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INTRODUCTION

The concepts of nano topological space (briefly
NTS) introduced by Thivagar and Richard with
respect to a subset X of W as the universe and
also semi-open sets introduced by Thivagar and
Richard [3], and nano -open sets by Revathy and
Ilango [1]. Later, by using nano semi-open sets,
nano Sg-open and nano Sc-open sets were
introduced by Pirbal and Ahmed [4-6].
Connectedness is one of the core concepts in
topology. In the past, the notions of nano
connected, hyperconnected and ultraconnected
were introduced by Thivagar and Antoinette [2].
So, the aim of this paper is to study those notions
in term of nano Sg-open sets in N'T'S.

PRELIMINARIES

In this introductory section, we present some
preliminaries, which will be used throughout the
present work.

Definition 1. [7] Let W # ¢ denote the finite
universe and the equivalence relation R on the
universe W called the indiscernibility relation.

,gajqﬂ\) LT]JYU L_;sY\ QLH)GES\ Z\Lu\}g (::\MAAX\ < Uu)) S Tea

The pair (W,R) is called the approximation
space. Let X € W:

i. The lower approximation defined by Li(X) =
Uxew {R(x); R(x) € X}, x where R(x) stands
the equivalence class by x.

ii. The upper approximation defined by Ui (X) =
Urew {R(x); R(ONX # ¢},

iii. The boundary region defined by Br(X) =
Ur(X) — Lg(X).

Definition 2. [4] Let W be the universe and R be

an equivalence relation on W and tz(X) =

{W,Lg(X),Ug(X),Bg(X), ¢} where X S W.

Then 1, (X) satisfies the followings axioms:

i. W, ¢ €1x(X)

ii. The union of members of 74 (X) is in 7z (X).

iii.The intersection of members of any finite
subcollection of 74 (X) is in 7z (X).

That is, 75 (X) forms a topology on W and called
the nano topology on W with respect to X.

Definition 3. [4] A nano semi-open set A of a
NTS (W, 1x(X)) is said to be nano Sg-open set,

if for each x € A, there exist a nano f-closed set F
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such that x € F € A. The set of all nano Sz-open
sets denoted by nSz0 (W, X).

Definition 4. [2] A NTSW is called nano-
ultraconnected if the intersection of any two non-
empty nano-closed sets is non-empty.

Definition 5. [2] A VTS W is called nano s-
space if every subset which contains a non-empty
nano-open subset is nano-open.

Definition 6. [4] A NTS is called Nano
extremally disconnected space, if the closure of
any nano open subset is still an nano open subset.

Theorem 7. [4] Let A be a subset of a
(W, 1g(X)). If A is nano-clopen, then A is nSp-
clopen in W.
Theorem 8. [4] Let (W, tx(X)) be a N'T'S, then:
i If Ug(X)=W and Lg(X)=¢, then
nSg0(W, X) = {W, ¢}.
ii. If Up(X) =W and Lz(X) # ¢, then tx(X) =
nSg0 (W, X).
ilIf  Ug(X)= LgX)#{x}, xeW,
nSg0(W, X) = {¢, W}.
AfF Upg(X) = Lr(X) # W and Ugi(X) contains
more than one element of W, then the set of all
nSz-open sets in W are ¢ and those sets A for
which Ui (X) <€ A.
If Us(X) =W, Lpg(X)=¢ and Ur(X)
contains more than one element of W, then the
set of all nSg-open sets in W are ¢ and those
sets A for which Ui (X) <€ A.
If Ug(X) # Lg(X) where Ur(X)# W and
Lp(X) # ¢, then ¢, Lg(X),Br(X),Lg(X) U
B,Br(X) UB and any set containing Ug(X)
where B € [Ug(X)]¢ are the only nSz-open
sets in W.
Definition 9. [5] Let (W, 7z (X)) be a N'T'S, then:
i. nSgint (A) =U {G: G is nSz-open and G < A}.
iil. nSgcl(A) =n{F:F isnSg-closed and A € F}.
Definition 10. [5] A function f: (W, 1zx(X)) —
(V, g (Y)) is said to be nSs- irresolute if f~1(G)
is nSg-open for every nSg-open set G.

NANO $;-CONNECTED
In this section, we study nano nSg-connected

spaces in NVT'Ss. Later, we study the relationship
between nano connectedness and nano nSg-

connectedness and some properties.

i then

Vi.

88

Definition 11. Two non-empty subsets A and B in
a VTS (W, 1x(X)) are said to be nSp-separated
if AN nSpcl(B) = B NnSgcl(4) = ¢.

