2. Taking into account the PIVNSS Pg as an Example 3.2, and G= given in an Example 3.4,
then,the union of PIVNS-sets can be possess as following :

Dy (1) = {(([0.3,0.9],[0.721,0.4],[0,0.2]>70'4> J (([044,0.5],[0.1%.4],[0.5,0.5]) ’ 0'7) J (([0.6,0.8],[07-,30],[0.2,0.4]> ) 0'9)} :

Dy (22) = {(([0.8,0.8],[0.17—,10.3]7[0.4,0.7” J 0'6) d ({[0.770.7],[0.5::20.6]7[0.970‘9})’O'9> ) (([0.8,0.9],[0.27—730.6],[0.1,0.4]) d 0'5)}'

Dy (z3) = {(([0.6,0.81,[02,1],[03,0.8])70'5) J (<[o.470.7],[0.1T,20‘2],[o.2,0.4]> ’ 0'8) J (([0.4,0‘8],[0;%.7],[0.1,0‘4]) J 0'9)} :

Also Dy (z;) can represent as a matrix as a following form:
Dy =

(([0.3,0.9],[0.2,0.4] ,0,0.2]) 0.4)  (([0.4,0.5],[0.1,0.4],[0.5,0.5]) 0.7)  (([0.5,0.8],[0.1,0.1], 0.4, 0.6]) 0.7)
(([0.6,0.8],]0.1,0.3],[0.4,0.7]) 0.5)  (([0.5,0.8],[0.6,0.8] ,[0.9,0.9])0.7) (([0.7,0.9],[0.3,0.9], [0.2,0.5]) 0.4)
(([0.5,0.5], [0.8,1],[0.3,0.8))0.2)  (([0.4,0.7],[0.2,0.2] ,[0.2,0.7)) 0.5) (([0.3,0.8],[0.4,0.7]., [0.1,0.4]) 0.6)

Definition 4.3. (Intersection of PIVNS-sets) Let

Py = {(1. (8 (1) () 5 (1) () 5 (7) (20) ) © () (3) ) |[r € T,z € B } and

Givnss — {(n<@g(n)(@),@é(n)(@),@é(n)(4)>5(n)(%))7-eﬁ)ze]@}lmtonHVNSsmson
reference set T. Then,the intersection of PIVNS-sets denoted by P&™**\G"5% and defiend as following:

1. C(2;) = P(2:)NG(z;), where (" denotes [IVNS-intersection.
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2. Y(z;) = max (O(z;)N=(2;)) following FS-intersection.

Example 4.4. Taking into account the PIVNSS Pg as an Example 3.2, and G= given in an Example 3.4,
then,the intersection of PIVNS-sets can be possess as following :

Cr(z1) = {(<[0.2,0.7],[043:10.5],[0.1,0.3]) J 0'3) ) (([0.3,043},[0.27,20.6],[047,0.8])70'6) J (([0.5,0.8],[0.17-,3&)41],[O.4,O.6]> ) 0'7)}'

Cr(22) = {(([0.6,0.8],[0‘11().3],[0.4,0‘7]) J 0'5) ) (([0‘5,0‘8},[0.(;—,20.8],[09,0.9])’0‘7) J (([0.7,0.9],[0&39},[0.2,0.5}) ) 0'4)}'

Cr () = {(<[0.5,0.5],[0.:31,1],[0.3,0.8])’O'2> J (([0.4,0.7],[0.2T,2042],[o.2,0.7]> ) 0'5) ’ (([0.3,0.8],[0.41,3().7],[0.1,0.4])70'6)} :

Also Cy (z;) can represent as a matrix as a following form:

