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ABSTRACT. In this paper, we presented new concepts of neutrosophic crisp sets, which are known as neutrosophic
crisp axial sets of type (1) and type (2), and studied the relationships between them. We also examine their
fundamental and algebraic properties, as well as the studying of neutrosophic crisp axial intersections and unions.
To conclude, we presented the concept of topology and some related ideas, laying the groundwork for future in-

depth studies of these spaces.

1. Introduction

Salama et al. [1,2] examined a concept of neutrosophic crisp sets (NC-sets), and
neutrosophic crisp topological spaces (NCT-spaces). Al-Nafee et al. [3] presented the n-valued
Refined Neutrosophic crisp sets. Finally, the senses of new types of weakly neutrosophic crisp
open mappings and new types of weakly neutrosophic crisp closed functions were informed by
Al-Obaidi et al. [4,5]. Tomma and Al-Swidi [6] provided the ideas of stable interior and stable
exterior via neutrosophic crisp sets. Hadi et al. [7] was introduced to the concept of
neutrosophic axial set. Abdulkadhim et al. [8,9] established the interpretation of neutrosophic
crisp generalized alpha generalized closed sets, and neutrosophic crisp generalized alpha
generalized closed sets. Imran et al. [10-13] presented the view of new types of weakly

neutrosophic crisp continuity, some new concepts of weakly neutrosophic crisp separation
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axioms, new concepts of neutrosophic crisp open sets, and neutrosophic crisp generalized sg-
closed sets and their continuity. Al-Tamimi et al. [14] proposed the idea of partner sets for
generalizations of MultiNeutrosophic sets. Abdulsada and Al-Swidi [15-17] presented the
compatibility of center ideals with center topology, separation axioms of center topological
space, and center set theory of proximity space. Al-Swidi and Al-Ethary [18] introduced the
innovative concept of compactness with Gem-set. Altalkany and Al-Swidi [19] explored the
class of focal function in i-topological spaces via proximity spaces. The main objective of the
paper is to study new concepts of neutrosophic crisp sets called neutrosophic crisp axial sets of
type (1) and (2). And study their basic and algebraic properties and relationships with each
other. Moreover, we studied neutrosophic crisp axial intersections and unions. Finally, we
presented the concept of the topology and some of the ideas entrusted to it, laying the

groundwork for future in-depth studies of these spaces.

2. Preliminaries

Definition 2.1. [1] Let X be a non-empty fixed sample space. A neutrosophic crisp set (NC-set) NC 4 is

an object having the form NC 4 = (A4, Ay, Az), where Ay, Ay, Az are subsets of X.

Definition 2.2. [2] The object having the form NC 4 = (A1, A, Az3) is called:

(i) A neutrosophic crisp set of type (1) (NC-set of type (1)) if satisfying A1 NA, = ¢, A1 NAz = ¢ and
A,NA3 = ¢.

(i) A neutrosophic crisp set of type (2) (NC-set of type (2)) if satisfying A1 NA; = ¢, A1 NA3 = ¢ and
A;NAz = ¢, AUAUA3 = X.

(iif) A neutrosophic crisp set of type (3) (NC-set of type (3)) if satisfying A;NA,NA3 = ¢ and
A UAUA; = X,

Definition 2.3. [2] A family tyc of NC-sets in a non-empty particular fixed space X is called a

neutrosophic crisp topology (in short, NCT-space) on X satisfying the following conditions below:

(i) NCy NCx € Tyc.

(ii) NC4INCg € Ty where NC 4, NCg € Tyc.

(iii) UNC4, € Ty for all collections {NC, |1 € A} E Tyc.

In this circumstance, the name of the ordered pair (X, tyc) is NCT-space and every NC-set in Tyc is

titled as neutrosophic crisp open set (in short, NCO-set).

3. Types of Neutrosophic Crisp Axial Sets
Definition 3.1. Let X be a non-empty fixed sample space. A neutrosophic crisp axial set of type (1)
(NCA-set of type (1)) NCA 4 = {{A, H1, Hy): ANH; = ¢, i = 1,2}, where A, H;, H, are subsets of X.
Definition 3.2.
(i) The neutrosophic crisp axial empty set (NCA-empty set) of type (1) is denoted by: NCA.
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(ii) The neutrosophic crisp axial universal set (NCA-universal set) of type (1) is denoted by: NCAy.
Example 3.3. Let X = {a, b, c}, where

NCAg ={(}, D, D). (D, p, {a}),(®, },{b}).(®, },{c}), (D, b, {a, b}), (D, }, {a, c}). (&, &, {D, c}),(, p, X),
(9, {a}, ¢). (¢, {a}, {a}), (¢, {a}, {b}), (¢, {a}, {c}),(},{a},{a, b}), (9, {a}, {a, c}),(},{a}, {b, c}), (},{a}, X),
(¢, (b}, ), (@, {b}, {a}), (@, {b}, {b}),(, (b}, {c}), (&, {b},{a, b}), (9, (b}, {a, c}), (¢, (b}, {b, c}),{¢, (b}, X),
(9, {c}, d), (9, {c}.{a}), (&, {c}, {b}), (@, {c}, {c}), (P, {c}. {a, b}). (b, {c}. {a, c}), (¢, {c}, {b, c}), (¢, {c}, X),
(¢.{a, b}, ¢).(®,{a, b}, {a}),(,{a, b}, {b}),(¢,{a, b}, {c}),(¢.{a,b},{a, b}),(},{a, b}, {a,c}),(p,{a, b}, {b,c}),
(¢,{a, b}, X), (¢, {a,c}, ). (p.{a,c},{a}),(p.{a,c},{b}). (¢, {a c}.{c}) (b, {a c}.{a,b}) (¢.{a c}.{a,c})
(¢, {a, c}, b, c}), (P, {a, c}, X), (b, b, c}, §), (¢, (b, c}, {a}), (¢, b, c}, {b}), (¢, {b, c}, {c}), (9, b, c}, {a, b}),
(¢, 1b, c},{a, c}), (P, b, c},{b, c}), (¢, b, c}, X), (D, X, p), (¢, X, {a}),{¢, X, {b}), (¢, X, {c}), (¢}, X', {a, b}),
(9, X, {a,c}), (¢, X, {b,c}), (¢, X, X)};

NCA(qy = {({a}, ¢, ¢).{{a}, ¢, {b}), ({a}, , {c}), ({a}, , {b, c}), ({a}, {b}, ), {{a}, (b}, {b}),

({a}, {b},{c}), {{a}, {b}, {b, c}), ({a}, {c}, ), ({a}, {c}, {b}), ({a}, {c}, {c}), ({a}, {c}, {b, c}), {{a}, {D, c}, ),
({a},{b, ¢}, {b}), ({a}, {b, c}, {c}), ({a}, {b, c}, {b, c})};

NCAwy = {({b}, §, d), (b}, ¢, {a}), (b}, b, {c}), ({b}, b, {a, c}), ({b}, {a}, }), (b}, {a}, {a}), ({b}, {a}, {c}),
({b},{a},{a, c}), ({b}, {c}, @), {{b}, {c}, {a}), ({b}, {c}, {c}), ({b}, {c}, {a, c}), {{b}, {a, c}, ¢}, ({b}, {a, c}, {a}),
({b}.{a, c}, {c}). {{b}, {a, c}, {a, c})};