Definition 12. The NTS (W, t,(X)) is called
nSg-connected if there is no a nSg-separation of
W. Otherwise, it is called nSg-disconnected.

Definition 13. A subset A of a NTS (W, 13(X))
is called nSﬁ-connected set if there is no a nSg-
separation of A.

Lemma 14. If A and B are nSg-separated in W

with ¢ #C € A and ¢ # D € B, then C and D
are also nSg-separated sets in W.

Proof. Obvious.

Theorem 15. A NTS (W, 7x(X)) is nSs-

connected space if and only if W can not
expressed as the union of two disjoint non-empty
nSg-open sets in W,

Proof. Let W be nSg-connected. Assume that G
and H are two disjoint non-empty nSg-open
subsets of U such that = G UH . Take 4 =
W—Gand B= W— H . Then A and B are
nSg-closed in W. Thus A NnSgcl(B) =

nSgcl(A)NB=¢ andW = AUB. Thus, W is
not nSﬁ-connected, but this is a contradiction with

the hypothesis. Thus, W cannot be expressed as
the union of two disjoint non-empty nSg-open

subsets of W.

Conversely, suppose that the condition holds. Let
W = AUB, AB+#¢ and AnNnSgcl(B) =

nSgcl(A)NB = ¢. Take G = W —nSgcl(A)
and H = W —nSgcl(B). Then G and H are non-
empty nSg-open sets and GUH = (W -

nSpcl(4)) U (W = nSpcl(B)) =W —

(nSgcl(A) NnSgcl(B)) € W. This  implies
thatW = GUH.  Again  GnH=(W-
nSpel(A)) n (W = nSpel(B)) = W —

(nSgcl(A) UnSgcl(B)) = ¢, but this is a

contradiction with the hypothesis. Therefore, W is
nSg-connected. o

Example 16. Let W ={a,b,c} with
W/R = {{a},{b,c}} and X = {a}, then 1,(X) =
{¢,W,{a}}. Now, nSgO0(W, X) = {¢, W}, then
W cannot be expressed as a union of two disjoint
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non-empty nSz-open sets in W. Hence, W is nSgs-
connected space.

Theorem 17. For a § (W, 7x(X)), the following
statements are equivalent:

I. W isnSg-connected.

ii. Wand ¢ are the only nSg-clopen subset of
w.

iii. W can not expressed as the union of two
disjoint non-empty nSg-open sets in W.

Proof.

(i - ii) Suppose that W is nSg-connected. Let A

be a non-empty proper nSg-clopen in W, then

B =W — A is also nSg-clopen in W. Therefore,

W = A U B is a disjoint union of two non-empty

nSg-open sets, hence W is not nSz-connected,

which is a contradiction. Thus, W and ¢ are the

only nSg-clopen subset of W.

(ii —» iii) and (iii —» i) Clearly follows from

Theorem 15.

Theorem 18. If a NTS (W,tx(X)) is nSs-

connected, then W is also nano connected space.
Proof. Let W be nSg-connected. Then the only

subsets of W which is nSg-clopen are ¢ and W.

Suppose W is not nano connected. Then there
exists a non-empty proper subset A of W which is
nano-clopen in W. By Theorem 7, A is also nSg-

clopen in W. Hence A is a non-empty proper
nano-clopen and also nSg-clopen in W, which is

contradiction. Therefore, W is nano connected. o
The converse of Theorem 18, may not be true in
general, as it shown by the following example.
Example 19. Let W ={a,b,c,d} with
W/R = {{a, b}, {c}, {d}} and X ={a,c}. Then
R(X) =

{gb,W, {c},{a, b, c}{aqa, b}} and nSg0(X) =

{q.’), W,{c},{a, b}, {c,d},{a, b,d},{a,b, c}}.
Therefore, W is nano connected, but not nSg-
connected, since {c},{a, b,d} € nS;O0(W, X) and
{c}u{a,b,d} =W.

Proposition 20. Let (W, (X)) be an extremely

disconnected NT'Ss. If W is nano connected, then
W is also nSB-connected.

Proof. Follows form Theorem 8.

Theorem 21. Let (W, 15(X)) and (W, 7/ (Y)) be
two nano topologies on W with 74/ (Y)<S 75(X).
If the N'TS (W, 7(X)) is nSg-connected, then
(W, 7/ (Y)) is also nSg-connected.