Cr =
(([0.2,0.7],[0.3,0.5] ,[0.1,0.3]) 0.3)  (([0.3,0.3],[0.2,0.6],[0.7,0.8])0.6) (([0.5,0.8],[0.1,0.1],[0.4,0.6]) 0.7)
(([0.6,0.8],[0.1,0.3] ,[0.4,0.7]) 0.5)  (([0.5,0.8],[0.6,0.8],[0.9,0.9])0.7) (([0.7,0.9],[0.3,0.9],[0.2,0.5]) 0.4)
(([0.5,0.5], [0.8,1],[0.3,0.8))0.2)  (([0.4,0.7],[0.2,0.2] ,[0.2,0.7)) 0.5) (([0.3,0.8],[0.4,0.7] , 0.1, 0.4]) 0.6)

Proposition 4.5. Let
Pamss = {(T, <p§, (1) (%), p%;. (i) (%), p{; (1) (z])> O (r) (zj)) ’7‘ eT,z¢e ]E} be a PIVNS-set on

reference set T. Then,the following statements hold:
1. PoUPe = Pe.
2. PeMPe = Pe.
3. PoUd ) = Po.
4. Poid() = ®(p).
5. PoUQ (1) = Q (1)-

6. PoQ1) = Po.
Proposition 4.6. Ler
Py = {(r, (6 (1) (), § (1) () 5 (7) (23)) © (1) ()
givnss = {(r, (% () (23) . 6 () (), 9 (7) (20) ) 2 () (29)) |
cirnes = {7, (% (7) () 9 (1) (20) 6L (1) (20)) T () (=) |7

reference set T. Then,the following statements hold:

be three PIVNS-sets on

W
Y
@ @
o >
Q
0]
|
]
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Proof. 1. We take the left side PoUGs =
{(7 {85 () (23), 85 () (29), 5 (7) (29)) © (1) (29)) |r € T2 € B Ju
{(7 {65 () ()6 i ><zg>,@é<n><zj>>a<n><zj>)\Tefr,zeﬂiz}
= ([88 () ) 6 () ()] U [ () () 66" () (29)]
(65 () (20) 63 (1) (2 )}u[m ) (), 96" (1) ()]
(6 (7) (29), 65" () (z0)| U [6 (7) (23), 65" (7) (29)] ) I € T, 25 € B}
= {2 (max [§ (7) (), 68 (72) ()| max [G2" () (23) , 66" () (25)]
min [ (73) (23), 56 (1) (23)] ,min [ () (25) , 6" (7 ><z]>},
min [ () () 68 (7) (25)] o min [ (7) (=) 65" (73) ()] ) I € T, 25 € B}
= {2 (max [m( ) @), G (1) ()]  max [p’f (7) (23) 65" (73) (23)]
min (G5 (73) (), 6 (7) (23)] s min [ (73) (29) @P () (z3)]
min [@G% ) (), 95 (7) (25)]  min [pg ) 2,8 5 (1) ()] ) Ins € T, € B}
= {2 ([66 () ) s () ()] U [ () () 6" () (29)]
(66 (70) (z3) 6 () (29)| U |6 (72) (29) 6" () (= >]
(65 (7) (23) 95" () (29)| U [“( ) (), 65 (1) ()] ) I € T2 € B}
= guP
and for fuzzy possibility degree it essay to show © UZ = Z U ©,then we get = G=UPg O
Note: The rest of the proof is similar to proof method 1

Proposmon 4.7. Let

Givnss — {( <pg( ) (2 -) 65 (1) (25), 65 () (zj)> = (1) (zj)) \T eT,ze 113:} be two PIVNS-sets on

reference set T. Then,the following statements hold:
1. (P@C)c = Peo.
2. (PeUGz)" = P NG=".
3. (PeNGz)" = P UG=".

Here, paragraphs 2 and 3 refer to De Morgan’s law.

