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Abstract :

The purpose of this article is to extend some more topics of topology in neutrosophic topology. We
introduce the concept of neutrosophic pre-approximation space and its properties. Pre-open (pre-closed) sets
are investigated. In addition, we define pre- lower (pre- upper) approximations of neutrosophic sets ; we define
a new type of sets called neutrosophic pre- rough (pre-exact) sets and investigate some of their properties. We
will develop five well-defined new regions and study the relationship between them, which will be useful in the
study of GIS.
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1-Introduction:
The world around us is characterized by privacyhigoity and contradiction, which led to our

lack of full knowledge of its facts and eventsresearchers have turned to invent and develop deasi
to try to reach better accurate and clear restidtdeh [1] introduced the concept of fuzzy setsf(#S
short) in 1965. Where each element had a degreeofbership truth (t). Atanassov [2] introduced the
degree of nonmembership/falsehood (f) and defihedrttuitionistic fuzzy sets

One of the interesting generalizations of the@thef fuzzy sets and intuitionistic fuzzy setghe
theory of neutrosophic sets introduced by F. Sndaeame [4, 5], which deals with the degree of
indeterminacy/neutrality (i) as an independent congmt. Smarandache [6] defined the Neutrosophic set
by three functions: Truth function, indeterminaaynétion and false function that are independently
related. (T Truth, F -Falsehood, I- Indeterminaéyneutrosophic set is a powerful tool for dealimigh
unspecified and inconsistent data. The featuresctieracterized this theory have led to great sscoe
various fields such as medical diagnosis, datab@agmlogy, image processing, and decision-making
problem [7, 8, 9, 10, 11]. The fusion of neutrosoets with rough sets theory is an importantasde
direction, there exists two fundamental combinatiohrough sets and neutrosophic sets [13, 14, Ib].
other research, A. A Salama, S.A. Alblow [16] inlwoed the concept of neutrosophic topology. In [17]
A. Salama, et, al are proposed a new mathematicadel called neutrosophic crisp sets and
neutrosophic crisp topological space., R. Dhavaseebaied Jafari [18] are introduced Neutrosophic
generalized closed sets.

Pre-approximation space [3] is a very inigat generalization of rough set theory for thedgtof
intelligent systems characterized by inexact, wageror insufficient information. Moreover, it is a
mathematical tool for machine learning, informatieciences and expert systems and is successfully
applied in data analysis and data mining. This esgmased on the class of pre-open sets and dedls wit
general binary relations. It helps to get a newssifecation for the universe. The basic idea of-pre
approximation space is based upon the approximatisets by a pair of sets known as the pre-lower
approximation and the pre-upper approximation séta

The accuracy of neutrosophic sets has alted on many researchers to apply them in
geographical information systems (GIS) [19], In Gl&re is a need to model spatial regions with
indeterminate boundary and under indeterminacthitresearch the structure of some new neutrosophi
sets will give high accuracy and specifically tomso elements that were within the data of non-
identification where five new known regions wereveleped well known. Therefore, neutrosophic pre-
approximation space is a powerful mathematical toaleal with incompleteness

In this paper, we introduce the conceptneutrosophic pre-approximation space and its
properties. First, we review some basic notionateel to pre-approximation space and neutrosopksc se
after that, we construct the neutrosophic pre- to(pee- upper) approximations of sets, order to
generate a new type of sets called neutrosophic pre- rough (pre-exat and discuss some of their
interesting properties.
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2- Pre-approximation Space:

In the sense of Pawlak [12], knowledgasists of a family of classification patternsg the
domain of interest. This view is general enoughctwer various understandings of this concept in
literature. The basic concept of RST is the notdrapproximation space, which is an ordered pair
(U, R) whereU is a nonempty finite set called the universe Binslan equivalence relation.

The concept of pre-open sets, introduced andedualy Abdel Monsef [20] has been extensively applie
in general topology by several authors, This conba&s been used to create Pre-approximation space ,
which has been associated with general binaryioaekat

Definition 2.1[20]: A subset A of a topological space(X,7) is called pre-open

if ALlint(cl(A)).
Definition 2.2 [3] : Let U be a finite nonempty universal. Then the peit R;) is called a pre-
approximation space, wheRg, is a general relation referred to as a subbas®pmlogy,r and used to
generate a class of pre-open s&BgU, 1).

