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Abstract

The research started from Salama's generalization to both ideal and local function through NCSs. We presented
some results and properties to reinforce the concept of the generalized local function, which though its properties
was used to deduce the properties of the .- operator that we generalized through NCSS.
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1. Introduction

In 2013 [1], Salama was introduced to the idea of ideal through neutrosophic crisp sets. But the mathematical basis
for both the neutrosophic and neutrosophic crisp sets (NCS) was firs laid down by Smarandache [2,3]. For any
non-empty set Y.

The NCS Ay = (A, Ay, Ag) With A; N A, =0, Ay NA; =0, and A, N Az = @. And the NC empty set
Oy =(0,0,Y)and Yy =(Y,Y,@)and Ay N By = (A; N By, A, N By, A3 UB3), Ay UBy = (A UBy, A, U
B,, Az N'Bs), Ay S By iff B; € A3, A; € B,, i = 1,2 and the complement By = (Y \ B, Y \ B2, Y \ Bs3).
We take the neutrosophic crisp point (NCP)

Py, = ({p}, 0, {p}), Py, € Ay iff Ped,,
Py, = ({p}, @, ®°), Py, € Ay iff PeA,,

Py, =(@,{p}, {p}°), Py, € Ay iff PecA,,

Py, = (0,{p}, @), Py, € Ay iff PYe. The symbol PsA means the classic affiliation. The idea of ideal I is defined
by Kuratowski [4,5], which represents a non - empty family of subsets and is closed w.r.t. finite unions and
hereditary. Also Kuratowski defined the local function as A* = {PeY; VU € T, PcU and U N A& 1}. Al-Obaidi
et al. [18,19] gave the view of new types of weakly neutrosophic crisp open mappings and new types of weakly
neutrosophic crisp closed functions. Finally, the senses of some types of neutrosophic topological groups with
respect to neutrosophic alpha open sets, new types of weakly neutrosophic crisp continuity, new concepts of
neutrosophic crisp open sets, new concepts of weakly neutrosophic crisp separation axioms, and neutrosophic crisp
generalized sg-closed sets and their continuity were informed by Imran et al. [20-24]. Abdulkadhim et al. [25]
presented the view of neutrosophic crisp generalized alpha generalized closed sets.

2. Preliminaries

2.1 Definition [1]: Let Iy-a non-empty family of NCSs on a non-empty set Y is called a Neutrosophic crisp ideal
(NCI), if it is closed w.r.t. finite unions and hereditary.

- The families {@y} and NCSs are trivial NCls.
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- Forany NCP P, lycps = {An; P & Ay} is the principle NCI. Through own study, when we say "the NCI"
we mean the proper NCI (i.e. Yy Elye).

2.2 Definition [9]: A collection T,-0f NCSs in Y, is called NCTS if T, containing @, Yy and closed w.r.t.
finite intersection, Also closed w.r.t. unions. If Aye Tyc, then Ay, is called NCOS and A, € is called NCCS. Let
(Yn, Tne, Iye) is called Neutrosophic crisp topological ideal space (NCTIS). In a simplified way, we symbolize it

Inc
yHNC :

2.3 Definition [9]: Let ’y[&’c be a NCTIS. Let Ay be any NCS. Then the Neutrosophic crisp local function

(o}
AnE€lyc}, for any type on NCPs P . If Ty = {@y}, then NC A* =NCCI(A) and for Iy, = NCSs, then
NC A" = @y, forany NCS A,.
2.4 Theorem [9]: Let y[a"c be a NCTIS and for any NCSs Ay, By, the following properties are verified;

C

1- If Ay S By, then NC Ay S NC By.

2- NCAjy = NCCI(Ay) € NCCI(Ay) , where NCCI(A ) is Neutrosophic crisp closure of Ay
3- NCAy € NCAy.

4- NC(Ay UBy) = NCAL UNCB;.

5- IF Iyelyc, then NC Iy = @y.

6- IF Iyelyc, then NC(Ay UIy)* = NC(Ay NIS)* = NC A}

2.5 Remake : Through (Definition 2.3) and (Theorem 2.4), we can conclude:

i. NC @}kv = @N,
ii. For any NCS A, then
iii. Ay N(NCAD) NNC(Ay N (NCA)) =Dy
iv. NC Ay N (NCBy)¢ = [NC(Ay NBg)* N (NCBy)] € NC(Ay NBR)”
V. Forany NCOS Uy, Uy NNC Ay S NC(Uy N Ay)*.

