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Abstract

In this paper, we extend concept of neutrosophic crisp sets into supra neutrosophic crisp
sets and supra neutrosophic crisp limit points and we study the separation axioms in supra

neutrosophic crisp topological spaces and some of their properties are investigated.
Introduction

Smarandache [6, 7, 8] introduced the notions of neutrosophic theory and
introduced the neutrosophic components (T, I, F) which represent the

membership, indeterminacy, and non membership values respectively, where
]_0, 1+[ is a non standard unit interval. The supra topological spaces had

been introduced by A. S. Mashhour at [3] in 1983. So the supra open sets are
defined where the supra topological spaces are presented. B. K. Mahmoud [5]
introduced on supra-separation axioms for supra topological spaces. A. A.
Salama and S. A. Alblowi [2] introduced the concepts of neutrosophic crisp set
and neutrosophic crisp topological spaces and Ahmed B. Al-Nafee, Riad K. Al-
Hamido, Florentin Smarandache [4] introduced separation axioms in

neutrosophic crisp topological spaces.

Finally, we introduce the definitions of supra neutrosophic crisp

topological spaces, we used these points [NoPy] to define the concept of
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1116 V. AMARENDRA BABU and J. ASWINI
supra neutrosophic crisp limit point [SNoPy] with some of its properties
and separation axioms in supra neutrosophic crisp topological spaces.

1. Preliminaries and Basic Definitions

Definition 1.1[3]. The spaces considered in this paper are supra
topological spaces. (X, 1) is said to be a supra topological space if it is

satisfying these conditions:
1., X e
2. The union of any number of sets in t belongs to t

Each element A e t is called a supra open set in (X, t), and AC s

called a supra closed set in (X, 1)[3]

The supra closure of a set A is denoted by supra cl(A)={B: B is a
supra closed and A c B}.

The supra interior of a set A is denoted by supra int (A) = U{B: B is a
supra open and A o B}[3]

Definition 1.2[1]. Let X be a non empty fixed set. A neutrosophic crisp
set [NcS]B is an object having the form B = (B;, By, Bs) where B;, B,

and By are subsets of X.
Definition 1.3[1]. The object having the form B = (B;, By, B3) is called:
1. A neutrosophic crisp set of type 1 if satisfying
BN By =¢, By N By =¢ and By N By = ¢.
2. A neutrosophic crisp set of type 2 if satisfying
BiNBy =¢, BN By =¢ and By By = ¢, B; UBy UBg = X.
3. A neutrosophic crisp set of type 3 if satisfying
BiNBy;NBg =¢ and B; UBy UB; =X.

Definition 1.4[1]. Types of NoSsépnc and Xpye in X as follows:
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1. ¢ yc may be defined in many ways as a NS as follows:
Type 1: ¢nc = ($: ¢, X)
Type 2: ¢nc = (§ X, X)
Type 3: ¢nc = (¢ X, ¢)
Type 4: ¢nc = (¢: ¢, §)
2. X nc may be defined in many ways as a NS as follows:
Type 1: Xy = (X, ¢, ¢)
Type 2: Xy = (X, X, ¢)
Type 3: Xnc = (X, ¢, X)
Type 4: Xno = (X, X, X).

Definition 1.5[1]. Let X be a non empty set and the NoSs M and N in
the form M = (M, My, M3), N = (N7, Ny, N3) then we may consider two

possible definitions for subsets M < N, may be defined in two ways:
1.MgN@MlgNl,M2gNzandN3gM3
2. MQNQM]_ gNl,N2gM2 and ngM3.

Definition 1.6[1]. Let X be a non empty set and the NpSs M and N in
the form M = <M1, Mz, M3>, N = <N1, N2, N3>

1. M N N may be defined in two ways as a NoN as follows:
MNON =[M; NN], [My UNs] and [M3 U N3]
MNON =[M; NN], [My N Ng] and [M3 U N3]
2. M U N may be defined in two ways as a NS as follows:
MUN =[M; UN;], [My UNs] and [M3 N N3]

MUN =[M; UN;], [My N Ng] and [M3 N N3]
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2. Supra Neutrosophic Crisp Topological Spaces

In this section, we will introduce the supra neutrosophic crisp topological

spaces [SNT,] and SN interior and SN closure and discuss their basic

properties.
Definition 2.1. A supra neutrosophic crisp topology [SNT] on a

nonempty set X is a family t" of supra neutrosophic crisp subsets in X

satisfying the following axioms
1. (I)Nc, XNC S ‘E“
2.UA; e t”V{AJ- cjedlct

The pair (X, t*) is said to be a supra neutrosophic crisp topological space

[SNcT,] in X. Moreover, the elements in t" are said to be supra

neutrosophic crisp open sets [SN-O,]. A supra neutrosophic crisp set E is

closed [SNqC,] if and only if its complement E® is an open supra

neutrosophic crisp set.