Proof. Suppose that 75(X) is nSg-connected but
7' (Y) is not. Then 7,/(Y) contains a non-empty
proper nSg-clopen, since T (Y)<E 1x(X), so also
Tr(X) contains nSg-clopen, hence 7z(X) is not
nSg-connected, which is contradiction. Therefore,
T (Y) is also nSg-connected. o

The converse of Theorem 21 is not true in general,
as it shown by the following example.

Example 22. Let W ={a,b,c,d} with
W/R = {{a,b},{c},{d}} and X = {a,c}. Then
(X)) = {¢,W, {c},{a,b,c}, {a,b}} and
nSp0(W, X) =

{¢p, W, {c},{a,b},{c,d}{a b,d}{a,b,c}} IfY =
{c}, then 1x(Y) ={p,W,{c}} € 1x(X) and
nSg0(W,Y) = {¢,W}. Thus, nSg0(W,Y) is
nSg-connected space but nSg0 (W, X) is not.

Theorem 23. Let A be a nSg-connected set of a
NTS (W,7x(X)) and G, H are nSg-separated
subsets of W such that A< GUH. Then
eitherAS GorA € H.
Proof. Since A = (ANG)U (ANH), we have
(ANG)NnSgcl(AN H) S G N nSgcl(H) = ¢.
Similarly, we have (A N H) N nSgcl(ANG)) €
H N nSgcl(G) =¢.If AnG and AN H are non-
empty, then A is not nSg-connected, which is a
contradiction.  Therefore, either A NG =
¢orA NH = ¢. Therefore, either € G or A <
H.
Theorem 24. If A is a nSg-connected set of a
NTS (W,7x(X)) and A S B < nSgcl(4), then
B is nSg-connected.
Proof. Assume that B is not nSg-connected. Then
there exist nSz-separated sets ¢ and H such that
B = GUH. Then G and H are non-empty and G
N nSgcl(H) = ¢ =nSpcl(G)NH, then by
Theorem 24, we have either A € G or A € H.
So, we have two cases:
I. Suppose A S G. Then nSgcl(A) < nSpcl(G)
and N nSzcl(A) = ¢. By hypothesis, G UH <
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nSgcl(A), that is H=¢, but this is a
contradiction to the fact that H is non-empty.

ii. Suppose A € H. Using similar argument of
part (i), G is empty and this is a contradiction.
Thus, B is nSg-connected.

Corollary 25. Let A be a nSg-connected subset of
aTS W. Then nSgcl(A) is nSg-connected.
Proof. Obvious.

Proposition 26. Let A and B be subsets of a
(W,tr(X)). If A and B are nSz-connected sets
and are not nSg-separated in W, then AUB is
nSgz-connected.

Proof. Suppose A U B is not nSg-connected. Then
there exist nSg-separated sets C, D in W such that
AUB = CUD, then A< CuUD. By Theorem
23, either AC Cor A< D. Again either B <
CorBSD.IfAS€CandB < C,then AUB <
C and D = ¢, which is a contradiction. Therefore
Ac C and B< D. Similarly, A D and B € C.
Thus, we obtain nSgcl(4) N B & nSgcl(C) N
D = ¢ and nSgcl(B) N A S nSpcl(C)ND = ¢.
Hence A, B are nSg-separated in W, which is a
contradiction. Therefore, A U B is nSg-connected.

Proposition 27. If Ux(X) = W and Lz(X) = ¢ in
aTs (W, 1x(X)), then W is nSz-connected.
Proof. Since nS;0(W,X) = {¢, W}, then W is
nSgz-connected.

Proposition 28. If Ux(X) = W and Lg(X) # ¢ in
a 7S (W,7x(X)), then W is nSg-disconnected
space.

Proof. Since r:ﬁ (X) = {¢p, W, Lg(X), By (X)}, but
Ly N Br(X) =¢ and Lr(X) U Br(X) =W,
then W is nSg-disconnected space. o

Proposition 29. Let (W,1x(X)) be a NTS. If
Up(X) = Lg(X) = {x}, x € W, then W is nSg-
connected.

Proof. Since nSzO0(W,X) = {¢p, W}, then U is
nSgz-connected.

Proposition 30. Let (W,7z(X)) be a NTS. If
Ug(X) # W, Lg(X) =¢ and Ux(X) contains
more than one element of W, then W is nSg-
connected.

Proof. By Theorem 8, Uz(X) € An B for any
non-empty nSgz-open sets A and B, hence A N B #

90

¢. Therefore, by Theorem 17 (ii), W is nSs-
connected.