NCA(y = {({{c}, &, d). ({c}, b, {a}), ({c}, ¢, {b}), ({c}, ¢, {a, b}), ({c}, {a}, p), ({c}, {a}, {a}), ({c}, {a}, {b}),
({c}, {a}, {a, b}), ({c}, (b}, ¢}, {{c}, {b}, {a}), ({c}, {b}, {b}), {{c}, (b}, {a, b}),({c}, {a, b}, p), ({c}. {a, b}, {a}),
({c}, {a, b}, {b}),{{c},{a, b}, {a, b})};

NCA(py = {({a, b}, §, ¢). ({{a, b}, ¢, {c}), {{a, b}, {c}, ¢), {{a, b}, {c}, {c})};

NCA(,q = {{{a, c}, ¢, ). ({a, c}, ¢, (b)), {{a, c}, (b}, ¢), ({a, c}, (b}, {b})};

NCAp,; = {{{b, c}, ¢, ¢), ({b, ¢}, §,{a}), ({b, c}, {a}, ), ({b, ¢}, {a}, {a})};

NCAy = {{X, ¢, $)}. Then NCAgy, NCAgqy, NCAgy, NCAgg, NCAgqpy, NCAg,cy, NCAgy and NCAy
are NCA-sets of type (1).

Definition 3.4. Let X be a non-empty fixed sample space. A neutrosophic crisp axial set of type (2)
(NCA-set of type (2)) NCAY = {(A, Hy, H,): BOAH; = ¢,i = 1,2}, where A, B, Hy, H, are subsets of
X.

Definition 3.5.

(i) The neutrosophic crisp axial empty set (NCA-empty set) of type (2) is denoted by: N CA‘;} or N CAg.

(ii) The neutrosophic crisp axial universal set (NCA-universal set) of type (2) is denoted by: N CAfg or
NCA%.

Remark 3.6. If A = B, then NCAF = NCA .

Example 3.7. Let X = {a,b,c}, then NCA® = NCA,, NCA? NCA®

{acy

¢ ¢ ¢
b (@) NCA{b}, NCA{C}, NCA{a,b},

NCAR, NCASY, NCAS) = NCA, NCAl), NcAl, Ncals),, NcAlS),, Nealy)

’ {a}
NCA {a} — {py {c}’ {a,b}’ {a.cy (b,cy NCAX ,

{b,cy
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{b} {b} {p} _ {p} {p} {p} {b} {b} {c} {c}
NCAy”, NCAg, NCAy, = NCAwy, NCA,, NCAL,,, NCAy',, NCAy,, NCAS”, NCAS®, NCAQ,
{c} {c} _ {c} {c} {c} {c} {a,b} {a,b} {a,b}
NCAg, NCAG = NCAy, NCAY),, NCAZ'., NCAQR. NCAY, NCAS™”, NCAg”, NCAy”,
{a,b} {a,b} _ {a,b} {a,b} {a,b} {a,c} {a,c} {a,c} {a,c}
NCAZR”, NCAG ) = NCA(qpy, NCAf 5, NCAG, NCASY™, NCAY™, NCAGY, NCAGY”, NCAZ,

{a,c} {a,c} _ {a,c} {a,c} {b,c} {b,c} {b,c} {b,c} {b,c}
NCAg», NCA G = NCAqey, NCAge, NCAY, NCAS®, NCALY, NCAY, NCA®, NCA .

{b,c} {bc} _ {b.c} X X X X X X
NCA NCA{b_C}—NCA{b,C}, NCAS"™, NCAd,, NCA{a}, NCA{b}, NCA{C}, NCA{a,b}, NCA{M},

{acy
NCAfg'C} and NCA% = NCAy are NCA-sets of type (2).
Remark 3.8.
(i) Every family of NC-set of type (1), (2), (3) is a family of NCA-set of type (1), (2).
(if) Every NCA-set of type (1) is NCA-set of type (2).
The following example shows that the converse of the above remark not be true.
Example 3.9. Let X = {a, b, c}, then the set ({a, b}, {c}, {c}) is NCA-set of type (1), (2) but not NC-set of
type (1), (2), (3). The set {{a},{a, c},{a, c}) is NCA-set of type (2) but not NCA-set of type (1).
Remark 3.10. The following diagram shows the relation between family of NC-sets of type (1), (2), (3)
(family of NC-sets) and family of NCA-sets of type (1), (2).

Family of Family of Family of
NC-sets of type (1) NC-sets of type (2) NC-sets of type (3)
\ \
Family of

/ NC-sets
Family of

| NCA-sets of type (2)

A 4

Family of
NCA-sets of type (1)

A

Fig.1. Diagram representing the relation between family of NC-sets and family of NCA-sets

Definition 3.11. Let NCA 4 and NCAg be NCA-sets of type (1),where NCA 4 = {{A, H1, Hy): ANH; =
¢,i =1,2}and NCAg = {{B, K1, K,): BNK; = ¢,i = 1,2}. Then:

(i) NCA4 Sy NCAg iff-A S B.

(ii) NCA4 =1 NCAg iff NCA 4 E, NCAg and NCAz £, NCA 4.

Definition 3.12. Let N CA;fl Y and N CA;?2 > be NCA-sets of type (2), where N CA;?1 t=
{<dql"7_[1'}[2>: ‘Bln}[l = (l),l = 1,2} ﬂnd NCA;;Z = {(042,7(1,7(2): an.‘]cl = ¢,l = 1,2}. Then:

. A Ay .

(1) 1\/6‘14311 EZ NCABZZ l’ﬁ'cﬂl c clqz and BZ c Bl'

(i) NCAy* S5 NCAR? iff Ay S A, and B, S B,
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(iii) NCAZ =; NCAy? iff NCAy" €; NCAy? and NCA3? ©; NCAZ", j = 2,3.
1
Remark 3.13.
(i) NCA, %, NCAg iff A & B.
(i) NCA, #1 NCAg iff NCA, &1 NCAg or NCAg %1 NCA 4.
(iii) NCAZ &, NCAZ? iff Ay & A, or B, & By.
(i) NCAZ" &, NCA%QZZ iffA; & A, or B, & B,
(V) NCAZ! #; NCAZ? iff NCAy" &; NCAy? or NCAy? &) NCAZ", j = 2,3.
Remark 3.14.
(i) IfNCA, =, NCAg and NCAg =, NCAg, then NCA 4 E; NCAe.
(ii) If NCAZ* ©; NCAy? and NCAy? ©; NCA?, then NCA5* €; NCAy?, j = 2,3.
Definition 3.15. Let X be any non-empty set, the neutrosophzc crisp axial points (NCA-points) is
denoted by NCAP and define as follows:

(i) NCAPy = {{p1},{p2}.{p3}), P1 # D2, P1 # p3 where py, Pz, p3 € X.
(ii) NCAP, = ({p}, ¢, {p}).

(iii) NCAP; = (¢, {p}, {p}).

(iv)NCAP, = {{p}, ¢, ¢), {p} is a singleton.

(V) NCAPs = (¢, {p}, ¢), {p} is a singleton.