Example 2.2. Let X={a,b},™ ={0nc,Xnc,A4, B}, A=(},{a}, o),
B =({b}, ¢, a})

. (X, %) is a supra neutrosophic crisp topological space.

Definition 2.3. Let X be a non empty set, and the SNSs A be in the

form A = (A;, Ay, Ag). Then A® may be defined in three ways as an
SN¢S

1. AC = (AF, AS, AS) or
2. AY = (A4, Ay, A}) or
3. AY = (A5, AS, A).

Definition 2.4. Let (X, t") be a SNoT and A = (A, Ay, A3) be a
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SNcS on X. Then the supra neutrosophic crisp closure of A[SN inf (A)]
and supra neutrosophic crisp interior of A[SNcl(A)] are defined by

1. SN¢ inf (A U{G : G < A and G is a SN¢-open set in X}.

2. SN¢ecl(A) =N{F : A c F and Fisa SN(-closed set in X}.
Remark 2.5. For any supra neutrosophic crisp set A in X, we have
1. SN¢cl(A) o A.

2. Ais a SN closed set in Xiff SN int (A) = A.

Proposition 2.6. Let (X, ) be any SNT5.

1. SN¢ int (Xy) = Xy

2. SNeclint (dn) = o -

Proof. Obvious.

Proposition 2.7. Let (X, ") be any SNcT,. If A and B are any two

SN¢ sets in (X, t*). Then the SN int (A) operator satisfies the following

properties:

—

. SNC int (A) c A.

2. A c B= SN¢int(A) c SN int (B).

w

. SNC int (A m B) - SNC int (A) ﬂ SNC int (B)

. (SN¢cl(A)¢ = SNeint (A)C.

S

. (SN¢ int (A)° = SNccl(A)C.

(o)

Proof.
1. SNo int (A) = U{G : G isa SN¢-open setin Xand G < A}.

Thus, SN int (4) c A.

2. SNeint(B)=U{G:G is a SNg-open set in X and
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G c B} 2U{G:G isa SN(¢-open setin Xand G < A} o SN int (A).
Thus, SN int (A) < SN int (B).

3. SNcint(ANB)=U{G:G is a SNg-open set in X and
ANB2G}=(U{G:G isa SNg-open setin Xand A o G}NU{G: G is
a SN¢-open setin Xand B o G} = SN¢ int | SN int (B).

Thus, SN¢ int (A N B) = SN¢ int (A) N SN int (B).

4. SNccl(A)=N{G:G is a SNc-closed set in X and
A c G}, (SNCcZ(A))C =U{GY:G% is a SNg-open set in X and
A® 5 GC} = SN int (4)°.

Thus, (SN¢cl(A)C = SN int (A)C.

5. SNoint(A)=U{G:G is a SNc-open set in X and
A G}, (SNgint(A)° =N{G:G is a SNc-closed set in X and
AC 5 G = SNecl(A)C.

Thus, (SN int (A))° = SNecl(A)C.

Proposition 2.8. Let (X, ") be any SNT;. If A and B are any two SNc
setsin (X, t*). Then the SNcl(A) operator satisfies the following properties:

1. A c SN¢cl(A).

2. A ¢ B = SNcl(A) = SNcl(B).

3. Supra Neutrosophic Crisp Limit Point

In this section, we will introduce the supra neutrosophic crisp limit points
with some properties. This work contains an adjustment for the above-
mentioned definitions 1.5 and 1.6, this was necessary to homogeneous
suitable results for the upgrade of this research.
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Definition 3.1. Let X be a nonempty set and the SN-Ss M and N in the
form M = (M, My, M3), N = (Ny, Ny, N3) then the additional new ways

for the intersection, union and inclusion between M and N are
MON = [M; N N1, [My 1 Ny, and [M; N Ny
MUN =[M; UN;], [My UN;] and [M3 U N3]
Mc N < M; ¢ Ni, My ¢ Ny and M5 < N3.
Definition 3.2. For all a, b, ¢ belongs to a non empty set X. Then the

supra neutrosophic crisp points related to a, b, ¢ are defined as follows:

° an, = ({a}, ¢, ¢), 1is called a supra neutrosophic crisp point

(SNcle ) in X.