) () e T,z B}
D)) 1= (-8 ) ) = (165 (1) )]
) a-(-0@m) E))|netzck}

65" () (25) . 65 (72) (Zj)} ;
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Note: The rest of proof is similar to proof method 1 O

Definition 4.8. (AND of PIVNS-sets): Let PgandG= be two PIVNS-sets on reference set T. Then the "AND”
operation of both Pg and G= defined as Po AG= = R such that R (7, 7;) (2:) = Pe (75) (z:)NG= (15) (2i)
and for fuzzy possibility degree Y (7i,7;) (2:) = min (© (15) (2:),Z (75) (2:)),where ¥ (2, z;) € Ex E, 7 x
T; € T. Here N refer to the intersection of IVNS.

Example 4.9. Taking into account the PIVNSS Pg as an Example 3.2, and G= given in an Example 3.4,
then,the intersection of PIVNS-sets can be possess as following :

R (z1 X 21) = {(([0.2,0.7],[0.9:10.5],[0.1,0.3]>’0'3> y (<[0.3,0.3],[0.17,20.4],[0.5,045]>70'6) J (([0.5,0.8],[0.1T,3().1],[0.4,0.6]>’0'7)}'

RE (Zl X 22) =

([0.2,0.7],[O.i{l().S],[Oﬁ,O.S])’0'3) ) (<[0.3,0.3],[07.25,0-6],[171]>’0'6> ’ ( X

{[0-5,0.8],0-2,0.6],[0.4,0.6]) * 05) } :

Rs (21 % 23) = {(([0.2,0.7],[03,1],[0.4,0.9])70'3 J ([0.2,0.3],[0.27—,20.6],[0.7,0.8])’0'6 J {[0.4,0.8],[0.;%.8],[0.4,0.7]}70‘7
Ry (22 x 21) = {(([0.3,0.8],[0.17—,10‘3]7[0.4,0.7]>’0'4) ) (<[0.470.5],[0.(;20.8],[0.970.9])’O'7> ) (([0.6,0.8],[0.3:30.9],[0.2,0.5])’0'4 }
Ry (22 X 22) = {(([0.6,0.8],[0.17—,1046],[0.5,0.8”’0'5) ) ({[0.5,0.7],[07—.25,0.6],[1,1]>’O'9> ) (<[o.7,049],[0.3T,30.9],[042,0.5])70'4>}
Ry (22 % 23) = {(([0.6,0.8],[0.7;)1,1],[0.4,049])70'5) ) (([042,0.5],[o.&%.s],[o.g,o.g]) ) 0'7) J <[0.4,0.8],[0.5:%.9],[0.2,0.7]) J 04)
Rs (23 x 21) = {(([0.3,0.5].,[o.sT,lo.l],[o.:a,o.sp70'2> ) (<[0.4,0.5],[0.17,%.2],[0.2,0.5])70‘5> ) (([0.3,0.8],[0.4;%.7],{0.2,0.4])’0'6 }
Ry (22 X 22) = {(([0.5,0.5],[02,1]7[0‘3,0.8])70'2) ) (<[O‘4,O.7],[(;25,0‘6],[1,1]>’0‘5) ) (([0.3,0.8],[0‘41%.7],[0.1,0.4])70'5)}'
Ry (23 X 23) = {(([0.5,0.5],[0.74-31,1]7[0.4,0.9])70'2) ) (<[0.2,0.5],[0.2T,20.2],[0.2,0.7]>?0'5> ’ ([0.3,0.8],[O.;,%.S],[O.Q,O.?]) ) 0'6)

Also Ry (#;) can represent as a matrix as a following form:

Ry =
(([0.2,0.7],[0.3,0.5] ,[0.1,0.3]) 0.3)  (([0.3,0.3],[0.1,0.4],[0.5,0.5])0.6) (([0.5,0.8],[0.1,0.1],[0.4,0.6]) 0.7)
(([0.2,0.7],[0.3,0.5] ,[0.5,0.8]) 0.3)  (([0.3,0.3],[0.5,0.6],[1,1])0.6)  (([0.5,0.8],[0.2,0.6],[0.4,0.6]) 0.5)
(([0.2,0.7],[0.9,1],[0.4,0.9]) 0.3)  (([0.2,0.3],[0.2,0.6],[0.7,0.8]) 0.6) (([0.4,0.8],[0.5,0.8],[0.4,0.7]) 0.7)
(([0.3,0.8],[0.1,0.3] , [0.4,0.7]) 0.4)  (([0.4,0.5],[0.6,0.8],[0.9,0.9])0.7) (([0.6,0.8],[0.3,0.9],[0.2,0.5]) 0.4)
(([0.6,0.8],[0.1,0.6] , [0.5,0.8]) 0.5)  (([0.5,0.7],[0.5,0.6] , [0.9,0.9])0.7) (([0.4,0.8],[0.5,0.9],[0.2,0.7]) 0.4)
(([0.3,0.5],[0.8,1],[0.3,0.8]) 0.2)  (([0.4,0.5],[0.1,0.2],[0.2,0.5])0.5) ((]0.3,0.8],[0.4,0.7] ,[0.1,0.4]) 0.5)
(([0.5,0.5],[0.9,1],[0.4,0.9]) 0.2)  (([0.2,0.5],[0.2,0.2],[0.2,0.7]) 0.5) (([0.3,0.8],[0.5,0.8],[0.2,0.7]) 0.6)
(([0.5,0.5],[0.9,1],[0.4,0.9]) 0.2)  (([0.2,0.5],[0.2,0.2],[0.9,0.7]) 0.5) (([0.3,0.8],[0.5,0.8],[0.2,0.7]) 0.7)
(([0.5,0.5],[0.9,1],[0.4,0.9])0.2)  (([0.2,0.5],[0.2,0.2],[0.9,0.7]) 0.5) (([0.3,0.8],[0.5,0.8],[0.2,0.7]) 0.6)

Definition 4.10. (OR of PIVNS-sets): Let PoandG= be two PIVNS-sets on reference set T. Then the "OR”
operation of both Pg and Gz defined as Po V Gz = Oy such that Ry (7, 7;) (2;) = Pe (15) (z:) U
G= (1) (#;)and for fuzzy possibility degree X (7;, 7;) (2:) = max (O (75) (z:) , 2 (75) (2:)) ,where V (z;, ;) €
E x E Tj X Tj € T. Here U refer to the union of IVNS.

Example 4.11. Taking into account the PIVNSS Pg as an Example 3.2, and G= given in an Example 3.4,
then,the union of PIVNS-sets can be possess as following :

Rs (21 % 21) = {(([0.3,0.9],[0‘721,0.4],[0,0‘2])70'4) ) (<[0‘4,0A5],[0.1T,20‘4],[0.5,0.5]>70'7) ) (<[0.6,0.8],[(;—,30],[0.2,0.4]> ) 0'9)}'

Ry (21 X 22) = ([0.8,0.8],[0.17—,10.5]7[0.1,0.3”’0'6) ’ (

([0.7,0.7],[0.27—,20.6],[0.7,0.8])70'9 ) <[0.s,o.9],[0.17%.1],[0.1,0.4])’0'7)}'

Ry (21 % 23) = {(([0.6,0.8],[0.3?,35],[0.1,0.4])’0'5 d (<[0.3,0.5],[0.{%.2},[0.2,0.4})70'8) J (([045,0.8],[0.17—,%).1],[0.2,0.6]>’0'9 }

Ry (22 X 21) = {(([0.6,0.9],[0.?,0.3],[0,0.2])70'5) J (([0.5,0.8],[0.17,20.4],[0.5,0.5]) ’ 0'7) J (<[0.7,0.9],[(;%],[0.2,0.4» ) 0'9)}'

Ry (22 X 22) = {(([0.8,0.8].,[0.;—,10.3],[0.4,0.7])’0'6 ; ([0.7,0.7],[0.5T,20.6],[0.9,0.9])’0'9 J ([0.8,0.9],[0.27—,%.6],[0.1,0.4])’0'5)}‘
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ZQXZQ,