Remark 2.1.: In definition 2.2, we used the symbB, to avoid confusion withR, which refers to

an equivalence relation.
Definition 2.3[3]: For any4 £ U, the pre-lower and pre-upper approximationd @fith respect to
(U.,Rp) denoted byR,(4) and Ry(4) arerespectively denoted as follows:

R, (A)=U{MOPo(U, 7); M O A}, Ry (A) =N{ NOPU, 7); AON}.
Definition 2.4 : Let (U, R) be a pre-approximation spacgk.= U . We have :
I-The pre-boundary region #éfis denoted bw. b(4) is given by:p.b(A) =Ry (A)-R,(A)
ii- The pre-positive region of is denoted by. Pos (4) and defined by. Pos (A) =R, (4) .
iii- The pre-negative region of is denoted by.neg(4) and defined by.neg(4) =U-R,(4).
iv-The pre-external boundary regionAis denoted by. ext. b(4) and defined by
p.ext.b(4) =R(A) — Rp(A).
vi-The pre-internal boundary regiénis denoted by. int. b(4) and defined by
p-int.b(4) =Rp(4) ~ R(4).
Definition 2.5[3] : let (U, R;) be a pre-approximation spaet.S U. We say that:
I- Alis a pre-rough with respect & if and only Rp(4) + R, (4),which equivalentlyp.b(4) # @.
ii- Ais said to be pre-definable (pre- exact) if and/ahp. b(4) = @.
3-Neutrosophic Philosophy:
This section provides a summary of theidbasncepts of neutrosophic sets and neutrosophic

topological space.
Definition 3.1 [6] : Let X be a non-empty set. A neutrosophic set (NS fortsf0< X is an object

having the form:A4 = {< p,(x), o4(x), v,(x)) >, x € X }, where
14 (x) represents the degree of membership function.
g, (x) represents the degree of indeterminacy.
v, (x) represents the degree of non-membership funcéispectively of each elemente X to the set
A.
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Remark 3.1: A neutrosophic sed = {< pu, (x), o4(x), v4(x) >, x € X} can be expressed as an ordered
triple < p, (x), o,(x), v,(x) >in]07,17[in X. Where0™ = u, (x), g,(x), v,(x) > < 17 and0™ < pu,

(x) + 04(x) + va(x)=3".

Remark 3.2 [5] : For simplicity,we use the symbol g4 (x), a4(x), v4(x) > for neutrosophic set

A={< p,; (x), 04(x), v3(x) > x EX >x EX}.

Since Smarandache provided the neutrosophic logithé neutrosophic components T, | and F, which
representing the membership, indeterminacy andnmembership values respectively, whéeg,1%[ is

a nonstandard unit interval. Thus, the neutrosogiett can be expressed in this context, as in the
following definition.
Definition 3.2 [6] : SupposeX is a non-empty set. We express the neutrosophia seX with a truth-

membership functiofl,, an indeterminacy membership functifjrand a falsity-membership functidj.
We can be recognized as an ordered trid{j &), I, (x), Fy (x) >. WhereT; X —] 07,17 [,

;X —>]07,17[,F:X—]07,17 [, and 07 < supT, (x)+ supl, (x)+ SUpF, (x)<3~.

Definition 3.3 [6] : Let X be a non-empty set. A neutrosopicE X is said to be null or empty
neutrosophic set il,(x) = 0, I,(x) =0, F, (x) =1 for allx € X .It is denoted by:

0y, =1{< =x,0,0,1 =:x € X}

Definition 3.4 : A neutrosophi@d € X is said to be an absolute (universe) neutroscgetid

T, (x)=1,L(x)=1,F (x)=0forallx €X.ltisdenoted byl,, = {< x1,1,0 =:x € XL
Definition3.5 [5] : Let T, I, F be subsets ofy~, 17 [, with suff’=t

cup inf I=i,
supF=f_,, and infF=f,;. So:

inf 1

inf T=t, ¢, SUpl=i

sup’

Moy = tsu*p +i = 3+’ Ming = Ling 'HI'u:-JIF'*_-JijEZ 0.
Therefore, 0~ < inf (n) < sup @)= 37.

In the previous definition, T, I, and F are calleeutrophilic components, where T represents the
value of truth, while | represents the value ofetaiminacy and F represents the value of falsehood
respectively referring to neutrosophy, neutrosodggc.