* by, =(¢, {0}, ), is called a supra neutrosophic crisp point

(SNCPNZ ) in X.

* cny = (0, ¢, {c}), 1is called a supra neutrosophic crisp point

(SN0PN3 ) in X

The set of all supra neutrosophic crisp points (SNCPNl,SNCPNZ,
SN¢Py,) is denoted by SN¢Py .

Definition 3.3. Let X be a non empty set and a, b, c € X. Then the
supra neutrosophic crisp point:

° an, is belonging to the supra neutrosophic crisp set
B = (B, By, Bs), denoted by ay, € B, if a € B;, wherein ay, does not

belongs to the supra neutrosophic crisp set B denoted by a N, £ B, if a ¢ B;.

° bN2 1s belonging to the supra neutrosophic crisp set
B = (B, By, Bg), denoted by by, € B, if b € By. In contrast by, does not

belongs to the supra neutrosophic crisp set B, denoted by bN2 ¢ B, if b ¢ By,
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e ¢Cpn, is Dbelonging to the supra neutrosophic crisp set
B = (B, By, Bg), denoted by cy, € B, if ¢ € Bs. In contrast cy, does not

belongs to the supra neutrosophic crisp set B, denoted by ¢ Ny £ B, if ¢ ¢ Bj.

Definition 3.4. Let (X, t") be SN T,, p € SNoPy in X, a supra
neutrosophic crisp set B = (By, By, Bg) € " is called supra neutrosophic

crisp open nbd of p in (X, "), if p € B.

Definition 3.5. Let (X, ") be SN T, p € SNcPy in X, a supra
neutrosophic crisp set B = (B;, By, B3) € ™ 1is called supra neutrosophic
crisp nbd of p in (X, "), if there is supra neutrosophic crisp open set

A = (A, Ay, A3) containing p such that A ¢ B.

Note 3.6. Every supra neutrosophic crisp open nbd of any point
p € SN¢Ppy in X is supra neutrosophic crisp nbd of p, but the converse need

not be true following the example.

Example 3.7. Let X ={a, b, ¢}, ™" = {Xpnc, One» A, B, G},
A =({a, b}, ¢, ), B = (9, b}, 9). G = ({a, b}, {b}, 9).

If we take U = ({a, b}, ¢, {c}).
Then G = ({a}, ¢, ¢) is an open set containing p = ay, = ({a, b}, ¢, ¢)

and G c U. That is U is a supra neutrosophic crisp nbd of p in (X, "),

while it 1s not a supra neutrosophic crisp open nbd of p.

Definition 3.8. Let (X, t") be a SN¢Ts and B = (B;, By, B3) be SN¢
set of X. A supra neutrosophic crisp point p € SNoPpy in X is called a supra
neutrosophic crisp limit point of B = (B;, By, Bg) iff every supra
neutrosophic crisp open set containing p must contains at least one supra
neutrosophic crisp point of B different from p. It is easy to say that the point

p 1s not supra neutrosophic crisp limit point of B if there is a supra

neutrosophic crisp open set G of p and BN (G\p) = dnc-
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Definition 3.9. The set of all supra neutrosophic crisp limit points of a
supra neutrosophic crisp set B is called supra neutrosophic crisp derived set
of B, denoted by SND(B).

Example 3.10. Let X =/{a,b, ¢, d}, ™ ={0nc, Xno» 4, B, G},
A = (la, b}, ¢, {d}), B = ($, {0}, 9), G = (la, b, b}, §). If we take
D = ({a, b}, {b}, ¢). Then P =Cpy; =({c}, ¢,¢) is the only supra

neutrosophic crisp limit point of D, i.e., SN¢D(D) = {Cy, }-

Theorem 3.11. Let (X, t") be SN¢T, and B = (By, By, B3) be a supra

neutrosophic crisp set of X, then B is supra neutrosophic crisp closed set
(SN¢C,) iff SNoD(B) c B.

Proof. Let B be SN:C,, then (X\B) is supra neutrosophic crisp open
set (SNcOg) this implies that for each supra neutrosophic crisp point
p € SNcPy in (X\B), p ¢ B, there is a supra neutrosophic crisp open set G
of pand G < (X\B).

