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Abstract

In this paper, the concept of nano-T-semi-g-closed set (resp., nano-7T-semi-
g-open, nano-"I-semi-g-4 and nano-7T-semi-g-@-closed setset) was introduced
by using the concept of ideal in topological spaces and nano topological
spaces. Some properties and examples with illustrative tables and an applied
example were presented.

Keywords: n-closed, n-open, n-semi-closed, n-semi-open, n-"Isg-closed, n-
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1. Introduction
In(x, ©), the ideal T # ¢is as a family of subsets of 5 that satisfies two prerequisites: (A and B € 1
impliesAUB € 1) and (A € Band B € Timplies A € 1) [1, 2]. By using this concept many studies
have emerged which are concerned with the study of different topological properties [3- 5].
In 2013, the concept of nano topological space was studied using the lower and upper
approximations with equivalence relations [6,7].
In this paper, by taking advantage of the above concepts, another type of near nano closed set is
introduced, which is nano-TI-semi-g-closed, and the most important characteristics of this set are
clarified.
2. Preliminaries
Definition 2.1.[7] For an equivalence relation Ron aset oo # ¢, let A € o
i- The lower approximation of A via R is symbolized by R(A) where R(A) = Ugea {R(¢); R(¢) € A},
and R(¢) is defined by the equivalence class of ¢.
ii- The upper approximation of A via R is symbolized by R(A) where R(A) = Ugea {R(¢); R(6) N A #
#).
iii- The boundary of A via R is symbolized by R? (A) where R? (A) = R(A)-R(A).
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Definition 2.2.[7,8] For an equivalence relation R on a set 3y # ¢, let A< g and let Tr(A) =
{x & I_{(A),ﬁ(A), RP(A)} is topology on x, then Tr(A) is namely nano topology with respect to A
and (¢, Cg(A)) is namely nano topological space with respect to A. Every element in this previous
topology is namely nano-open set (shortly; n-open set) and its complement is nano-closed set
(shortly; n-closed set). The abbreviations n-int(A) and n-cl(A) refer to the nano-interior and the
nano-closure of A, respectively.

For any ideal I, the space (x, Tr(A), 1) is a nano ideal topological space.

We can determine all nano topological spaces for any space s with an equivalence relation R on it,
according to the given subset A € g to find Ty (A). All this will be evident in table 1.

Let X = {61,62,63} and R = {(61,61), (62,62), (€3, 63), (61, 62), (62, 61)}
ThenP(x) = {x, ¢ {61}, {e2}, {63}, {61, 623, {62, 63}, {61, 633}, R(61) = {61,623 = R(62) and R(e3) =
{63} then /R = {{¢1, 62}, {633}

Table-1
A R(A) R(A) R"(4) Cr(4)
4 ¢ ¢ ¢ x. ¢
X X X ¢ x #
{c1} ¢ {e1, 62} {c1,62} {x, d{e1, 61}
{2} ¢ {¢1, 62} {c1,62} {x, d{e1, 61}
{63} {63} {63} ¢ {x ¢ {es}}
{e1,62} {e1,62} {¢1,62} 4 {x, #1161}
{2, 63} {3} X {¢1,62} {x, ¢ {e1 62} {3}}
{c1, 63} {3} X {c1,62} {x, d{c1, 62} {¢3}}
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Definition 2.3.[7],[8] For (;¢,Tg(A)), the set B € y is nano-semi-open (briefly, n-semi-open)
whenever B € n-cl(n-int(B)), where its complement is a nano-semi-closed (briefly, n-semi-
closed) set. The shortcut n-SC(y) (respectively, n-SO(y)) is used for the family of all n-
semi-closed (respectively, n-semi-open) sets.
Definition 2.4.[9] In (3, Tg(A)), if Bc ¢, then n-Ker(B) = N{U’; B € U, U € TR(A)} which is
denoted by the nano-kernal of B.
3. Nano-1- Semi- g- Closed Set

The concepts of ideal and equivalence relations will be used to define new notions and then clarify
the relationships with the concept of ideal topological space.
Definition 3.1. In (¢, Tg(A), ), the subset B i is a nano-11-semi-g-closed set (shortly, n-
Isg-closed), if B-U € Tand I is n-semi-open, then cl(B)-U¥ € 1. The complement of B is a nano-
T-semi-g-open set (shortly, n-1sg-open). The shortcuts n-Isg-C(x) and n-1sg-0 () refer to the
families of all n-Tsg-closed and n-sg-open sets, respectively.
From Table-1, we can determine the family of all n-semi-closed (respectively, n-semi-open) sets ,
according to the given Tk (A) in the previous table, as explained in Table-2.