Let X be a non-empty set,/AX and x € X. We can analyze the element’'s belongirtg set A

Fup +Jﬂ'u'p nt

by the following method: it i$% true in the seti% indeterminate (unknown if it is) in the set, gfftd
false, where varies in T,i varies in |,f varies in F. For software engineering propodhis,classical
unit interval [0, 1] is used.
Remark 3.3: In the single valued neutrosophic logic (t, ivig observe the following :
1- When the three components are independent, theoktime components has a value ranging between

0 and 3, which means that<@ +i + f< 3.
2- If two of the components are dependent, whilethiivel is independent of them, then

Kt+i+f<2,

3- When the three components are dependent, wegetd + f< 1.
4- If two or three components are independent. We baeeof the following options:

i-(Sum <1) because one of them made a field favnmuaete information.

iI-(Sum > 1) because the information is paracoesitsand contradictory.

ii-(Sum = 1) that is, the information is complete.
In the neutrosophic philosophy, one might say thay, neutrosophic element belongs to any set, @ue t
the percentages of truth, indeterminacy, and falsitolved ranging from O to 1, or even less thaor0O
greater than 1.
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Example 3.1: Let A be a neutrosophic set.
1- x (0.7, 0.1, 0.2FA : means, with a probability of 70%«< A, with a probability of 20% & A. As for

the rest, we cannot report it.
2- y (0,0, 1) 4: means sureg A.

3- z (0, 1, 0)e A : This means that, we cannot determine whetheelgmentz belongs to the sei or
not.

Definition 3.6 [16] :

Let A andB be NSs of the formd = < u, (x),0,(x), v, (x) :x € X = and

B =< pg (x),05(x),vg(x):x € X =.Then:

i- A € Bifandonlyifu, (x) <pug (x),04(x) < og(x) andvy(x) = vg(x).

ji- A = <w (%) ,0,(x),uy (x) s x € X =

- ANB=<p, (x)Apg(x), 0,(x) A oglx),vy(x) Vvg(x): x € X =

V-AUB =<, (x) Vug (x), o.(x) V oy(x)vy(x) Avg(x) : x € X =,

Definition 3.7 : Let X be a non-empty set, a neutrosophicAsetith x, (x)=1, a,(x)=1 andv, (x)=1, is

called normal neutrosophic set. In other wadds called normal if and only thax.... g, (x))= max,.,

0, (x)= max, . vy (x)=1.

Proposition 3.1 [16] : Let A = < u, (x),0,(x),v,(x)> be a neutrosophic set on a gkt Then the

following properties hold:

i- AU 0y = A
i- AU 1, =1,.
iii- AN 0y = 0y.
iv- AN 1, = A.

Definition 3.8 [17]: Let X be a non-empty set armli be the collection of neutrosophic subsets of{
satisfying the following properties:

i- ON,1IN £ IN.
i-T1 n T2 € TN foranyT1,T2 € N.
ii-u Ti € N for every{Ti: i € j} € IN.
In this case, the spadé, TN is called a neutrosophic topological space (N-T18g element ofN are
called neutrosophic open 4g{@) and its complement is a neutrosophic closefN&E}
Definition 3.9: Let (X, TN) be neutrosophic topological space aha: < p, (x),0,(x)v;(x)> be a
neutrosophic set in¥.Then neutrosophic interior and neutrosophic clesaf A are defined by:
N.int (A)=UM: MisaN—-0Oset,M € A4},

N.cl(A)=N{N:Nisa N — C set,A € N}.
Proposition 3.2: Let (X,TN) be neutrosophic topological spacer= < i, (x),o0,(x),v,(x)> be a
neutrosophic set i¥.Then
i- A is neutrosophic open set A = N.int (A)
ii- 4 is neutrosophic closed set A = N.cl(4).
4. Neutrosophic Pre-Approximation Space:

This section is divided into four parts. We ffictarify the concept of neutrosophic pre -open
and pre-closed sets. In the second part, we degfiee lower (pre- upper) approximations of
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neutrosophic set that are the basic component utfosophic pre-approximation space and study
its most important properties. Finally, we are goia create a new type of sets called pre-rough
sets and investigate some of its properties.

4.1- Neutrosophic pre-open and pre-closed sets:
Definition 4.1 Let A be a neutrosophic set of a neutrosophic topologgnA is said to be:

i- neutrosophic pre-open set o (NFQ) if there exists a neutrosophic open 9&P such
that NOS A S NO(Ncl (4)).

il -neutrosophic pre-closed setsX{NFC) if there exists &/ C set such that
N.cI(NC)S ACNCE.