ZgXZl

ZgXZQ

([0.8,0.8],[0.17-,1046],[0.370.8” J

=
={(
=4
=l

ZgXZg

<[0.7,0.7],[0.27,%.2],[0.2,047]) J

0.9) ,

Also Ry, (z;) can represent as a matrix as a following form:

Ry =
(([0.3,0.9],[0.2,0.4] , [0,0.2]) 0.4)
(([0.8,0.8],[0.1,0.5] , [0.1,0.3]) 0.6
(([0.6,0.8] ,[0.3, 05} [0.1,0.4]) 0.5
(([0.6,0.9],[0.1,0.3], [0,0.2]) 0.5)
KW>]®, 3],10.4,0.7]) 0.6
(([0.6,0.8],[0.1,0.3] ,[0.4,0.7]) 0.5
((]o. ,0.9},[0 0. 4],[0,0.2]) 0.4)
(([0.8,0.8] ,[0.1,0.6] , [0.3,0.8]) 0.6
(([0.6,0.8] ,[0.8,1] , [0.3,0.8]) 0.5)

5 Distance Measure on PIVNSS

=

S i e i i i
SN N 00, 00, O N OF

PO
NN NN S IESASCIEN BN

N NN NN NN =

SRRkl

1,0.4],
2,0.6],
1,0.2],
1,0.4]
5,0.5],
1,0.2],
1,0.2],
2,0.2],
1,0.2],

CLLLOLOO 00
SIS IR I OIS it

CLLLLLo 92
AN O, O, O W 00, O
S N S N e S S N

([0.6,0.8],[0.7;51,1],[0.3,0.8])70'5) J (([0.4,0.7],[0.17,20.2],[0.2,0.4]) ; 0'8) )

PP
0 © NN O N oo
L2222dedxed

<[0.4,0.8],[0.47,36.7],[0.1,0.4]) ;0

0.6,0.8],[0,0],[0.2,0.4])
8,0.9],[0.1,0.1],[0.1,0.4
5,0.8],[0.1,0.1],[0.2,0.6
(0.7,0.9],[0,0.], [0.2,0.4])
8,0.9],[0.2,0.6],[0.1,0.4
7,0.9],[0.3,0.8],[0.2,0.5
0.6,0.8],[0,0],[0.2,0.4])
8,0.9],[0.2,0.6],[0.1,0.4
4,0.8],[0.4,0.7],[0.1,0.4

In this part, we introduce and study the distance measure (DM) of PIVNSSs in order to calculate the ratio
of DM between two PIVNSSs. After that, we will employ these DMs in one application in DM problem by
proposing an algorithm shown in Figurel.

Definition 5.1.
’P’L@’U’I’LSS — {(T

Let

gienss = { (7, (1) () 6 (72) (24
cinss = { (7.(# (1) (2) . 6% (7) ()

reference set T. Then, a function D:PIVNSS xPIVNSS —

fulfilled the following notes:
D(Pg,G=) >0, and D(Pe, G=)

ii. D(Peo, =) =D(G=, Po)

iii. D (Po,Cy) <D (Po,Cr) + D (Gz, Cy) (triangle inequality).

@g Ti)

pc Tz

=0, iff both Pg = G=.

(2)) T (73) (25

(9 (70 (). 5 ) mp(m(z ))©() () [r e Tz e B,
>E() ))‘TET,ZGE}and
)‘TGT ZGE}bethreePIVNS—setson

— [0, 1] is called distance measure (PIVNSS(T)) if D

Now based on definition 5.1, we will define the following distance measures:

1.Hamming distance

-t
LJPP@,QE“"

A”ﬁ;’gﬁs |+

Aig @;Z),gg ‘+

A

Lfil . f,
A“p‘{’@vgzh ijp{’;=95|]

]D)gIVNSS (P@ng) = %ZZ [
ig

where

o,
Rijop.gs =
i,

Aijp;ﬁyg_
. fl _
Aijp;’,gs -
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)-A
)-A
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(..z,
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([0.5,0.9],[03,04],[0,042])70'4> ) (<[0A4,0.7],[0.£%.2],[0.2,0.5]> ) O'7> ) (<[0.6,0.8],[&%],[0.2,0.4]) ) 0'9)} :
0.6) ,

0.9)
).
))o.
0.9)
).