Table-2
A Tr(A) n-S0 () n-SC(y)
¢ x 4 x 4 x 4
X x 4 x 4 x 4
{61} {x. ¢ {1621} {x. ¢ {c1, 623} {x, ¢ {e3}}
{e2} {x. ¢ {161} {x. ¢ {c1, 623} {x, ¢ {e3}}
@ | wewn | GAEeeT | Geln
{c1,62} {x, o {61,621} {x, ¢ {e1, 623} {x, ¢{e3}}
{263} {x, ¢ {e1, 62} {e3}} {x, ¢ {61, 62} {¢3}} {x0, 8 {61, 62} {e3}}
{¢1, 63} {x, ¢ {e1, 62} {e3}} {x, ¢ {61, 62} {¢3}} {x0, 8 {61, 62} {63}}

From Table-2, let T = {¢ {¢:}, {6}, {61,6,}} be the ideal. We can determine the family of all n-
Isg-closed (respectively, n-1sg-open) sets, according to the given Tr(A) and n-SO(y) in the

previous table, as described in Table-3.

Table-3
0. Tr(A) n-SO(y) n-1sg-C(x) n-1sg-0(x)
{x, & {63} {x, ¢ {61,62}
¢ w4 w4 (62,83, {{cl.}cg}} .{cl}.{ {cz}}}
{X' ¢' €3 {X: ¢; 61,62
x w4 w4 (6 85h (en 63t} | o (8ihisn})
@ | W) | walwed | {Gj’gj'{if;}} {’,’f{;f'},{f;;g}
0 [ etten | st | e | G
{x, {63}
(65} woatey | dE) P(x) P(x)
Coed | edlasd) | Geslasd | ROy | AT
{X' ¢' {Gl' GZ} {X! ¢r {Glr GZ}
{ez, 63} ,{6{3}} } ’{G{g}} } P(w) P(y)
{x, dler e {x, dier e
(eves) (6] (6] o i
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Remark 3.2

i. Every n-closed set in (5, Tr(A)) is n-lsg-closed in (5, Tr(A), D).

ii. Every n-open setin (i, Tg(A)) is n-1sg-open in (3, TR(A), D).

The converse of neither parts of the above remark is true. By Table-3, if we suggest the set A =
{61,625} then Tp(A) = {x, 4 {61, 623}, n-Tsg-0(x) = {x, 4 {61, 62}, {61}, {6,}} and n-TTsg-C(x) =
{o, #{c3},{c2, ¢35}, {e1,€3}}. The set {e3} is n-Tsg-closed in (z, Tx(A), 1) but not n-closed set in
(2, Tr(A)) and the set {¢, } is n-1sg-open in (x, Tx(A), 1) but not n-open set in (x, Tx(A)).

4, Nano-1- Semi- g- Kernal of Set

The connotation of the definition of nano-kernal of the set [9] can be generalized by using the
notion of nano-T1-semi-g-open set, as defined below:

Definition 4.1. In(xy,Tr(A), 1), if B ¢, then n-Tsg-Ker(B) = N{¥; BS U, U € n-1sg-0(x)}
which is a shortcut for nano-1-semi-g-kernal of B. It is clear that, if B x is n-Isg-open set, then
B = n-Isg-Ker(B).

From table 3, if we suggest the set A = {¢;,¢,} then Tr(A) = {x, 4 {61, 6,3} and n-Tsg-0(x) =
{X,fii {e1, 62} {61}, {Gz}}- According to the given Bc 5, we can determine n-Isg-Ker(B), as

described in Table-4.

Table 4-
B n-Ker(B) n-Isg-Ker(B)
4 4 4
X X X
{61} {¢1,62} {e1}
{2} {¢1,62} {c2}
{es} X X
{e1, 62} {e1, 62} {¢1, 62}
{62, 63} X X
{61,653} X X

Remark 4.2. In (v, Tr(A), 1), if B &, then n-lsg-Ker(B) c n-Ker(B).