Theorem 4.1: Let (X,n) be a N-T-S andl = < u, (x),0,(x),v,(x)> be a neutrosophic set in
X.Then:

i- A is neutrosophicpre pre- open set if and onl & N int (Ncl (4)).
ii- A is neutrosophicpre pre- closed set if and onfy«i (N int (Aj) c A
Proof: i-Let Ais a neutrosophic pre- open seiXin(i.e.) NO & 4 < NO(Ncl (4)) for some NO.
ButNO S N int (A).ThusNO(Ncl (A)) € N int (Ncl (4)).
Hencel & NQ(Ncl (A)) € N int (Ncl (A)). ThereforeA € N int [Ncl (A]).
Conversely. Suppos® & N int (Ncl (4)). We have to prove that is neutrosophigre- open set.
We know thatV@ = N int (4A)and NO = A= NO(Ncl (4)).
Therefore A is a neutrosophic pr@pen set.
li- Suppose that A be NPC set in X. Thﬂﬁr_f(N int (Aj) C A < Nc for some NS closed stC
However, we haviécl (A) = NC.
Conversely, Letncl (N int (Aj) C A. ThenNel (A) = NC, butNel (N int (Aj) C AC NC.

Therefore Ais a NPC set.
Example4.l: LetX = {a; b; c}. Let.4={{0.5,0.5, 0.5}, {0.4, 0.4, 0.6}, {0.5,0.5,0.5)},

B = {{0.5, 0.5, 0.5). {0.55, 0.55, 0.55), (0.5,0.5,0.5}},

C = {{0.6, 0.6, 0.4}, (0.6, 0.6, 0.4}, {0.5,0.5,0.5). Then =N = {ON, 1IN ,A,B,C}is a N-T-S. The setD =
{(0.5,0.5, 0.5}, {0.4, 0.4, 0.6),{0.4,0.4,0.6} is pre-open set

Theorem 4.2 : In neutrosophic topolo@¥,tn), A S X. Then :

i- Ais aNPQ set iff A is aNPC set.

ii- 4is aNPC set iff A%is aNFPO set.

Proof : Obvious
Theorem 4.3: Let (X, v ) be any N-T-S. We have :

i-The union of two neutrosophic pre-open sets agaieutrosophic pre-open set.
ii-The intersection of two neutrosophic pre-closetk is also a neutrosophic pre-closed set.

Proof : i-Let 4, B be any two neutrosophic pre-open setstirtfr).then

AT N int (Ncl(A)), B C N int (Ncl (B)).
= AUB S N int (Nel (A))U (N int (Ncl (B)).
— AUB C N int [Ncl (4))U Nel (B)].
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= AUB < Nint [Ncl (AU B).
Thereforel U B is a neutrosophic pre-open seXin

ii- Let 4, B be any two neutrosophic pre-open setsXirtfy). Then
Ncl (Nint (A)) € A, Ncl (Nint(B)) S B

= Ncl (N int (4)) N Ncl (Nint (B)) € AN B.
= Ncl (N int (4) NN int (B)) € AN B.
= Nel (Nint (ANB)) € ANB.

Hencel n B is neutrosophic pre-closed set.
Remark 4.1: The intersection of any twi¥PO sets need not be PO set inX. Also, the union of any
two NPC sets need not beNsPC set or{X, TN ) as shown by the following example.
Example4.3: LetX = {a, b}. LetA={ (0.4, 0.8, 0.9,{0.7, 0.5, 0.3},
B={ {(0.5,0.8,0.6,(0.8,0.4,0.3}, C={{0.4,0.7,0.9,{ 0.6,0.4,0.4},
D={{0.5,0.7,0.%,{0.8, 0.4, 0.p}. Then

N = {ON,1N ,A,B,C, D} is neutrosophic topology ct. Consider

M = {(0.6,0.8,0.6 ),{1.0,05,05)}, N ={(1.0,1.0,0.3),(0.7,0.3,0.6)) are NPO sets butM NN is not
NP O set.
Theorem 4.4: Let (X,Tn) be a N-T-SIf {Ai}[ - ; S X be a collection of VPO sets. Then

i-U ;= ; 4; is neutrosophic pre-opeset in(X, ).

ii-MN ;= ;B; is neutrosophic pre-closed setX, Tn)
Proof : i-Let {4,,i € I} be a family of NPO sets By definition 3.1, for each € I, we
haveNQO. & A. S NO.(Ncl (4)).