2.6 Theorem : For any NCTIS yﬁ”, the following statements are equivalent;

C
1- Tye Nlye = {0y}
2- IfIyelyc, then NCint(Iy) = @, , where NCint(Iy) is a Neutrosophic crisp interior of Iy
3- Forany NCOS Gy, then Gy < NC Gy,.

4- Yy S NCYpe.
Proof 1=2. Let Tyc N Iy = {@y} and Iye Iy If possible, pe NCint(Iy) = 3 UyeTye, pEUyC
Iy =by (Definition 2.1) Uyely, which contradiction part(1).

2=3. Let Gy be aNCOS and p € Gyif p& NC Gy = IUyeTye, P € Uyand Uy N Gyelycbut pe Gy N Uy =
NCint(Gy N Uy), which contradiction part(2).

3=4. Since Yyis NCOS, so by part (3) Yye = NC Ype-
4=>1. If pOSSIb|e HQN * GNETNC n ]INC = Hp € GN, but GN n ch = GNE]INC' Then p & NC ‘yltlc = yNCl which
contradiction.

— We defined the NCTIS yg’jgis NC- codense iff Tyc N Iye = Dy.

2.7 Definition [9]: Let INC he @ NCTIS. For any NCS A, the Neutrosophic crisp closure operator w.r.t.
Inc

Tve and Ly of Ay by NCCI*(Ay) = Ay U NCAY. And the NCT Ty generated by NCCI™, i.e. Ty, = {Ay S
yNC; NCCI(CAIC\[)* = cﬂjc{]} |S flner than TNCand fOT HNC = {®N}’ then TNC = TI\;C

3.1 Definition :Let y[aVCCbe a NCTIS. A operator Yyc: NCSs — Ty for any NCS Ay, is defined by Yy (Ay) =
(AR
32 Example . Let y = {a, b, C}, TNC = {@NC; ch, (Q): {a}l {bl C})l ({a}l {bl C}l Q))}l and I[NC

{Bnc, (@, {a}, {b}), (D, {a}, {c, b}), (®, {c}, {b}),(®,{c}, {a, b}), (B, {a,c},{b})}. ~ Then  ({{c},®,{a,b}))’
(y, {b, C}l @) and II)NC (({C}, Q' {a, b})) = (@, {a}, y)
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3.3 Remark :

- From (Definition 3.1), for any p € Ync(Ay), IGyeTyc St Gy N Afely. Also we see that (A" =
[Wne (An)]C and Py (AF) = (AR)°©.

— ltclear that Yo (Ay) is NCOS because (Ay)* is NCCS.

- lI)NC (CAN Y BN) * lI)NC ("AN) Y 1I)NC(BN)I from (Example 32) If CAN = <{C}! {al b}: ®>! BN = ({C}, @: {al b})a
Yne(Ay U By) = Oy but Yy (Ay) Upne(By) = (0, {a}, Y).

- Forany Af € Iyc. Then Yyc(An) = Yne = Une(Yne)-

— The yyc- operator preserves the odor relative to <, in another meaning if Ay S By, then Yyc(Ay) S

leC(BN)-
— Inthe case of Ay Y1y, calculating yy.- operator to both By N (Ax)€ and (By U Ay ), Ay has no effect
onit, i.e. itequalsto Ync(By).
There are many properties of the yy.- operator that have important and fundamental implications for many
topological concepts, which are a common conclusion between (Definition 3.1) and the properties of the local
function in defined on NCSs, as shown in the following theorem.
3.4 Theorem : Let y[@’c be a NCTIS, then for any NCSs Ay, By, the following statement are hole:

C

1- Pnc(Ay NBy) = Pnc(An) N Pnc(By).

2 Pne(An) € Yne(Wne(Aw)).

3- Ync(Ay) = 1/)Nc(1/)Nc(<ﬂN)) iff (A" = [(AL]

4- If [(Ay N (By)) U (By N (Ay))]e Iyc, then Yyc(Ay) = Pue(By).
5- Ay NYyc(Ay) = NCInt*(Ay).

6- If GyeTye, then Gy € Yy (Gy).

7- Wnc(Ay) =U{GyeTyc; Gy N AFYyc}

Proof (4). Put Ay N By, = Cy, By N Ay = Dy, since [Cy U Dylelye = Cy, Dyéelye, but By = (Ay N By) U
(AvNBR) =(AyNCHUDy and by (Remark 3.3) Ync(By) = Pncl(Ay NCR) U DN] =
Yne(Ap).

Proof (5). Since NCint*(Ay) = [NCCI* (A = [AS U AT = Ay N AS™ = Ay 0 Pne(Ay).