(

vi)NCAPg = ($, ¢, {p}), {p} is a singleton.
Remark 3.16. NCAPy, are NCA-points but not NCA-sets, k = 1,2, ...,6.

Definition 3.17.

(i) The singular neutrosophic crisp axial point of NCA-set of type (1) NCA 4 is denoted by: SNCAP,; =
(A, Hy,Hy) 3 ANH; = ¢, i = 1,2 and SNCAP, € NCA 4.

(i) The singular neutrosophic crisp axial point of NCA-set of type (2) NCA$' is denoted by: SNCAPg* =
(A, Hy,H,) 3 BNH; = ¢,i = 1,2 and SNCAPZ' € NCAZ.

Definition 3.18. Let X be non-empty set, and let NCA 4 = {{A, H;, Hy): ANH; = ¢p,i = 1,2} be a

NCA-set of type (1). Then:

(i) NCAP, €, NCA, iffp1 € A,p; € Hy,p3 € H,.

(ii) NCAP, €, NCA iffp € A.

(ili)NCAP; €5 NCA 4 iffp & A.

(iv) NCAP, €, NCA iffp € A.

(V) NCAPs €5 NCA 4 iffp € H;.

(Vi) NCAPg €¢ NCA 4 iff p € H,.

Definition 3.19. Let X be a non-empty set, and let NCA% = {{A, Hy, Hy): BNH; = ¢,i = 1,2} be a

NCA-set of type (2). Then:

(i) NCAP; €, NCAZ iffp, € A,p EBorp, € B, p, € Hy,p3 € H;.
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(ii) NCAP, €, NCA% iffp € A, p EBorp & B.

(iii) NCAP; €5 NCA iffp ¢ A,p ¢ B.

(iv)NCAP, €, NCAY iffp € A, p € Borp & B.

(v) NCAPs €5 NCA% iff p € 3.

(Vi)NCAPg €5 NCAL'iff p € H>.

Remark 3.20.

(i) NCAP, &, NCA,iffp, & Aorp, & Hyorps & H,.
(i) NCAP, &, NCA, iffp & A.

(iiiy NCAP; &5 NCA, iffp € A.

(iv) NCAP, ¢, NCA, iffp & A.

(v) NCAPs &5 NCA, iffp ¢ H;.

(vi) NCAPg &¢ NCA, iffp & H.
(vi
(
(
(
(
(

~—"

i
vii) NCAP; &, NCA%Q iffp, € Aorpy, € Borpy € Borp, & Hy or p3 & H,.

viii) NCAP, ¢, NCAS iffp ¢ A orp & Borp € B.

ix) NCAP; ¢; NCAZ iffp € Aorp € B.

x) NCAP, &, NCA%Q iff g€ Aorpg&Borp €B

xi) NCAPs ¢5 NCAY iffp & 3.

xii) NCAPg ¢ NCAZiffp & H.

Definition 3.21. Let NCA 4 and NCAg be two NCA-sets of type (1), the intersection between two NCA-
sets of type (1) as follows: NCA 4T1yNCAg = NCA 403 = {{ANB, H1, H): (ANB)NH; = ¢,i = 1,2}.
Definition 3.22. Let NCA;;Z1 b and NCA;’;Z ? be two NCA-sets of type (2), the intersection between two
NCA-sets of type (2) as follows:

(i) NCAZ'TM;NCAZ? = NCAZA 2 = (A NeAy, 1y, 3y): (B UB)NH; = ¢, = 1,2}

(i) NCAy TzNCAZ? = NCAZ 32 = {(Ay NeAlp, 3, Hy): (ByNBONTH; = i = 1,2},

Definition 3.23. Let NCA 4, and NCAg be two NCA-sets of type (1), the union between two NCA-sets of
type (1) as follows: NCA 411 NCAp = NCA 4y = {{AUB, Hy, H,): (AUB)NH; = ¢,i = 1,2}.
Definition 3.24. Let N CA;';I1 tand N CA;';I2 ? be two NCA-sets of type (2), the union between two NCA-sets
of type (2) as follows:

(i) NCAZ U,NCAy? = NCAg 'y = {(AUA,, 1y, 3,): (ByNB)NH; = ¢,i = 1,2}

(i) NCAg UsNCAy? = NCAZ 5 = (A UA,, 3y, H): (ByUB)NH; = 1 = 1,2},

Remark 3.25. Let N CA;?1 tand N CA;';IZ % be two NCA-sets of type (2), then:

(i) NCA3'M,NCAy? €, NCAy ' TI;NCAy?

(ii) NCA3 ' T3NCAy? S5 NCAZ ' T1,NCAy?

(iii) NCAZ LI3NCA,? €, NCAZ LI, NCAy?
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(iv) NCAZ U, NCA5? S5 NCAZ L;NCAg?.

Definition 3.26.

(i) The NCA-sum between two NCA-sets of type (1), NCA, and NCAg is NCA, D, NCAg =
NCA 4L NCAg.

(if) The NCA-sum between two NCA-sets of type (2), NCA;lll and NCAg;Z is NCA;!;1 D; NCA;;Z =
NCAZ'LI;NCAy?, j = 2,3.

Definition 3.27. Let X’ be a non-empty fixed set and NCA 4 be NCA-set of type (1), the complement of

NCA 4 as follows: (NCA ) = NCA 4c = {{AC, Hy, Hy): ANH; = ¢, i = 1,2}

Definition 3.28. Let X be a non-empty fixed set and NCA$ be NCA-set of type (2), the complement of

NCA% as follows:

(i) (NCA)®: = NCAZS = {(AC, 3y, H,): BENH; = §,i = 1,2}

(i) (NCAZ)Cs = NCAL® = ((AS, 1y, Hy): BNH; = ¢, i = 1,2).

Proposition 3.29. Let NCA 4 be NCA-set of type (1), then:

(i) NCALM1(NCA4)“r = NCAy

(ii) NCA4U;(NCAZ) = NCAy.

Proof.

(i) NCALMy(NCAZ)S = NCA4MNCA 4 = NCA 4 4c = NCAg.

(ii) NCA4U;(NCA ) = NCA4LI{NCA 4c = NCA 4, sc = NCAx. m

Proposition 3.30. Let NCAg be NCA-set of type (2), then:

(i) NCAZM,(NCAZ) 2 = NCAZ

(ii) NCAZM3(NCAZ) 2 = NCA®

¢
(iii) NCA%' LI, (NCAZ) 2 = NCAY
(iv) NCAF s (NCAFH 2 = NCAE.
Proof.

(i) NCAZTI,(NCAF)C = NCAZT,NCAL: = NCAZNE = Nca?.

BUBC

(if) NCALTIS(NCAL) 2 = NCALTISNCAZS = NCAZDAS = Nea®.

BC — BNBC ¢
c c
(i) NCAZ LI, (NCAZ) 2 = NCAFLI,NCAge = NCAZNE = NCAY.

(iv) NCAZ Uz(NCAF) 2 = NCA§U3NCA§CC = NCA;ngéC = NCA¥. w
Proposition 3.31. Let NCA%' be NCA-set of type (2), then:

(i) NCAZT,(NCAF)Cs = NCAZM3(NCAZ)Cs

(ii) NCAZ' L, (NCAZ): = NCAZ LIs(NCAZH)C:

Proof. Let NCAZ be NCA-set of type (2).