= U,-; NG, S U.. ;4 S U,.; NO,(Ncl (4).
= U, ;4. € U, Nint, (Ncl (4)). ThereforelJ .. ; 4;is aNPO set

ii- Let {B,,i € I} be a family ofNPC setsBy definition 3.1 and theorem3.1, for e&icle I, we have
NC,(Nint(B,) € B, € NC.Then

= N [NC;(Nint(B;) € Ny ;B; € N [NCY).
= ;2 NCL(Nint(B,) S N,z ,B;
Thereforef] ;- ;B; is a neutrosophic pre-closed set.

Theorem 4.5: Let (X, i) be a N-T-S. Then:
I-EveryNO set in the N-T-S is ¥ PO set.
ii-EveryNC set in the N-T-S is aVPC set.

Proof: i- Let Abe N@ set in N-T-S. Then by proposition 34.= Nint (4).But
A S Nel (4)).Then Nint (4) € Nint (N cl(4)) = A S Nint (N cl(4)).
HenceA is aNF 0O set.

ii- let Abe NC set in N-T-S. Then by proposition 34.= Ncl (4). ButNint (4) € A,
ThenNel(Nint (4)) € N cl(4) = Ncl(Nint (4)) S A Hence A is aVPC set.
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4.2- Neutrosophic pre-lower and pre-upper approximations
Definition 4.2: Let (X,7N) be a N-T-S andA = < u, (x),0,(x),v,(x)> be a neutrosophic setin
Then the neutrosophic pre-interior AfN. pint(4))and neutrosophic pre-closure df(N. pcl(4)) are
defined as:
N.opint(A)=V{MMisaN—pO0SinXand M S 4},
N.pcl(A) =nN{L,NisaN—pCSinX and A €L } respectively.
Clearly, neutrosophic pre-interior @f (N.pint(A4)) is the union of all neutrosophic pre-open sets of
contained ind. ThereforeN.pint(A) is the largest neutrosophic pre-open set égvarhich is contained
in A.

Neutrosophic pre-closure 4f(N.pcl(A))is the intersection of all neutrosophic pre-closets of
X containingl. ThenN. pcl(A4)is the smallest neutrosophic pre-closed set dvemich containd.

Definition 4.3: Let X be a nonempty universe of discourse. For an arlitreutrosophic relation R over
X x X the pair(X_,.Rp) is called neutrosophic pre-approximation spac®(S).

The class of all neutrosophic pre-open sets istdenby N.p0O5(X_ . R;) and the class of all
neutrosophic pre-closed sets is denotel.i#fS (X . Rp).
Definition 4.4: For any A € (X_,. Rp)the neutrosophic pre-lower and pre-upper approximat
denoted bw.R,(4) andN.R,(A) are defined respectively by:

N.Ry(A) =V{M,MisaN.pOSinXand M S 4},

N.H__p[f-l) =n{L,LisaNpCSsinXandASL}
Remark 4.2: it is easy to see thai. R,(4) andN.R,(4) are two neutrosophic sets in U ,thus the
mappingv. R,(4) , N.R,(4) :N(V) :N(U) are, respectively is exactly.pint(4) , N.pcl(4) in the
N.T.S.

Proposition 4.1: Let A , B be any two neutrosophic sets(i, . Rz ). Then
i- 4 is neutrosophic pre-open set 4 = N.R,(A4)

ii- 4 is neutrosophic pre-closed set 4 = N.R,(A4).
Theorem 4.6: Let A, B be any two neutrosophic sets in neutrosophic ppgeximation space

(X_,Rp). Then the neutrosophic pre- lower (pre-upper) @xipration operators satisfy the following
properties.

1. N.R, (ON) = ON, N.R,(1N) = 1N.

2. N.Rp(4) SACN.Ry(A).

3. AS B=N.R,(A) EN.R,(B).

4. A S B=N.Ry(A) SN.Rp(B).

Proof : Let x & N.&(x—l] which means that €U { M, M isa N.p0OS in X and M € A}. Then there

exists My € N.pOS(X_,.Rp) suchthatt € M, S A Thusx € A.

HenceNn.R,(4) S A.
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Also, letx € A and by definition oW.Ry(4) =N{ L LisaN.pCSinX and A S L }.
Sincex € 4, thenx € L, for all L € N.pCS(X,, R;). Hence A CN. R, (A4).

Theorem 4.7: Let A be any neutrosophic set in neutrosophic pre-ajpmetion spacefX_,, R,).
Then

- (N.Rp(4))€ = N.Rp(A)",

ji- (N.Rp(ANE = N.Ry(A)°.