Proposition 31. Let (W,1x(X)) be a NTS. If
Ur(X) = Lr(X) # W, and Ux(X) contains more
than one element of W, then W is nSpz-connected.

Proof. By Theorem 8, Uiz(X) € An B for any
non-empty nSz-open sets A and B, hence AN B #

¢. Therefore, by Theorem 17 (ii), W is nSs-
connected.

Proposition 32. Let (W,1,(X)) be a NTS. If
Ur(X) # Lg(X) where Ug(X) # W and Lg(X) #
¢, then W is nSg-disconnected.

Proof. Since Lr(X) is non-empty proper nSg-
clopen in W. Therefore, W is nSgz-disconnected.
O

Proposition 33. Let f: (W, (X)) = (V, 7/ (Y))
be a surjective nSg-irresolute function. If W is
nSg-connected, then f(W) = V is nSz-connected.
Proof. Suppose that W is nSg-connected. If A is a
subset of V which is nSg-clopen, then f~*(4) is
nSg-clopen in W. Since W is nSg-connected, so
f~1(A) must be U or ¢ (i.e., f~1(A) =W or
f7Y(A) = ¢). Therefore A= f(U)=Vord=¢
and hence V is nSg-connected.
Proposition 34. Every nSg-connected space is
extremally disconnected.
Proof. By Proposition 28, Proposition 30,
Proposition 31 and Proposition 32, we have:
I If x(X) ={¢, W}, then ncl(W) =W and
ncl(¢p) = ¢. Therefore, tx(X) is extremally
disconnected.

i, If 7x(X) = {qb,W,{x}}, then ncl({x}) = W.
Therefore, Tz (X) is extremally disconnected.
iii. If 7R (X) = {¢, W, U (X))}, then ncl(Ur (X)) =
W.  Therefore, tx(X) is extremally
disconnected.

iv. If 7o (X) = {p, W, Lg(X)}, then ncl(Lr(X)) =
W.  Therefore, tx(X) is extremally
disconnected.

The converse of Proposition 34 is not true, as it is
shown in the following example.

Example 35. Let W ={a,b,c} with W/R =
{{a},{b,c}} and X ={a,b}. Then 1x(X) =
{¢,U,{a}, {b,c}}. Then W is extremally
disconnected but is not nSz-connected, since {a}
is nSg-clopen in W.
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NANO Sz-HYPERCONNECTED
In this section, we define nano nSg-

hyperconnected space in NT'Ss. Later, we study
the relationship between nano hyperconnected and
nano nSg-connected.

Definition 36. A NTS (W, 1x(X)) is said to be
nSg-hyperconnected if the intersection of any two
non-empty nSz-open sets is non-empty.

Proposition 37. In a § (W, (X)), if tx(X) =
{W, ¢}, then W is nSg-hyperconnected space.
Proof. Let 7x(X) = {W, ¢}, then nS;0(W, X) =
{W, ¢}. Hence, U is nSg-hyperconnected space. o
The converse of Proposition 37 may not to be true
in general, as it is shown by the following
example.

Example 38. Let W =
{a, b, c}with W/R = {{a}, {b, c}} and X = {a},
then 7,(X) ={¢, W,{a}} but nSgo(W,X) =
{¢p. W}

Proposition 39. If Uz (X) = W and Lg(X) = ¢ in
a (W, 7z (X)), then W is nSz-hyperconnected.

Proof. Since 7x(X) = {W, ¢p}. Therefore, W is
nSg-hyperconnected.

Remark 40. Let (W, 7x(X)) be a NTS when
Ur(X) = W and Lg(X) # ¢, then W is not nSs-
hyperconnected, since, ¢, W,Lgz(X) and Bg(X)
are the only nSg-open sets in W, and Lg(X) N
Br(X) =¢. Hence, W is not nSs-
hyperconnected.

Proposition 41. Let (W,1x(X)) be a NTS. If
Up(X) = Lg(X) = {x}, x € W, then W is nSs-
hyperconnected.

Proof. By Theorem 9, nSz0(W,X) = {¢, W}.
Therefore, W is nSg-hyperconneted.

Proposition 42. Let (W,7z(X)) be a NTS. If
Ur(X) = Lg(X) # W and Ugx(X) contains more
than one element of W, then W is nS;-
hyperconnected.