(i) NCAZM,(NCA) s = NCAFM,NCAL = NCALN = NcA?.
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And NCAZTI;(NCA$)®: = NCAZTIsNCAF = NCALAS = Nca.

Hence, NCAZ M,(NCA)C: = NCAZ M3 (NCAZH .

(ii) NCAZL,(NCAF) s = NCAFU,NCAL = NCAZYS" = NCAE.

And NCAZLI;(NCA$)® = NCAFLIsNCAL = NCALYS = NCAY .

Hence, NCA# LI,(NCAZ)® = NCAZ L3(NCAZ) . m

Proposition 3.32.

(i) NCA, Sy NCAg iff NCA 4Ty (NCAg) = NCAy.

(if) NCAy* 5 NCAZ? iff NCAy T, (NCAZ2)% = NCAY,.

(iii) NCAy ' E3 NCAZ? iff NCAy T3 (NCAZ2)% = NCAS.

(i) NCAy* E5 NCAZ? iff NCAy T, (NCAZ )% = NCAY,.

Remark 3.33.

i) IfNCA;;ql1 C, NCA;’;;Z, is not necessarily the NCA7°;111|'|3(NCA2"§22)C3 = NCAi.
ii)  IfNCAy TI3(NCAZ2)% = NCAS, is not necessarily the NCA S5 NCAy 2.
iif) IfNCAlfl1 c, NCA;IZZ, is not necessarily the NCA;;?I_IZ(NCAI";ZZZ)C3 = NCAB?.
iv) IfNCA3 TI,(NCAZ?)% = NCAY, is not necessarily the NCAy* E, NCAy?.
V) IfNCAlfl1 c, NCA;IZZ, is not necessarily the NCA;1H3(NCA§122)C3 = NCAi.

vi) IfNCAy TI3(NCAZ?)% = NCAS, is not necessarily the NCA3' S, NCA32.

(
(
(
(
(
( e
(vii) IfNCAy* £ NCAg?, is not necessarily the NCAg ' T1,(NCAZ2)% = NCA%.

(viii) If NCAy T, (NCAZ?)% = NCAY, is not necessarily the NCAz S5 NCAy?.

Proposition 3.34. NCA 41, NCAg = NCAy iff NCA 4 1 (NCAg)“t and NCAg 1 (NCA ).

Proof. Let NCA 4, and NCAg be two NCA-sets of type (1) and NCA 41, NCAg = NCAy.

Since NCA 411, NCAg = NCA 4np, we have NCA 45 = NCAy implies ANB = ¢, then A € B and
B € AC. Therefore, NCA 4 =, NCAzc and NCAz =, NCA jc.

Hence, NCA 4 E; (NCAg)* and NCAg £, (NCA 4)“.

Conversely, let NCA 4 1 (NCA)“* and NCAg =1 (NCA )¢ Since NCA 4 1 (NCA3)“r = NCAzc
implies NCA 4 E; NCAgc, then A € BE.

And NCAg S, (NCA4)¢* = NCA _4c implies NCAg 51 NCA 4c, then B € A°. Thus ANB = ¢.
Hence, NCA 4[1,NCAg = NCA 4np = NCAy. m

Proposition 3.35.

(i) NCAZ'TM;NCAZ? = NCAY iff NCAZ" =, (NCA5?)% and NCAy? =, (NCAZ ).

(i) NCAy T3sNCAZ? = NCAS iff NCA5 5 (NCAZ2)% and NCA? S5 (NCAZ %,

(iii) NCAy ‘T, NCAZ? = NCAY iff NCAZ" =, (NCA5?)% and NCAy? =, (NCAZ )%,
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(iv) NCAy ‘T, NCAZ? = NCAY iff NCA* S5 (NCAZ2)® and NCA,? 5 (NCAZ )

Proof. Let N CA;;Z1 tand N CA;'f2 ? be two NCA-sets of type (2).

(i) Suppose that NCAy*M1,NCA,? = NCAY.

Since NCA3 ' [,NCA,? = NCA5 (", we have NCAy 41" = NCA%, implies A, A, = ¢ and
B,UB, = X (B;“NB,¢ = ¢).

If A;NA, = ¢, then A; € A, and A, € A;¢. And B;UB, = X, we have B, € B, and B, <
B,.Since A; € A, and B,° € B, implies NCA3 " &, NCA;IZZCC = (NCA32)% and since A, € A,
and B, € B, implies NCAy” =, NCA;'?;CC = (NCA31)%. Hence, NCAy' £, (NCA52)% and
NCAy? £, (NCAZHC.

Conversely, let NCAy" £, (NCA32)% and NCAy? £, (NCAZ ).

Since NCAg! £, (NCAZ2)% = NCA;’:;CC, we have NCAy' &, NCA;':ZZCC implies A; € A, and

B,¢ € B,. And NCAy? £, (NCAZ )% = NCA:;CC, we have NCAy? &, NCAilCC implies A, € A;
and B, ¢ € B,. Thus A;NA, = ¢ and B;UB, = X. Therefore NCA;;?I_IZNCA;IZZ = NCA;'?;U%'ZZ =
NCA%. Hence, NCA 'T1,NCA3? = NCAY.
(ii) Suppose that NCA;?I%NCA;ZZ = NCA®.

¢
A1NA,

210 we have NCAg ngp,” = NCAi implies A, (A, = ¢ and

Since NCAy '[3NCAZ2 = NCAy "2,

Bl nBZ = ¢
If A;NA, = ¢, then A; € A, and A, S A;,€. And B;NB, = ¢, we have B; € B, and B, S
Cc
B, €. Since A; S A,° and B; € B,° implies NC‘AZ";ll1 s NCA:ZC = (NCA;;Z)CZ and since A, S
2
. . A A, A A A
A€ and B, € B, implies NCAZ? &3 NCABllc = (NCABll)CZ. Hence, NCAg " &3 (NCABZZ)C2 and
A A
NCAR? E5 (NCAZ ).
Conversely, let NCA;;ql1 s (NCA;’;;)CZ and NCA;’;; C, (NCAZ";lli)CZ.
Cc Cc
Since NCA! C5 (NCA32)% = NCAZ?% , we have NCA3" ©5 NCAZ% implies A; € A, and B, €
2 2
(o) (o}
B,¢. And NCA,? S5 (NCAZ1)® = NCA;;Z:C , we have NCAy? C; NCA;Z:C implies A, € A;€ and
A A A NA
B, € B,¢. Thus A;NA, = ¢ and B;NB, = ¢. Therefore NCA7511I_I3NCABZ2 = NCABanZZ = NCAg.
Hence, N CA; N3N CA;; =N CAg. The proof is clear for others. m
Remark 3.36.
. A A A A A A
(i)  IfNCAy'T;NCAZ? = NCAY, then NCAy* %5 (NCAZ2)% and NCAZ? &5 (NCAZ )%,
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ii) IfNCAy* E3 (NCAZ2)% and NCAy? S5 (NCAZ )%, then NCAZ ' [1,NCAy? # NCAY.
iii) If NCAZ'TsNCAZ? = NCA%, then NCAl"fll 25 (NCA52)% and NCAy? %5 (NCAZ ).
iv) IfNCAy* 5 (NCAZ2)% and NCAy? E5 (NCAZ )%, then NCAy TsNCAy? # NCAS.