Proof: i- Let A € X be a NS in N-T-S. We have
N.Rp(A) =V {M,MisaN.pOSinX and M < A}, Then
( N.&(Ajj'-’ =(U{M,M is a N.pOS in X and M € A})“

A{MS M®isa N.pCS inX and A“ S N }.
Replacing M® by L, we get( N.R,(A))*=n{NNisaN.pCSinX and ASL ).

Therefore N.Ry(A))¢ = N.R;(A4).

Analogously (ii) can be proved.
4.3- Neutrosophic Pre-rough sets:

In this section, we define a new type of sets datleutrosophic pre- rough sets and investigate some
of their properties.

Definition 4.5: Let A is a neutrosophic set in neutrosophic pre-appration space X _,, Ry ). Then we
say that:

i- A is a neutrosophic pre-rough i.Rp(4) # N.R,(4).

ii- A is a neutrosophic pre-exact (pre-definableifr,(4) = N.R,(A).

Definition 4.6: Let A be any neutrosophic set in neutrosophic pre-apmetion spactX_,.Rp). Then
we define a neutrosophic pre-boundaryds follows:

N.Pb(A) = N.R, (4) — N.Rp(4).

Proposition 4.2: Let 4 be any neutrosophic set in neutrosophic pre-apmation spacgx,,.R;). Then
A is a neutrosophic pre-definable set iff.Pb(A4) = ¢.

Proof. Obvious

Proposition 4.3: Let (X,,,Rp) be a neutrosophic pre-approximation space. Then

i- Every neutrosophic exact setinis a neutrosophic pre- definable.

ii- Every neutrosophic pre-rough set¥ns a neutrosophic rough.
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Proof: i- LetA = <p, (x),0,(x),v, (x)>be a neutrosophic definable seXirthen

N.cl(4) = N.Int(4) = 4, but we have
A= N.Int(A) S N.pint(A) S N.pcl(4) S N.cl(A) = A.Thus
N.pint(A) = N.pcl(A). Henced is a neutrosophic pre- definable.
iii- Since we haveV.ph(A4) C N.b(4), for any neutrosophic sdtin X. If N.pb(4) # ¢
which means thai is a neutrosophic pre-rough. Think(4) # ¢. Henced is a neutrosophic
rough. Whenever, V. b(4) = ¢ means tha# is a neutrosophic definable set, then
N.pb(A) = ¢ thusX is a neutrosophic pre-exact.
Obviously[N.R_p[Aj,N.R_P[A]j is a definable neutrosophic set in the neutrosoptg-approximation
spacéX., Rz ).
Definition 4.7: Let (X, Rp) be a neutrosophic pre-approximation spaces X.We are developing five

new regions that are well definable:

I-The neutrosophic pre-boundary regiorha$ denoted bw.p. b(4) is given by:
N.pb(A) =N.R,(4) — N.Rp(A).

ii- The neutrosophic pre-positive regionfs denoted bw. P. Pos (A) and defined by:
N.P.Pos (A) =N.Rp(4) .

lii- The neutrosophic pre-negative regionfofs denoted by. P.neg(A) and defined by:
N.P.neg(4) =U-N.Rp(4).

iv-The neutrosophic pre-external boundary regiorAds denoted byW.p. ext.b(A4) and defined by:

N.p.ext.b(A) =N.R(A) ~N.Ry(4).
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vi-The neutrosophic pre-internal boundary regidns denoted byNV.p.int.b(4) and defined by:

N.p.int.b(4) =N.R,(A) -N.R(4).

Theorem 4.8: Let A be any neutrosophic set in neutrosophic pre-aqmation space(X_,.,R5). Then

the following properties hold:

i- N.Pb(A4) C N.b(A)
ii- N.p.ext.b(4) S N.b(A).
jii- N.Pb(A) € N.p.int.b(A).

Proof: i- N.Pb(A4) = N.R,(A) — N.Rp(4)

C N.R,(4) — N.R(4)
C N.R(A) — N.R(4) = N.b(A4).

(il and iii) are obvious.

Theorem 4.9: Let A, B be two neutrosophic sets in neutrosophic preeipration space(X_,, Ry ).