))o.

0.9)
])0.6
])0.9
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2.Normalized Hamming distance

Dp Pe,g=
ID)]];[]I-{/NSS (P@,QE) = M

mn

3. Euclidean distance

A A

”ﬁ{’g»ga H

Lt Lt i, L fl
Aij W;GQE |+ Aij @%g,ga |jL Aij6Bg ox ‘Jr Aij p;’evga |Jr

il
1i¥Pe .o )Jr
6

DIEDIVNSS (Peo,9=) = \/(13 ZZ [
i

where

.t ..t .1 —_ wtu .t ., —_
Aijfp g = (@%@ - p%a) X (0 = E2).84;63'. = (p%@ - @tgg> x (0 —2),

wild [ il iyl = viw i il =
D3 g = (90 — 03L) x (0 = 2).Ay6pl, = (93 — i) < (0 -2),

. fil . fil L)l = . fu o o fyl -
Aol = (9F — 0RL) x (0 ~2).Au6hl. = (95 - olL) < (0 -3)

4. Normalized Euclidean distance

_ DErvnss(Pe.g=)

DgFVNSS (P@ng) = Jmn

Theorem 5.2. The function D\, yos (Pe,Gz) . D¥A, vss (Po,Gz) . DEnss (Po,Gz) and
]D)gIEVNSS (Po, G=) :PIVNSS ('TI‘) — R that given by Definition 5.1.respectively are metrics, where R is the

set all non-negative real-numbers.
Proof. The proof is straightforward. O

Sometimes users resort to adjusting the resulting values when using the tools given above, using weight values
that are specified by the user. Now we will redefine the above tools, but combined with weight values.

Now based on definition 5.1, we will define the following distance measures:

1. Weighted Hamming distance:
D?’}'{VNSS (73@, gE) =

158l

1

%

.t ot sl wiyu . fl fou v

where

ot tl .0 |7 — tu .t wtu |V _
ANijPp co = |Pp — ptGE’ x |0 — " Audee oo = |65 — | x 10 —E|"
N |t il |7 O — = A i | i i | o_=|"
ijPPs,Gs = |PPs ~ PG=| X | _"| RijPpe.Gs = |PPs — PG| X | _“|
£l Ll LY _ . f, wfu of, -
Aygpl o = ‘pée — @éa‘ < |0 —E[VAyphY o = ‘pﬁe gLl x|@-g"
2. Weighted Normalized Hamming distance:
wH —
DiNivss (Pe,G=) = 4DPIVanSrEPe’gH)'
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6 Application of PIVNS-sets in real-life situations based on DM

In this section of the current research, we will create a new algorithm based on the tools presented in this work
to solve one of the decision-making problems (to help a couple choose a new home in one of the residential
complexes). This algorithm will present its steps in Figure 1 as following:

Step 1. Build two PIVNSS models P, and G-.

3

Step 2. Find a DM between Pg and G..

L 2

Step 3. Find the total DM (using one formalah) and find

the average of DM (Y), then we if the value of Y <
0.5,we choose the 7,and for other we choosert, .