vi) IfNCA5' €, (NCAZ2)% and NCAy? S, (NCAZ )%, then NCAy ' T1;NCA,? # NCAS,

(
(
(
(v) IfNCAZMNCAy? = NCAS, then NCA‘"1 2, (NCA52)% and NCAy? &, (NCAZ ).
(
(vii) IfNCA‘”lrl NCA‘”Z = NCA"’ then NCA““ , (NCA‘”Z)CZ and NCA3, 2 g, (NCAY Gz,
(

viii) If NCAz! €, (NCAZ2)% and NCAy? €, (NCAZ)%, then NCAy, 1|‘|3NCA"‘2 + NCA‘g.
Theorem 3.37. If NCA,4M{NCAg = NCAy and NCAPy €, NCA,, then NCAP, &, NCAg, k=
1,2,....6.
Proof. Let NCA,4 and NCAg be two NCA-sets of type (1) and let NCA 41, NCAg = NCAy and
NCAP, € NCA4, k=12,..,6. Since NCA,4M;NCAz=NCAg, then NCA, S, (NCAg)“ and
NCAg £, (NCA )"
NCAP, €1 NCA, implies NCAP; €, (NCAg)‘*. Therefore NCAP, €, NCAz. Hence,
NCAP, &, NCAg, k=1.2,...6.m
Theorem 3.38.
(i) IfNCAZ'M,NCAy? = NCAY and NCAPy € NCAy", then NCAP, & NCAy?, k =12,...,6.
(ii) If NCA5 TIsNCAy? = NCAS and NCAPy, €, NCA3?, then NCAP, &, NCA3?, k =12,...,6.
Proof. Let N CA;I tand N CA"q2 be two NCA-sets of type (2).
(i) Let NCAy 'M,NCAZ? = NCAY and NCAP, €, NCAZ', k = 1,2,....6.
. A A
Since NCABlll'IzNCABZZ = NCA2, then NCABf c, (NCABZZ)CZ and NCABZZ =, (NCAZ ).
NCAP; €; NCAy", implies NCAP; €, (NCA;‘;Z)CZ. Therefore, NCAP; &; NCA3”.
Hence, NCAP,, & NCAy2, k =12, ....6.
(ii) Let NCAZ ' [sNCA,? = NCA and NCAPy, € NCAy', k = 1,2, ....6.
Since NCA; ' [sNCA,? = NCA%, then NCA,* £5 (NCA,?)% and NCA‘AZ =y (NCAZ ).
NCAP, €, NCAB !, implies NCAP; €, (NCABZZ)CZ. Therefore, NCAP; €, NCABz

Hence, NCAP, & NCAg?, k=12,...6.m

Theorem 3.39. Let NCA 4 and NCAg be two NCA-sets of type (1), then:

(i) (NCA4M{NCAg) = (NCA ) 1L (NCAg)“:

(ii) (NCA4L;NCAR)Ct = (NCA )M (NCAg)C.

Proof. Let NCA 4 and NCAg be two NCA-sets of type (1).

(i) Since NCA4MyNCAg = NCA 405 = {((ANB, Hy1, Hy): (ANB)NH; = ¢,i = 1,2}.
(NCA4MyNCAR)“t = (NCA4ng)® = NCA(4npc = NCA 4o yzc.
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And (NCA )1l (NCAp)“r = NCA 4cUU1NCAgzc = NCA yc g

Thus, (NCA ;M NCAg)¢t = (NCA;)¢Ll; (NCAg) .

(ii) Since NCA 41 NCAg = NCA 445 = {(AUB, Hy1, H,): (AUB)NH; = ¢,i = 1,2}.
(NCA4UINCAR)“r = (NCA qyp)“* = NCA_4pyc = NCA 4cngpe.

And (NCA )My (NCAp)t = NCA 4cMNCAgzc = NCA jcppe.

Hence, (NCA 4L1;NCAg)t = (NCA ;)1 (NCA5)¢:. m

Theorem 3.40. Let N CA?; tand N CA;[; % be two NCA-sets of type (2), then:

(i) (NCAZ'M,NCAZ?)% = (NCAZ ) LI, (NCAy2)C

(ii) (NCAZ U NCAZ?)% = (NCAZ )M, (NCAZ)C

(iii) (NCA MsNCAZ2)% = (NCAZ ) 2 Lis (NCAZ )

(iv) (NCAZ LU3sNCAZ?)% = (NCAZ )2 M5 (NCAZ2) .

Proof. Let N CA;;I1 ' and N CA;';I2 > be two NCA-sets of type (2), where N CAZ,‘?ql1 =
{(AL, 31, H,): BiNH; = ¢,i = 1,2} and NCAZ‘sz = {(Ay, K1, K): BoNK; = ¢,i = 1,2}

i . A A A1NA
(i) Since NCAi;ll[—lZNCAﬂz2 = NCA311UBZZ'

Aq A2NCy A1NAzNC, _ (cﬂ1ncﬂ2)c — CH1CU<A2C
(NCAQQ1 I'IZNCABZ) 2 = (NCA31U732 )2 = NCA(31UBZ)C = NCABlanZC .

A CUALE

c Cc
And (NCAy )G, (NCAZ2)® = NCA;fllc LIZNCA;;ZZZC = NCAS'c %

Hence, (NCA3 T, NCA32) % = (NCAZ )L, (NCAZ?) .

. A A AUA
(ii) Since NCAz 'LI;NCA? = NCAp 'np *.

Aq AaNCy — A1UAzNC, _ (cﬂ1Ucﬂ2)C — cfl1cncf‘lzc
(NCAR'LpNCAR, )™ = (NCAp np,")™ = NCA G g 0 = NCAp g ¢ -

Anye A2Cy = NCAPLS A6 _ e A CNALC

And (NCABll) 2HZ(NCA322) 2 = NCABllc HZNCAB;C — NCAB;CUBZ?: ‘
Thus, (NCA;I;LIZN CA;IZZ)CZ = (N CA;;lll)CZ My (N CA;; 2)¢2, The proof is clear for others. m
Remark 3.41. Let N CA;I1 tand N CA;';I2 ? be two NCA-sets of type (2), then:
(i) (NCAZ*MoNCAZ)% £, (NCAZH)CLI,(NCAZ?)C:

(i) (NCAZ)SM,(NCAZ?)% £, (NCAZ L, NCAZ?)

(iif) (NCAZ ) 53U (NCAZ ) £, (NCAy TNCAR )G

(iv) (NCA;lL|3NCAZC§122)C3 c, (NCAZ?:)Q |_|3(NCA;{22)C3,

Remark 3.42. Let N CA; tand N CA;';IZ % be two NCA-sets of type (2), then:
(i) (NCAZ)CsLI,(NCAZ2)S S5 (NCAy [1,NCAZ2)

(ii) (NCA3 LI, NCAZ?)% S5 (NCAZ )55 [1,(NCAZ2)s
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(iii) (NCA3 s NCAZ?)% E5 (NCAZ) L3 (NCAZ?)

(iv) (NCAZ.) 5313 (NCAZ2)% E5 (NCAZ L3NCAZ2)C.