Then the following properties hold:
I- N.neg(A) S N.P.neg(A)

ii- N.P.neg(AUB) S N.P.neg(4A)U N.P.neg(A4).

li- N.P.neg(4ANB) 2 N.P.neg(A4) N N.P.neg(4)

Proof : i- Sincen. R,(4)S N.R(A) then U — N.R(4) € U-N.R,(A) but
(N.neg(A) =U- N.R(A) S U- N.R,(A)= N.P.neg(A). Therefore N.neg(A) S N.P.neg(A).
ii- Since N. R,(AUB) 2 N.R,(4) U N.R,(B).So

U- N.R,(AUB) € U— (N.R,(4) UN.R_(B)).

= N.P.neg(AUB) = U~ N.R,(AUB) S U~ (N.R,(4) U N.R,(B)).

= (N.R5(4) U N.Rp(B))’=( N.Rp(A)° N (N.Rp(B))F
=(U—N.Ry(A) n(U—N.Ry(B))

=N.P.neg(A) N N.P.neg(B)CS N.P.neg(A) n N.P.neg(B).
iii-Since N.R, (ANB) € N.R, (A) N N.R, (B). Then

U- (N.R, (A) N N.R, (B)) € U~ N.R, (ANB), but
N.P.neg(ANB)=U- N.R, (ANB) 2 U~ (N.R, (A) N N.R, (B))
2U-(N.Ry (A)U N.R; (B))
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=(U- N.R, (A)) N (U- N.R, (B)) =N.P.neg(A) N N.P.neg(A4).

4.4-Properties of neutrosophic pre-rough sets

Theorem 4.10: Let A,B be two neutrosophigre-rough sets in neutrosophic pre-approximation

spacéX_y, Rp). Then the following properties hold:

i- N.R(ANnB) S N.R;(4A) nN.R,(B).

i- N.R_P[A UB) 2 N.;(@ U N.gga}

ii- N.R, (A NB)S N.R, (A) n N.R; (B).

iv- N.R; (AUB) 2 N.R, (A) U N.R, (B).

Proof. i-Since A NB € A, A NB < B, then by Theorem 4.5, we haw:.Rp(4 NB) S N.Ry(A4)

and N.R,(AN B) € N.Ry(B). HenceV.R,(A N B) © N.Rp(4) N N.R,(B).

i-Since we have A AuUuB andB S A uB.Then N.&(I—l] c N.R_P[A UE) and
N.R,(B) S N.R,(4 UB) .ThereforeN.R,(4) UN.R,(B) € N.R,(4 UB).

ii- Since ANB € A, A NB € B, then by Theorem 4.5, we hawer, (A NB)= N.R, (4)and

N.R; (A NB)S N.R,(B). HenceN.Rp(AN B) S N.Rp(4) N N.R,(B).

iv-Similar to i.

Remark4.3 : The necessary and sufficient condition for acmgwquality in the previous theory is to be
the setsi ,B be two neutrosophigre-definable sets.

Theorem4.11: Let A,B be two neutrosophipre- definable sets in neutrosophic pre-approxiomati
spac€X_y, Rp). Then the following properties hold:

i- N.Rp(4UB) = N.Rp(4) UN.Ry(B)
ii- N.R, (ANB)=N.R, (A) n N.R; (B).

Proof : i- The first part of the proof was proven in the poes theory in generaFor the converse
inclusion, letx € N.R, (A U F) that means,

xEV{M,MisaN—pO5SinXand M S AUE} . Then there exists
M_ € N.pOS(X_,,Rp) Such thatt € M_ & AU B. We distinguish three cases :

Case(i) If M, S A, x € M_ andM_ is a neutrosophic pre-open set, thefqi N. R, (A4).

Case(ii) M,nA =0, thenM, = B andx € M, thus x € N.R,(F)
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Case(iii) M_nA # @ . Sincex € M, andM_ is a neutrosophic pre-open set, then

x € N.p.cl(4), for everyM, which has the above condition, thiss N.R, (A), but A is neutrosophic
pre- definable set thenx € N.R,(E). Hence, in three casesc € N.R,(A)UN.R,(B). Therefore

N.R,(AUB) = N.Ry(A)UN.R;(B).
iii- Similar to (i).
Conclusion :

Neutrosophic sets are well equipped to handle ngsdata. This article has taken a step forward
in developing methods that can be used to desaridadentify regions or data that have been amliguo
and indeterminate to reach more accurate resulith e neutrosophic pre-approximation space, we
introduced neutrosophic pre-lower (pre-upper) apipmations of neutrosophic sets. A new type of
neutrosophic sets, which we have called neutrosogine-rough sets, are defined, we can use
neutrosophic pre-rough sets in spatial data modelge new well-defined regions were developed and
the relationship between them was studied. The roamtributions of the paper can be described as
follows:

Possible applications are listed after the debniof neutrosophic pre-rough sets. It is very usefthe
study of GIS.