Proof. By Theorem 8, ¢ and those sets A for
which U (X) € A are the only nSg-open sets in
W. Let A and B be any two non-empty nSg-open
set, then AN B # ¢, since Ui (X) is a subset of A
and B. Hence, W is nSg-hyperconneted.
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Proposition 43. Let (W,tx(X)) be a NTS. If
Ur(X) #W, Lg(X) =¢ and Urx(X) contains
more than one element of W, then W is nSg-
hyperconnected.

Proof. The proof is similar to the proof of above
proposition.

Remark 44. Let (W,7x(X)) be a NTS. If
Ug(X) =W, Lg(X) #¢ andUz(X) # Lr(X),
then W is not nSg-hyperconnected. Since
Br(X) N Lg(X) = ¢.

Proposition 45. Let (W, 7z(X)) be a N'T'S. Then
the following are equivalent:

i. W is nSg-hyperconnected.

il. W is nSg-connected.

Proof. Obvious.

NANO S,;-ULTRACONNECTED
In this section, we define nano nS[;-uItraconnected

space in NT'Ss. Later, we study the relationship
between nano ultraconnected and nano nSg-

ultraconnected.

Definition 46. A NT7S W is called nSg-
ultraconnected if the intersection of any two non-
empty nSg-closed sets is non-empty.

Proposition 47. If Ug(X) = W and Lg(X) = ¢ in
a NTS  (W,nr(X)), then W is nSs-
ultraconnected.

Proof. Since nSg0(W,X) = {W, ¢}, Hence, W
is nSz-ultraconnected space.

Remark 48. Let (W,7x(X)) be a NTS. If
Ur(X) =W and Lg(X) # ¢, then W is not Sg-
ultraconnected. r:ﬁ X) =

c
{6, W, La(0), B0} = [t 0] Le(0) 0
Br(X) = ¢, hence W is not nSg-ultraconnected
space.
Proposition 49. Let (W, 7z(X)) be a NTS. If
Ur(X) = Lg(X) = {x}, x EW, then W is nSg-
ultraconnected.
Proof. Since nSgO0(W,X) = {W, ¢}, Hence, W
is nSg-ultraconnected space. o

Remark 50. Let (W, 1x(X)) be a VTS, then:

Since
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i. If Up(X) =Lg(X)#U and Ug(X) contains
more than one element of W, then W may not
be nSg-ultraconnected.

i If Ug(X) =W, Lg(X)=¢ and Ux(X)
contains more than one element of W, then W
may not be nSg-ultraconnected.

As shown in the following example.

Example 51.

i. Let W={abcd} with W/R=
{{a,b},{c,d}} and X = {a,b}. Then tx(X) =
{¢, W, {a,b}}. Thus, nSgC(W,X) =

{6, W, {c,d},{d},{c}}. Since {d}n{c}= 0o,

hence W is not nS,;-uItraconnected.

ii.Let W={abcd} with W/R=
{{a,b},{c,d}} and Y ={a}, then tx(Y) =
{¢,W,{a,b}}. Then nSgC(W,Y) =

{6, W, {c,d},{d},{c}}. Since {d}n{c}= 09,
hence W is not nSg-ultraconnected.

Proposition 52. Let (W, (X)) be a N'T'S where

[Ugr (X)]€ is singleton subset of W:

i. If Ug(X) = Lg(X) # W and Ugx(X) contains
more than one element of W, then W is nSg-
ultraconnected.

i If Ug(X) =W, Lg(X)=¢ and Ux(X)
contains more than one element of W, then W
is nSg-ultraconnected.

Proof. In both cases, since nSgO(W,X) =

{¢, W, Uz (X)}, it follows that W is nSs-

ultraconnected.

Remark 53. Let (W,7x(X)) be a NTS. If

Wr(X) # Lg(X) where Uzx(X)#=W and
Lr(X) # ¢, then W is not is nSg-ultraconnected,

since Lg(X) and Bg(X) are disjoint nSg-clopen
subset in W.

Proposition 54. Every nSg-ultraconnected space
is nano ultraconnected.

Proof. Obvious.

The converse of Proposition 54 is not true in
general, as it is shown in the following example.

Example 55. Let W = {a, b, c,d} with W/R =
{{a,b},{c,d}} and X = {a,b}. Then [tx(X)]¢ =
{¢,U,{c,d}} and nSgC(W,X) =
{¢,U,{c,d},{d},{c}}. Since {d} n {c} = ¢, hence
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W is not
ultraconnected.

Definition 56. A NT'S (W, 7z(X)) is called nSj-
space if every subset which contains a non-empty
nSg-open subset is nSg-open.