Lemma 3.43. Let N CA?; Yand N CA;; ? be two NCA-sets of type (2), then:
(i) (NCAZM,NCAZ?)% = (NCAZ)CsLI3(NCAZ2)%s

(ii) (NCAZ*U,NCAZ?)% = (NCAZ™) 35 (NCAG )

(iii) (NCA MsNCAZ2)% = (NCAZ )55 LI, (NCAZ )%

(iv) (NCAZ UsNCAZ2)% = (NCAZ) T, (NCA )

Proof. Let N CAl";l1 tand N CA;'f2 ? be two NCA-sets of type (2).

(i) Since NCAy'T,NCAy? = NCAy .

(NCATNCALEYS = (NCAZAE = NCASHR" = NCags oo
And (NCAZ)® LIy (NCAZ2) = NCAZY LsNCAR = NCAZ 37"
Hence, (NCA;;‘ll1 I'IZNCA;;Z)CS — (NCAgl)CSU3(NCA;2)C3,

(i) Since NCAy'L,NCAy? = NCAy 152,

‘BlﬂB2
A A A UA A UAZ)C A1 NAC
(NCAZ U, NCAZ?)® = (NCAZo5)% = NCAS A0 " = Neag 07

c Cc C C
And (NCAy)%T15(NCA52)% = NCAZ* TsNCAL? = NCAZ (0

Thus, (NCAl";lllLIZNCAI";IZZ)C3 = (NCA;l)QI_Ig(NCA;ZZZ)C% The proof is clear for others. m
Remark 3.44. Let NCA 4 and NCAg be two NCA-sets of type (1), then:
(i) (NCA,)S“ = NCA,

(i) (NCA$)“r = NCAy

(iil) (NCAx)“* = NCAy

(iv)If NCA4 =, NCAg, then (NCA)©t &, (NCA )

Remark 3.45.

) (NCAD)® = NCAY

i) (NCAD)® =NcAY

iii) (NCAS)®2 = NCAF

iv)  (NCA¥)® = NCAY,

vi)  (NCA%)® = NCAY

(
(
(
(
(v)  (NCA%)C: = NCA¥
(
(vii) (NCADS = NcAj
(

viii) (NCA¥)C = NCAZ.
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Proposition 3.46. Let N CA;I1 tand N CA;[; % be two NCA-sets of type (2), then:
Q) (NCAgl)Cfcf = NCAZ™,j = 2,3

(ii) If NCAZ™ =, NCAy?, then (NCA3?)% S, (NCAZ™)C

(ifi) [f NCAg? =5 NCAZ?, then (NCAZ?) 2 £ (NCAg)C2

(i) IFNCAZ? ©, NCAZ?, then (NCAZ?)% E5 (NCAZH)C

(v) If NCAZ E3 NCAZ?, then (NCA3*)% £, (NCAZ )%,

Proof. The proof is clear for others. m

4. Algebraic Properties of Neutrosophic Crisp Axial Sets
Proposition 4.1. Let NCA 4 be NCA-set of type (1), then:
(i)  NCALM,NCAy = NCA,
(i) NCA4U;NCAs = NCA,
(iii) NCA4MNCAy = NCA4
(iv) NCA4UNCAy = NCAy
Proof. The proof is clear for others. m
Remark 4.2. Let NCAZ be NCA-set of type (2), then:
i)  NCcAfM,NCAS = Ncal
ii) NCA#U,NCAS = NcAg
iii)y NCAZM,NCAY = NCAZ
iv) NCA#U,NCA} = NCAy

~

v)  NCAZM;NCA® = NcA®

~—

¢ ¢
vi) NCAZU;NCAS = NCAF

vii) NCAZTI;NCA% = NCAF

viii) NCAZLsNCA% = NCA%

Theorem 4.3. Let NCA 4, NCAg and NCA: be NCA-sets of type (1), then:

(i) NCA4MNCA4 = NCA4

( NCA4UyNCA 4 = NCA4

(iii) NCA4M{NCAg = NCAg[1{NCA 4 and NCA 4L1; NCAgz = NCAgll;NCA 4
(iv) NCA4MiNCAg E1 NCA 4 and NCA 41 NCAg E1 NCAg

(v) NCA4E; NCA4UNCAg and NCAg E1 NCA 41, NCAg
(
(
(

(
(
(
(
(
(
(
(

11

~

S

i) (NCA4M{NCAg)[1{NCAes = NCA 4 (NCAg[{NCA¢)

vii) (NCA4U;NCA5)UNCA: = NCA 41, (NCALI;NCA¢)

viii) (NCA,4U;NCAp)[N;NCAe = (NCA4T1{NCAe)U;(NCARMN;NCAe)
Proof. (i), (ii) are clear.
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NCA 4U;NCAg = NCA 4y = NCAgy4 = NCAglU;NCA 4. The proof is clear for others. m
Theorem 4.4. Let N CAi YN CA;[; >and N CA;[; ’ be NCA-sets of type (2), then:

i)  NCAZ'I;NCAy' = NCAZ',j = 2,3
NCAZ'L;NCAZ" = NCA3*,j = 2,3
NCA3'T;NCAZ? = NCAZ*T;NCA5",j = 2,3
NCAZ'LI;NCAZ? = NCAZ?LI;NCAG",j = 2,3

1 2

1

Proof. (i), (ii) are clear.

A A A A A A
NCAZ'M;NCAR? E; NCAZ ' and NCA3 'TIiNCAR? &; NCAR*
NCAy* €5 NCAy ' LI;NCAy* and NCA,? ©; NCAy LI;NCA,*

J =23
J =23
(NCAZ T NCAZDNCAZ: = NCAZ M, (NCAZZT;NCAZ), j = 2,3
(NCAy*LI;NCAZ?)LI;NCAZ® = NCAZ L (NCAZ2LI;NCAR?),j = 2,3
(NCAZ U NCAFDNCAZ = (NCAZ2 T NCAZ)U;(NCAZ2TNCAZ), j = 2,3

(iii) NCA T, NCAZ? = NCA 312 = NCAZ 2" = NCAR?M,NCA, .
NCAZTIsNCAZ? = NCAZ 52 = NCAZ 2 = NCALT;NCA, .
(iv) NCAy LI, NCAZ? = NCAy 02 = NCAZ 2" = NCAZ? L, NCA, .
NCAZ UsNCAy? = NCAZ 552 = NCAy25a = NCAy 2 LI;NCAy.

The proof is clear for others. m
Remark 4.5.

(i) NCAZ'TI,NCAZ? &5 NCAy* and NCAy T, NCAy? %3 NCA 2.
(i) NCAZ'TI;NCAZ? &, NCAy* and NCAy ' TI;NCA,? &, NCA .
(iii) NCAZ" &5 NCA5 ' LI,NCA," and NCAy? %3 NCAy LI, NCA,.
(iv) NCAZ! &, NCAy LI;NCAy" and NCAy? %, NCAy ' LI;NCAy.

Example 4.6. Let X = {a,b,c} and N cA and NCA™®! be two NCA-sets of type (2).