Since BN (X\B) = ¢nc, then p is not supra neutrosophic crisp limit
point of B, thus G N B = ¢nc, which implies that p ¢ SNoD(B). Hence
SN-D(B) c B.

Conversely: Assume that p ¢ SNoD(B), implies that p is not supra

neutrosophic crisp limit point of B, hence, there is a supra neutrosophic crisp
open set G of p and G N B = ¢¢, which means that G < (X\B) and since

(X\B) is a supra neutrosophic crisp open set.
Hence B is supra neutrosophic crisp closed set.

Theorem 3.12. Let (X, ) be SNoT, and B, G be a supra neutrosophic
crisp sets of X, then the following properties hold:

(i) SNeD(dne) = dne
Gi) If B < G, then SNoD(B) < SN¢D(G),
(i) SNeD(B N G) = SNoD(B) N SN¢D(G),
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(iv) SNeD(B U G) ¢ SN-D(B)U SN-D(G).
Proof. (i) the proof is directly.

(i) Assume that SN-D(B) be a supra neutrosophic crisp set containing a
supra neutrosophic crisp point p € SNoPpy. Then by definition 3.8, for each
supra neutrosophic crisp open set V of p, we have BN V\p # ¢n¢c, but
B c G, hence GNV\p # ¢nc, this means that p € SN-D(G).

Hence, SNoD(B) = SN¢D(G).

(iii) Since BN G < B, then by (ii) SNoD(BN G) = SNcD(B) (i)
BNG c G, implies SN¢D(BN G) ¢ SND(G) (i)

From (i) and (i) SNoD(BN G) < SN¢D(B)N SNoD(G).

(iv) Let p € SNoPy such that P ¢ SNoD(B)U SN-D(B)U SND(G),
then either P ¢ SNoD(B) and P ¢ SNoD(G), then there is a supra
neutrosophic crisp open set K of P and BN K\P =65 and
GNK\P =¢pyc this implies that (BUG)NK\P =dpnc, le.
P ¢ SNeD(B U G). Hence SNoD(B U G) = SNoD(B)U SNoD(G). (i)

Conversely, since Bc BUG,G < BUG, then by property (i)
SN¢cD(B) ¢ SNeD(B U G), and  SND(G) < SNoD(BU G). Thus
SNoD(BU G) o SNcD(B)U SN¢D(G).

(iv) From (iii) and (iv) we have SNoD(B U G) = SNoD(B) U SND(G).

4. Separation Axioms in a Supra Neutrosophic
Crisp Topological Spaces

In this section we introduce separation axioms in a supra neutrosophic

crisp topological spaces and we study its characterizations.

Definition 4.1. The supra neutrosophic crisp topological space (X, t*) is
said to be SNgT, space, if Vx,ye X, x #y and there exists supra

neutrosophic crisp open set G such that x € G and y ¢ G.
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Example 4.2, Let X ={a, b, ¢}, ™™ = {onc> Xnes A, B, G},
A = ({a}, ¢, 9), B = (¢, {b}, ¢), G = (¢, ¢, {a}).
o (X, ") isa SNT, space.
Definition 4.3. The supra neutrosophic crisp topological space (X, t*) is

said to be SN subspace of (X, ), if A ¢ X, A # ¢, v, is the class of all
intersection of A with each element in t".

Theorem 4.4. Let (X, ") is a SNT, space and (Y, ") is a SN¢
subspace of (X, ). Then (Y, 1)) isa SNT| space.

Proof. Suppose that x, y e Y, x # y, since Y < X then x, y € X.

Since (X, t") is a SN¢T, space means that 3 a SN open set
GcX>xeGand y¢eG.

We have that G, = Y NG, G, is a SN¢ open set in Y and x € G, but
y ¢ Gy, so we found a SN open set Gy c Y which it contained x and not

contained y.
Hence (Y, 1) isa SN¢T| space.
Theorem 4.5. Let (X, "), (X3, t}') are two SN¢Tg, (X, i) is a SN¢T

space and fis a SN open function and bijective. Then (X7, rf) isa SNcT,

space.
Proof. Suppose that (X, t") is a SNT|, space.
Now we have to prove that (X3, t}') isa SN¢T| space.

Let xq, 31 € X1, %1 # ¥, since f is a Dbijective function, then

Jx, ye X 3x; = f(x), y; = f(y) and x ¢ G.