We defined some new operators to describe thimgkdaveloped some neutrosophic regions.
Possibility to profitably manipulate the spatiadlydn terms of neutrosophic pre-rough sets.

References :
[1] Zadeh, L.A. (1965). Fuzzy sets. Inform Conpbp.338—353.

[2] Atanassov, K. (1983). Intuitionistic fuzzy sets VII ITKR’s Session ; Publishing House : Sofia,
Bulgaria.

[3] Entesar Al-Amin, (2004).Topological Rough séit,Sc., Thesis. Tanta Univ.

[4] Smarandache, F. (2002). Neutrosophy and Neptdos Logic, Information Sciences. First
International Conference on Neutrosophy, Neutrogopbgic, Set, Probability and Statistics Univeysit
of New Mexico, Gallup, NM 87301, USA.

[5] Smarandache, F. (2005). Neutrosophic set, @&mgdimation of the intuitionistic fuzzy sets, Inter
.Pure Appl. Math. 24, pp.287-297.

[6] Smarandache, F. (1999). A Unifying Field in licgy Neutrosophic Logic. Neutrosophy, Neutrosophic
Set, Neutrosophic Probability, 3rd ed.; Americars&ch Press: Rehoboth, NM, USA.

[7] Zhang, M., Zhang L. and Cheng, H. D. (2010).nAutrosophic approach to image segmentation
based on watershed method. Signal Processingg3510-1517.

[8] Biswas, P., Pramanik S. and Giri, B.C., (201B)trophy based grey relational analysis method for
multi-attribute decision making under single valuseutrosophic assessments. Neutrosophic sets and
systems (2) pp.102-110.

[9] Biswas, P., Pramanik S. and Giri, B.C. (2014)new methodology for neutrosophic multi-attribute
decision making with Unknown. Weight InformationNesophic sets and systems (3)

pp. 42-52.

360

—
| —



Entesar Al Amin

[10] Ye, J. (2013). Multicriteria Decision Makingatihod using the correlation coefficient under sngl
valued neutrosophic environment, International dalof General Systems 42(4) pp.

386-394.

[11] Ye, J. (2014). Single valued neutrosophic srestrophy for multicriteria decision making prabke
Applied Mathematical Modelling (38) pp. 1170-1175.

[12] Pawlak, Z. A. (1982). Rough sets, Internatioh@urnal of Computer & Information Sciences, (11)
pp. 341-356.

[13] Zhang, C., Li, D., Kang, X., Song, D., SandgmiA. K. and Broumi, S. (2020). Neutrosophic fusion
of rough set theory: an overview, Computers in sidy (115) pp. 03117.

[14] Broumi, S., Smarandache, F. and Dhar, M. (20Ré&ugh neutrosophic sets, Italian Journal of Pure
and Applied Mathematics, (32), pp.493-502.

[15] Sweety, C. A. C. and Arockiarani, I. (2017Rough sets in neutrosophic approximation space,
Annals of Fuzzy Mathematics and Informatics, (18) 4, pp. 449-463

[16] Salama, A. A., AL-Blowi, S.A. (2012). Neutrgsaac Set and Neutrosophic Topological Spaces,
IOSR Journal of Math., (3), pp. 31-35.

[17] Salama, A. A., Smarandache, F. and Valeri Krou (2014). Neutrosophic crisp Sets &
Neutrosophic crisp Topological Spaces, Neutrosofkis and Systems, (2), pp.25-30

[18] Dhavaseelan R. and Jafari, S. (2018). Gdimerhneutrosophic closed sets. In New Trends in
Neutrosophic Theory and Application ; Smarandad¢he,Pramanik, S., Eds.; Pons Editions: Brussels,
Belgium. (2), pp. 261-274.

[19]Salama, A. A., Abdelfattah, M. and Alblowi, 8. (2014). Some Intuitionistic Topological Notions
of Intuitionistic Region, Possible Application tol$ Topological Rules. International Journal of
Enhanced Research in Management & Computer Apjditst(3) no. 6, pp.1-13.

[20] Abd EI-Monsef, M. E. (1980). Studies on sopnetopological concepts, Ph. D. Thesis, Tanta Univ.