{p}

: : {a} {p} _ {a}n{p} _ ¢
(i) Since NCAu,MaNCAy = NCApy 50 = NCAG,
=

NCA{IN,NCA) &5 NCAY) and NCAYIM,NCAD &,
(ii) Since NCA{I;NCAY] = NCAIINYY = NCAS. Then
NCAGITNCAL] &, NCAY) and NCAlIN;NCAL) 2,
(iii) Since NCA{y LI, NCAL) = NCA[ 1Y = NCAL™ Then
2, NCA[ILI,NCA[) and NCAY)

{c}
Then

()
NCA,

()
NCA,.

¢z, NCAWL,NCA®),

()
NCA ) ()

{b}
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NG {a} {p} _ {a}U{p} _ {a,b}
(iv)Since NCAy; LIsNCAy = NCAg, iy = NCAy) 5. Then

{a} {a} {b} {b} {a} {b}
NCA{) &, NCA{I;NCAL) and NCATY) %, NCA{ LI;NCAL).
Definition 4.7. Let NCA 4 and NCAg be two NCA-sets of type (1), then:

(I) NCAdq_lNCAB = NCAUQ I_ll(NCAB)Cl

(ii) NCA4A;NCAg = (NCA 4, (NCA5)“1)Ll; (NCAgM, (NCA 4) ).
Definition 4.8. Let N CA;;l1 tand N CA;'f2 % be two NCA-sets of type (2), then:
(i) NCAy'—;NCAZ? = NCAZ'T1;(NCAZ2)%,j = 2,3

. A A A ANC; A AINCHN
(ii) NCAZ ANCAZ? = (NCAy T1;(NCAZ2) )L (NCAy 2T, (NCAZ ), j = 2,3.
Proposition 4.9. Let NCA 45, NCAg and NCAe be NCA-sets of type (1), then:
(i) NCA4A;NCA, = NCAg

(ii) NCA4A;NCAy = NCA4

(iii) NCA4A;NCAg = NCAg iff NCA 4 =1 NCAg

(iv)NCA 40, NCAg = NCAgA,NCA,,

(v) NCA4A,(NCAzANCA) = (NCA 40, NCAg)ANCA.
(Vi)NCA 4, (NCAzANCAe) = (NCA 4T, NCAR)A; (NCA 4T, NCA.).
Proof. The proof is clear for others. m

Theorem 4.10. Let N CA;’;I1 N CA;’:Z >and N CA;;Z ° be NCA-sets of type (2), then:
i) NCA3'A,NCAZ' = NCAY and NCAy ' A;NCAZ* = NCAY)

if) NCA ' A,NCAY = NCA3" and NCAy ' A;NCAS = NCA?

iii) NCAy A, NCA? = NCAY iff NCAZ* =, NCAy?

(
(
(
(iv) NCAZ  A;NCA,? = NCAY iff NCAZ" =5 NCA3?
(V) NCAZ'A;NCAZ? = NCAZ?ANCAZ*,j = 2,3
(Vi) NCAZ A (NCAZ? ANCAG?) = (NCAZI AINCAZ? )ANCALY, j = 2,3

(vid) NCA5 11 (NCAZ2 ANCAG®) = (NCA T;NCAL? A (NCAZ T NCALS ) = 2,3

Proof. The proof is clear for others. m

5. Neutrosophic Crisp Axial Topological Spaces
Definition 5.1. Let X be a fixed set that is not empty, a neutrosophic crisp axial topological space of type
(1) (in short, NCAT-space of type (1)) is a family a4 satisfies the following conditions:
(i) NCAy NCAx € Tycy.
(ii) IfF NCA 4, NCAg € T4, then NCA4MyNCAg € Thcy.
(iii) Let NCA 4, € Tyca, VA € A, then Uy, ,NCA4, € Tyca.
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Then (X,txca) is a NCAT-space of type (1). The elements in Tac, are called neutrosophic crisp axial
open sets of type (1) and it is denoted by (NCAO-sets of type (1)), the complement of type 1 for (NCAO-
sets of type (1)) are neutrosophic crisp axial closed sets of type (1) and it is denoted by (NCAC-sets of type
(1)).

Example 5.2. Let X = {a,b,c}, then Thc, = (NCAp NCAx, NCAay, NCApy, NCA(opy} is a NCAT-
space of type (1).

Definition 5.3. Let X be a fixed set that is not empty, a neutrosophic crisp axial topological space of type
(2) (in short, NCAT-space of type (2)) is a family T4, satisfies the following conditions:

(i) NCA%L NCA} €thca.

A A

(ii) If NCAZ?, NCAZ? € Tf o, then NCAZ 'T,NCAZ? € They.

2
(iti) Let NCAZ ™ € Tfc4, YA € A, then Uy, ,NCAZ* € They.

Then (X,Téca) is a NCAT-space of type (2). The elements in t4¢4 are called neutrosophic crisp axial
open sets of type (2) and it is denoted by (NCAO-sets of type (2)), the complement of type 2 for (NCAO-
sets of type (2)) are neutrosophic crisp axial closed sets of type (2) and it is denoted by (NCAC-sets of type
(2)).

Definition 5.4. Let X be a fixed set that is not empty, a neutrosophic crisp axial topological space of type
(3) (in short, NCAT-space of type (3)) is a family Ty, satisfies the following conditions:

(i) NCAS, NCAF € tica.

(ii) If NCA5, NCAZ? € Tfica, then NCAZ T3NCAG? € They.

2
(iti) Let NCAZ ™ € Tica, YA € A, then Uy, ,NCAZ* € Thc,.

Then (X, Taca) is a NCAT-space of type (3). The elements in Ty, are called neutrosophic crisp axial
open sets of type (2) and it is denoted by (NCAO-sets of type (2)), the complement of type 2 for (NCAO-
sets of type (2)) are neutrosophic crisp axial closed sets of type (2) and it is denoted by (NCAC-sets of type
(2)).

Example 5.5. Let X = {a, b, c}, then

t2ca = (NCAY, NCAY, NCAl], NCAL), NCAS™” NCAY, 1} is a NCAT-space of type (2) and e, =

{NCAS, NcA¥, NCALE, NCAD, NCAS ™Y is a NCAT-space of type (3).

Remark 5.6.

(i) The intersection of two NCAT-spaces of type (1) is a NCAT-space of type (1).

(if) The intersection of two NCAT-spaces of type (2) is a NCAT-space of type (2).

(iii) The intersection of two NCAT-spaces of type (3) is a NCAT-space of type (3)

Remark 5.7.

(i) The union of two NCAT-spaces of type (1) does not necessarily have to be NCAT-space of type (1).
(if) The union of two NCAT-spaces of type (2) does not necessarily have to be NCAT-space of type (2).
(iii) The union of two NCAT-spaces of type (3) does not necessarily have to be NCAT-space of type (3).
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Example 5.8. Let X = {a, b, c}.

Consider two NCAT-spaces of type (1) Tiyca and T3y ca defined as follows:

Tinca = {NCAg, NCAx, NCA(qy} and T3ycq = {NCAg, NCAx, NCAgy}. Then
TincalTinca = {NCAy, NCAx, NCA(qy, NCAg,y} which is not a NCAT-space of type (1).
Example 5.9. Let X = {a, b, c}.

Consider two NCAT-spaces of type (2) Téyca and t2yca defined as follows:

t2yca = (NCAL,NCAY, NCAYYY and  12ycs = (NCAY, NCAZ,NCAYY.  Then  tlycaltdyca =

(NCA®, NCaZ, NCAgl}, NCAg’}} which is not a NCAT-space of type (2).
Example 5.10. Let X = {a, b, c}.