Since (X, ") is a SNT, space, then 3G < X is a SN open set
53x G and y ¢ G.
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We obtain that f(G) < X; is a SN open set in X; because fis a SN

open function.

So x; € f(G) and y; ¢ f(G). Hence, (X1, t}') isa SNT, space.

Definition 4.6. The supra neutrosophic crisp topological space (X, t*) is
said to be SNT] space, if Vx, y € X, x # y and 3G, H < X are SN open
sets >xeG,yeGand ye H, x ¢ H.

Example 4.7. Let X = {a, b, C}, ‘EH = {(I)Nc, XNC’ A, B, G, H},
A =(la}, ¢, §) B =($ b}, 9), G = (¢ ¢ {a}), H = (§, ¢, b))

o (X, ") isa SNT) space.

Theorem 4.8. Let (X, ") isa SN¢Tg and is a SN¢T; space if and only
if for every x € X, {x} isa SN¢ closed set.

Proof. Let (X, t*) be a SNT,, we show that {x}° isa SN open set in
X. Suppose that a € {x}°, a # x then by (def. 3.6) 3G, is a SN open set in

X where G, does not contain x. Hence aeG, < {x}° and
{x} =1{Gy : a « {2}
This means {x}° is a union of all SN open sets and by def. SN 7.

. {x}° isa SN open set. Hence {x} isa SN closed set.

Conversely suppose that {x} is a SN closed set in X and let a, b € X

where a # b then a € {x}°, b € {y}° and {x}°, {y}° are SN open sets in X.
Hence (X, ") isa SNTj space.

Theorem 4.9. Let (X, ") is a SN¢T, space and (Y, ") is a SN¢

subspace of (X, ). Then (Y, 1)) isa SN¢T; space.
Theorem 4.10. Let (X, "), (X, 1}') are two SN¢Tg, (X, ") is a
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SN¢T; space and fis a SN open function and bijective. Then (X1, t}') is a
SN T space.
Remark 4.11. Every SNT7 is a SN space, but the converse is not

true as in the following example.

Example 4.12. Let X ={a,b},t™ ={0nc, Xnes A, B, G}, A =(d, {a}, ¢),
B = ($, ¢, {a), G = (la}, ¢, ¢).

s (X, ") isa SN¢T, but not SNcT; space.

Definition 4.13. The supra neutrosophic crisp topological space (X, )

is said to be SNTy space, if Vx, y e X, x # y and 3G, H < X are SNg¢
opensets >x € G, ye H and GN H = ¢.

Example 4.14. Let X ={a,b,c}, ™™ ={0nc, Xne, A, B, G, H},
A = ({a}, {b}, ¢), B = (¢, {0}, {a)), G = (¢, {a}, §), H = (¢, ¢, {b}) and also
GNH =

o (X, ") isa SN¢Ty space.

Theorem 4.15. Let (X, ") is a SNTy space and (Y, ") is a SN¢
subspace of (X, ). Then (Y, 1)) isa SN¢Ty space.

Proof. Suppose that x, y e Y, x # y, since Y < X then x, y € X which
means that 3 two SNy open sets G, Hc X >x € G and y e H and

GNH =4¢.
Now G, =GNY,H, = HNY are two SN¢ open sets in Y > x € G,

and y € H,.

Since G H = ¢, then G, N H, = ¢. So (Y, 1}) isa SNTy space.

Hence, (Y, 1) isa SN¢Ty space.

Theorem 4.16. Let (X, ") (X, t}') are two SN¢Tg, (X, ") is a
SN Ty space and fis a SN open function and bijective. Then (X, ‘cil) isa
SN Ty space.
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Remark 4.17. Every SNTy space is a SNT space, but the converse is

not true as in the following example.

Example 4.18. Let X = {a, b}, ™" = {0nc, Xne» A, B, G, H},
A =

(lal, ¢, b)), B = (¢, {aj, b)), G = (¢, {aj, ¢), H = ($, {b}, ¢).

o (X, ") isa SNT; space but not SNTy space.

5. Conclusion

In this paper, we introduced the supra neutrosophic crisp topological

spaces with some definitions and properties. We have introduced supra

neutrosophic crisp limit points and some definitions and properties. We have

introduced separation axioms in supra neutrosophic crisp topological spaces

and

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

examine the relationship between them in details.
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