Proof (6). Let Gy € Tyc and Yync(Gy) = [(GR)*]¢ and (GR)* € NCCI(GF) = G. Then Gy < [(GF)']€ =
Yne(Gy).

— ltisnoted that Ty = {Gy S Ync; Gy S Wnc(Gy)} is a NCTS finer than Tyy.

— One of the properties that we deduce using (Theorem 3.4) is:

a) IfAy NBy = Byc, then Pyc(Ay) N By = Byc and Ay N Pne(By) = Dye.

b) Ifc/qN N BN = QNC al’ld cqu,BN are NCOSS, then CA;] N BN = QN and CAN N BX] = QN'

3.5 Proposition : Let y&f be a NCTS and Ty¢ N Iye = Bye, then Py (Ay) € Ay.

Proof : Let NCP p € Ync(Ay) = T UyeTye ST UN N AGelye... ...3-1.
If possible p & A5 = IGNeTycSt Gy N Apnelyc......... 3-2.

From 3.1 and 3.2, we get Gy N Uy = [(Gy NUy) NAN] U [(Gy N Uy) NAK] ellyc. Then Tye N lye # Ducs
which contradiction the assumption.

3.6 Theorem : Let yﬁl"g be a NCTS. Then following are equivalent:lis dlslxall CiS),

1- NC- codense.

2- If Ay is NCCI, then e (Ay) € Ap.

3- NCint (NCCI(Ay)) = Yye (NCint (NCCI(AN))).
4-  For UyeTyc, then Yy (Uy) € Uy,

5- If Hy elyc, then Yyc (Hy) = Ope-

Proof 1=2. By (Proposition 3.5) and (Theorem 2.4) yYnc(Ay) € NCAN S NCCI(Ay) = Ay.
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2=3. Since NCint (NCCI(Ay))eTyc = by (Theorem 2.4) NCint (NCCI(Ay)) € Ync (NCint (NCCI(Ay))),
but NCCI(Ay) is NCCS and by part (2) wnc (NCint (NCCI(Ay))) S Ync(NCCI(Ay)) <
NCint (NCCI(Ay)).

3=4. By (Theorem 2.6). For Uye Tyc = Uy S NCUj = NCint (NCCI(Uy)) € NCCI(Uy) S NCCI(NCUR) =
NCU, and Yy (NCint (NCCI(’UN))) = NCint (NCCI(Uy)) € NCUjbut Une(Uy) S
Pne (NCint (NCCI(Uy))) € NCUj. Then tyc (Uy) € NCUj,.

4=5. By (Theorem 2.6). For Hy €llyc, then Ync(Hy) = Yy N (NCYR)E =Yy NYgy = Dpc-

5=1. If possible 3@y # GyeTye, Guelyc. Then by part (5), Yy (Gy) = Oy, and by (Theorem1.4(4)) Gy S
Wne(Gy) = @y, which contradiction.

3.7 Theorem : Let yHTIC’C be a NCTIS, if . is NC-codense, then

C

1- leC[NC[leC(NC‘AI*V)]*] = EDNC[NCU‘UV]-
2- NC[‘PNc(cﬂN)]* = NC[lec[NC[ch(cﬂN)]*]]

Proof 1. Put Wy = Ync(NCAyY) is NCOS, and by (Theorem 3.6) Wy = Ync(NCAN) € NC(NCAR)* S
NCAN = Yne (NCWR) € Yne(NCAY) = Wy, since WyeTye, and by using (Theorem 2.4,3.5), Wy <
Yne(Wy) E NCWy = Wy € Pye(Wy) € lec(lec(WN)) S Ync(NCWR). Then Wy = Yy (NCWy), here the
proof ends.

*

3.8 Theorem : Let y]ﬁ’vc be a NCTIS, with Ty is NC-codense. If Ay is a NCOS on By is a NCOS, then

C

YUne (NCAN) NP (NCBy) = Ync[NC(Ay N'By)'].

Proof. Since Ync[NC(Ay N By)*] € Ync(NCAR) N Ync(NCBy), from the fact Ay N By S Ay and By and
(Theorem 2.4, 3.4) conversely, if Ay is a NCOS = by (Theorem 3.4(4)) Ay N NCBy S
NC(Ay NBy)* = Ync(An) NYnc(NCBR) € Yne[NC(Ay N By)'] = Ync[NC[Ay N

Yne(NCBYT'] € leC[NC[wNC[NC(CHN n BN)*]]*] = ¢NC[NC[NC(‘HN n BN)*]] by  (Theorem
37)... 3-3). But NCAy N (NCBL) € NC[Ay Nhye (NCBYI. = hne(NCAL) N

Unc[Yne (NCBY)] € Ync[NC[Ay NP (NCBR)]]  and e (NCBY) S Ync[ne (NCBR)]. =
Unc(NCAY) N P (NCBY) € Ync[NC[Ay N Yy (NCBY)T*](...3-4) from 3-3 and 3-4, we get that

Yne (NCAR) NPy (NCBy) S Pnc[NC(Ay NBy)'].