Consider two NCAT-spaces of type (3) Tinca and Tayca defined as follows:

tivca = (NCAG, NCAY,NCAYYY and  t3yca = (NCAS,NCAF,NCASY).  Then  t3ycalltdnca =
{NCA¢, NCA%, NCAgj}, NCAE;}} which is not a NCAT-space of type (3).

The first idea: is to divide the message into words, where each word represents a set. The
family formed from these sets is then examined to determine whether it constitutes a sub-base,
a base, or a topology after adding both the empty set (¢) and the universal set (X).

In parallel, the message is encrypted, then segmented in the same manner as the clear
(unencrypted) message, and a topology is constructed from it as done for the clear message.
Consequently, we obtain a topology for the clear message and a topology for the encrypted
message, and the topological properties between them are studied.

In general, the family composed of the clear and encrypted messages initially forms a sub-base;
after adding all intersections, it becomes a base, and after including all unions, it turns into a
topology. Here, X' denotes the set of letters of that message.

Example 5.11. Ali is a good man.

Let X = {Ali is,a good, man} = {1,2,3}.

The plain message:

The ¢,{Ali is},{a good}, {man},{Ali is,a good}, {Ali is, man}, {a good, man}, X are subsets of X.
Then tyyca = {NCAgy, NCAx, NCAuy; isy, NCAgq gooay NCApmany, NCAgaii isa gooa)s

NCAa1; is;many NCAga good,many} is @ NCAT-space of type (1).

t}ca = (NCAG, NCAY, NCAYY ™, NCAL 9008, NCAS ™™, Nealt e 9000,

NCAE;” ts;man} NCA% good:manhy js y NCAT-space of type (2).

Thea = (NCAD, NCAE, NCAG ™ NCAL 990U, NeAL ™, Neal 54 9000,

NCAE;” isman}, NCA% good:manhy js y NCAT-space of type (3).
The encrypted message:
The ¢,{1},{2},{3},{1,2},{1,3},{2,3}, X are subsets of X.



18 Int. J. Anal. Appl. (2026), 24:159

Then TI%ICA = {NCA¢, NCAx, NCA{l}, NCA{Z}, NCA{3}, NCA{I,Z}I NCA{1I3}, NCA{2,3}} isa NCAT—SPEIC@ Of
type (1).
tdca = (NCAG, NCAY, NCAY NCAD NCA) NeAY ™, Neal ™, Neal™y is a NCAT-space of type

¢ NCAg NCAg ", VLA ¢
().

1 2 3 1,2 1,3 2,3 .
Thca = (NCAS, NCAF, NCAL NCAD NCAS  NeaL?, Neal™ NeAG™y is a NCAT-space of type
(3).

The second idea: is to transform the message into a topological structure within a neutrosophic
crisp axial space. First, the number of characters in the message is calculated and then divided
by three. If the result is a natural number, the message is partitioned from left to right into
groups of three characters, forming neutrosophic crisp axial sets. These sets constitute a sub-
base. By adding the neutrosophic crisp axial intersections, the structure becomes a base; and by
further adding neutrosophic crisp axial unions, it evolves into a topology.

Using the same procedure, the message characters are encrypted using the RSA algorithm, and
then partitioned again into neutrosophic crisp axial sets, forming another sub-base, from which
we derive the topology of the encrypted message.

At this stage, we obtain both a neutrosophic crisp axial topology for the encrypted message and
another for the plain message. The topological properties of these two spaces can then be
studied and compared.

Example 5.12. Ahmed is a good man.

So that A= 00,H = 07,M = 12,E = 04,D = 03,1 = 08,5S = 18,G = 06,0 = 14,N = 13.

The plain message:

Let X ={a,h,m,e,d,i,s,a,g,0,0,d,m,a,n}

= {00,07,12,04,03,08,18,00,06,14,14,03,12,00,13},

such that M; = {00,07,12,04,03}, M, = {08,18,00,06,14}, M3 = {14,03,12,00,13}.

We find the intersections: M, = {00}, M5 = {00,03,12}, Ms = {00,14}.

We find the unions: M, = {00,07,12,04,03,08,18,06,14}, My = {00,07,12,04,03,14,13},

My = {08,18,00,06,14,03,12,13}, My, = {00,07,12,04,03,14},

M, = {08,18,00,06,14,03,12}, M, = {00,03,12,14}.

Then thes = (NCAp, NCAx, NCApg,, NCAxg,, NCAsg,, NCAsg,, NCAyg,, NCApg,,

NCAjy,, NCAyg,, NCAyg,, NCAypg, ,, NCAyg,,, NCAyy,, } is a NCAT-space of type (1).

t2ca = (NCAS, NCAY, NCAG™ NCAY?, NCAY®, NCAY*, NCAG®, NCAY®, NCA,",

NCAg[B, NCAg[‘), NCA;’F“), NCAZ‘J“, NCAg[“} is a NCAT-space of type (2).

Tica = (NCAS, NCAF, NCAY NCA?, NCA®, NCAY*, NCA®, NCAY®, NCA,

NCAg[B, NCAg[‘), NCA;’F“), NCAZ‘J“, NCAg[“} is a NCAT-space of type (3).

The encrypted message using the RSA algorithm:
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Let X = {00,63,38,23,61,08,44,00,41,14,14,61,38,00,13}, such that

¥, ={00,63,38,23,61}, KX, = {08,44,00,41,14}, K3 = {14,61,38,00,13}.

We find the intersections: 3, = {00}, X5 = {00,61,38}, K, = {00,14}.

We find the unions: X, = {00,63,38,23,61,08,44,41,14}, Kg = {00,63,38,23,61,14,13},
Ky = {08,44,00,41,14,61,38,13}, K, = {00,63,38,23,61,14},

¥, = {08,44,00,41,14,38,61}, K;, = {00,61,38,14}.

Then thyca = {NCAgy, NCAy, NCAg,, NCAg,, NCAg,, NCAg,, NCAy,, NCAy,

NCAyg,, NCAy,, NCAg,, NCAy, ,, NCAg,,,NCAyg,,} is a NCAT-space of type (1).

t}ca = (NCA%, NCAY, NCAY!, NCAY?, NCAY®, NCAY*, NCAY®, NCAY®, NCA',

e X x x Kz ;
NCA®, NCA®, NCA,™, NCA,™, NCA, ™} is a NCAT-space of type (2).
Thca = (NCAY, NCAY, NCAY', NCAY?, NCAY®, NCAY*, NCAY®, NCAy*, NCA,,
NCA;ff*, NCAff, NCA;flO, NCAf;fH, NCAf;f“} is a NCAT-space of type (3).
6. Conclusion

In this paper we studied new concepts of neutrosophic crisp sets (NC-sets), specifically
neutrosophic crisp axial sets (NCA-sets) of type (1) and (2). Along with looking at a number of
basic and algebraic characteristics and providing examples. Additionally, a comparison
between neutrosophic crisp axial sets of type (1) and (2). Finally, we presented the concept of
the topology and some of the ideas entrusted to it, laying the groundwork for future in-depth

studies of these spaces.
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