End algorithm

Figure 1: The propose algorithm based on SM technical

6.1 Statement of the problem

Assume that the married couple, Mr. Xu and Mrs. Xu wants to purchase a house in one of the low-cost
residential complexes. In the low-cost residential complexes, there are two houses that represent by refer-
ence set T = {71, 72}.The two couples in their selection focus on observing the attributes that can be rep-
resented by the following attribute set E = {z1, 22, 23, 24, 25 } such that z; =House area,zo =House price,
and z3 =The distance of the home from neighboring homesz, = Materials used in building the house, z5 =
Number of rooms in the homes .In this scenario, each couple was given an opinion about the three houses
based on the characteristics (criteria) taken into consideration. Here we will analyze the couple’s opinions
by building two models (IV NS — memberships) from our proposed approach in this work and the expert’s
degree(possibility degree) of evaluation of this evaluation as a follows:

Step 1. Build two PIVNSS models Pg for Mr. Xu, and G= for Mrs. Xu:

Po =
{P@ (z1) = {(<[o.2,0.7],[0.37,10.5],[0.1,0.3]>’0'3) J (([0.3.,0.3],[0.27—,%.6],[0.7,0.8]) ’ 0'6)}
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Pe (22) = {({[0.6,0.8],[0.17—,10.3],[0.4,0.7]> ) 0'5> ) (([0.5,0.8],[0.(;—,20.8],[0.9,0.9]>’0'7)}
Pe (23) = {({[0.5,0.5],[0.7—81.,1],[0.3,0.8]>’0'2 ’ (<[0,4,o.7],[o.i%.2],[o.2,0.7]>ﬂ0'5 }
Pe (z1) = {(([0.6,0.8],[0.11().3],[0.4,0‘7”’0'5 ) ([0‘5,0‘8],[0.(;,20.8],[0‘9,0.9]>’0‘7)}
Pe (23) = {(<[0.2,0.4],[0.5?0.9],[0.5,0.7]) 0 5) (<[0.3,0.6},[0.7T,%.8],[0.1,0.3]> ’ 0'4)}}
gz =

{gE (21) = {(([0.4,0.5],[0.5T,10.8],[0.2,0.6]) ) 0'6) ) (([0.4,0.5],[0.27,20.7],[0.4,0.9])70'5)}
Gz (22) = {(([0.4,0.5],[0.27—,10.6],[0.4,0.7]> ) 0'3) ) (<[0.9,1],[0.4,T()2.s],[0.2,0.4]>»0'8>}
Gz (23) = {(([0.2,0.5],[0."—81,1],[0.4,0.8])70'7> ) (([0.2,0.7],[0.17,%.2],[o.2,o.7]>»0'5>}
U= (24) = {(([0.6,0.8],[0‘17—,10.3},[0.4,0.7” ) 0'5) ) (([0.5,()‘8],[().(;,2().8],[()‘9,0.9]) ) 0‘7)}
Gz (25) = {(([02,0.4],[0.97,10‘9},[0.5,0.7» ) 0'5) ) (<[0.3,O.6‘],[0.7T,20.8],[0.1,O‘3]) ) 0'4) }}

Step 2. Find the DM between Pg and G= according definition 5.1 in part 5, (the DM value presented in
Table 1.) .

Table 1: Valudes of DM Between P (7;),G (1;)

Dy (P (13),G (13)) Degree of DM

Dy’ (P (11),G (72)) 0.574

DI (P (72),G (12)) 0.731

Di' (P (13),G (73)) 0.628

Di' (P (14),G (m4)) 0.435

DI (P (15),G (15)) 0.485
Total of D (Po,G=) = 2.853

Step 3. The value of Y is 0.5706, therefor the two couple will choose house 5.

7 Conclusion

In this work, the notion of a PIVNSS as an extension to IVNSS is introduced. The basic properties on this
model namely null, absolute, subset, equality and complement are presented. Also the basic set theory like
union, intersection, OR and AND operations as well as some properties on PIVNSSs are discussed. Finely,
we presented a decision making method based on PIVNSS, and gave an application of this method to solve a
decision making problem.For future research work, users can combine these tools with other fuzzy algebraic
tools see®=>
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