3.9 Corollary: Let ‘yﬁlvcc be a NCTIS, with 1. is a NC-codense, the following are hold for any two
NCSs Ay and By .

1- YneNC[nc(An) N By]"] = YneINC[ne (An)] N Py (NCBR)].
2- YneINC[Ync(Ay NBy)]'T = Pne INC[nc (AT N l/’Nc[NC[I,UNC(B*N)]*]-
3- NC[nc(NCAW] U NC[hne(NCBY)]" = NC[thnc[NC(Ay U By)]] .

Proof (3). According to (Remark 3.2), (Theorem 3.4) and (Theorem3. 8) we will have the following;
First;[NC [hne (NCADIT = Yne[(ne (NCAR) ] = dnc[NCIINCA;) ] =
Une[NC(nc(A5))]. This is true for By as well, and from then we conclude the
following.[NC(Yne (NCA)) ] 0 [NC(one (NCB))] = ne[NC(onc (A$)) ] 0
Une[NC(Wne(BD) T = ¥ne(NC(¥ne (AR N BR))) = dne[NC(INC(Ay U By)))'] =
Inel(ne(NC( Ay U B ] = (NC(nc (NC( Ay UB)D) ).

3.10 Definition : NCTIS yla"cc is called Iy.- resolvable iff 3 two I.- dense NCSs Ay, By S.t Ay N By = Onc
and Ay U By = Yy.Otherwise is called I.- irresolvable.

NCS Ay, is called Iy.- dense iff NCAN = Yy.

311 EXampIe : Let y = {a' b, C}, TNC = {(Z)N' le ((Z), {a}’ {b, C}), <{a}: {b, C}, w)}l and HNC = {le ({a}, ¢; @)}
Then ({c}, @, {a, b}) is Iy-- dense.
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3.12 Remark :

If Iye = {@y}, then Ay is I- dense iff its Neutrosophic crisp dense (NCCI(Ay) = Yy)-
If Ay is Iyc- dense iff Yy (Af) = Dy

If Ay is Iyc- dense iff for each non- empty NCOS Uy 3 Uy N AxE Ly

If Ay isIyc- dense, then for any NCOS Gy, Gy = Gy N NC( Ay N Gy)*.

NCTIS ygyg be a .- irresolvable iff there is no I.- dense, which is complement isly .- dense.

a rwbdE

3.13 Proposition : The following properties are correct:

1. |If yn?ff is Iyc- resolvable, then y{g’g is NC-codense.

2. ’g[a"cc is Iy~ resolvable iff 3 Ty.- dense Ay 3 Yyc(Ay) = Dy-

3. Yy is Iyc- resolvable iff 3 NCS Ay 3 Pne(Af) = Ync(Ay) = Dy

Proof(1). Let Yy is Iyc- resolvable = 3 two Iyc- dense, Ay and By 3 Yy = Ay U By, Ay N By = By =
NC Yy = NC Ay UNC By = Yy U Yy = Yy = Y; ¢ is NC-codense.

Proof(3). Let yﬂ:cc is Iyc- resolvable = 3 two Iyc- dense, Ay ,By 3 Yy = Ay UBy, Ay N By = Af =
By, By = Ay and NC AL = NC By =Yy = (NCAR)® = By = Pnc(AR) = [NCI(AR)T]C =
[NC AX]¢ = By, Wnc(Ay) = [NC(AE)]€ = [NC By ]¢ = @y. Conversely. Let Ay be NCOS>
Yne(An) = Pne(Ay) = Oy = [NC(AR)'] = By iff NC(AR)" = Yy and [NC[(AR)]']® = Dy iff
NC(A)* = Yy and Ay U A = Yy, then yﬂ“cc is Iyc- resolvable.

3. Conclusions and future works

1. One of the future works that could be done is to generalize the local function and - operator in punter sets
and Multi Neutrosophic sets [10,11,17].

2. The concepts of NCLF and vy - operator are studied via stable Neutrosophic Crisp topological space instead
of NCTS in order to demonstrate the difference between them as well as the characteristics they shara [12,13].
On the other hand, we can also study these concepts on NCT- Sets, Neutrosophic Axial sets and n-valued
Neutrosophic Crisp sets [14,15,16].
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