Proposition 57. If Ug(X) = W and Lg(X) = ¢ in
a (W, (X)), then W is nS§-space.

Proof. Since nSg0(W,X) = {W, ¢}. Hence, W
is nSz-space.

Proposition 58. Let (W,1,(X)) be a NTS. If
Ur(X) = Lg(X) = {x}, x €W, then W is nSg-
space.

Proof. Since nSg0(W,X) = {W, ¢}. Hence, W
is nS;z-space.

Remark 59. Let (W, 7z(X)) be a N'T'S, then W
is not nSz-space in the following cases:

L If Ugs(X) =W and LgX)#¢ in a
(W, (X)), then W is not nSj3-space. Since by

Theorem 8, 7" (X) = {¢, W, Lz (X), Bx(X)}
and it is clear W contains more than two
points, since Lg(X) and Bz(X) are nSgz-clopen
subsets of U, then there exist a point x €
Bgr(X) such that Lz(X) € Lg(X) U {x}, but
Lr(X) U {x} is not nSg-open set in W. Or there
exist a point x € Lgx(X) such that Bx(X) <
Br(X) U {x}, but Br(X) U {x} is not nSs-open
set in W. Therefore, W is not nS;-space.

ii. If Ug(X) # Lgr(X) where Uz(X) # W and
Lr(X) # ¢. Since Liz(X) N Br(X) =¢ and
Lr(X) € {x} U Lg(X), where x € Bx(X) and
{x} U Lr(X) is not nSg-open. Therefore, W is
not nS;-space.

Proposition 60. Let (W, 7z(X)) be a N'T'S.

i If Up(X) = Lgr(X) # W and Ugx(X) contains
more than one element of W, then W is nS;-
space.

i If Ug(X) =W, Lg(X)=¢ and Uz(X)
contains more than one element of W, then W
is nS;-space.

Proof.

i. By Theorem 8, ¢ and those sets A for which
Ur(X) < A are the only nSg-open sets in W,
Let A is any nSg-open and B be any subset of
W which A € B. Since A is nSg-open, then

nSg-ultraconnected  but  nano
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Ur(X) €A S B. Hence B is also nSg-open.
Therefore, W is nSg-space.
ii. The proof is similar to part (7).
Proposition 61. Every nano s-space is nSz-space
inalsw.
Proof. Obvious.

The converse of Proposition 61 is not true in
general, as it is shown in the following example.

Example 62. Let W = {a, b, c,d} with W/R =
{{a,b},{c,d}} and X ={a,b}. Then 7z(X) =
{6, W,{a,b}}, it is clear W is nS3-space but not
nano s-space.

CONCLUSIONS
In this paper, we introduced the notions of nano
Sg-connected, nano Sg-hyperconnected and nano

Sg-ultraconnected by using the all forms of nano

Sg-open sets in NTSs. Then, we studied the
relations among them and we showed that if a
NTS is nSg-connected, then W is also nano
connected space but not the converse. Our results
(the most important) as conclusion shown in the
following table. By considering the results in
Table 1, several results may be derived. The “1”
means the case holds and “0” means the case does
not hold and the result is closed. Additionally, the
“0*” means the case holds under a condition and
the result is not closed. Now, we see that if
“Ue(X) =W and Lr(X) =¢” or “Ug(X) =
Ly(X) ={x}, x EW” in a NTS (W, 1z(X)),
then the space is nano Sg-connected, nano Sg-
hyperconnected and nano Sg-ultraconnected. But
if “Ug(X) =W, Lg(X)#¢ and Uz(X) #
Lr(X)” or “Ur(X) =W and Lg(X) # ¢”, then it
is not nano  Sg-connected, nano  Sg-
hyperconnected and nano Sg-ultraconnected.

Table 1. Relation among nSz-connected, nSg-hyperconnected, nSg-ultraconnected and nSSSB—spaces.

Family of nS-open sets. " tt?rm gf Upper nSg-connected | nSg-hyperconnected | nSg-ultraconnected nS;5 -space
and lower approximations if: B

Up(X) =W and Ly (X) = ¢ 1 1 1 1
Up(X) =LgX) ={x}, x eW 1 1 1 1
Up(X) = Lg(X) #W and Ur(X) contains .

1 1 0 1
more than one element of U.
Up(X) #+ W, Lp(X) = ¢ and Ur(X) contains .

1 1 0 1
more than one element of W.
Ur(X) =W, LgX)#¢ and Uz(X) #

0 0 0 0
Lg(X)
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