Proof: Let ¢ € n-Ker(B). Thenc & N{U'; BE U, U € Tx(A)}, so AU € TR(A), BEU; ¢ ¢ U.
Since every n-open set in (i, Tr(A)) is n-Isg-open in (3, Tr(A), 1), then I ¥ € n-1sg-0(x), B <
U; ¢¢ U, theng ¢ N{U'; BS U, U,B € n-sg-0(x)}. Hence, ¢ & n-Isg-FKer(B).

The phrase (n-Ker(B) c n-Isg-Ker(B)) is not true by Table 4 . If we suggest the set B = {g,}, then
n-Ker(B) = {¢1,6,}, but n-Isg-Ker(B) = {¢,}, then n-Ker(B) & n-Isg-Ker(B).

For (3, Tr(A), D), if xis a finite space, then Bc i is an n-Isg-open set, if and only if B = n-
Isg-Ker(B).

Definition 4.3. In (x,Tr(A),T), if B=n-"Isg-Jer(B), where Bc xv, then B is said to be
nano-1-semi-g-& set, shortly n-Isg-4 set.

From Table 4, the sets ¢, i, {¢1}, {¢,} and {¢, ¢, } are n-Tsg-4 sets.

Remark 4.4. For(x¢, Tr(A), 1), B x, if B is an n-Tsg-open set, then B is an n-1sg-4 set.

Definition 4.5. In (¢, Tr(A), ), if = H n B, where U'c v, H is n-Tsg-closed set and B is n-‘Isg-4
set, then U’ is said to be nano-1-semi-g-g-closed set (briefly, n-‘Isg-¢p-closed set).

From Table 4, where A={c,6} then CTr(A) = {x, & {61, 62}} and
n-1sg-C(x) = {x, ¢ {63}, {62, 65}, {61,63}}. S0, every subset U of o is n-Isg-@- closed since
U = Hn B, such that H is n-1sg-closed set and B is n-sg-# set.

Proposition 4.6.

i. Every n-Tsg-§ set is n-1sg-¢@-closed set.

ii. Every n-Isg-open set is n-1sg-¢@-closed set.

iii. Every n-Isg-closed set is n-Isg-¢p-closed set.
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Proof

i. LetBbe ann-Tsg-4 set. Since i € n-Isg-C(x) such that B = B N 1, then B is n-Isg-¢p-closed
set.

ii. Since BC x is n-Isg-open set, then B =n-"Isg-XKer(B), then B is n-1sg-§ set, then B is
n-1sg-p-closed set by (i).

iii. Let B € n-Tsg-C(x). Since y is n-Tsg-4 set such that B = B n y, then B is n-TIsg-¢-closed set
The opposite of Proposition 4.6, is not true.

Example 4.7. From Table ,, if we suggest that B = {¢3} where A = {¢;,¢,}, then TR(A) =
{x, ¢ {61,623} And n-Tsg-C(x) = {x, {4}, {63}, {62, 65}, {61, 63}}. Hence, n-Tsg-Ker(B) = x,
then B is not n-Isg-4 set and not n-Isg-open set, but B is n-1sg-¢p-closed set, since B=Bn y. If
we suggest that B = {¢;, ¢,} with the same set A, then n-Isg-Ker(B) = {¢;,¢,}, then B is n-Isg-4 set
and B is n-1sg-¢@-closed set, but B is not n-Isg-closed set.

Proposition 4.8. In (3, Tr(A), ), if yis a finite set and U< ; U is n-Isg-p-closed set, then f =
n-Isg-Ker(U) N H, where H is n-1sg-closed set.

Proof: Since U is n-Isg-¢-closed set, then = H n B such that H is a n-Isg- closed set and B is
n-lIsg-& set. This implies that ¥ cn-TIsg-Ker(B) =B, U cH and U cn-Tsg-Fer(f). Which
implies that I c n-Isg-Fer (W) N Hc n-Isg-Ker(B)NH=BNnH =U.

5. The Application in n-1sg-Closed set

Example 5.1. Smallpox is a disease that affects children and adults, where symptoms are manifested
by the emergence of liquid blisters or pills in the skin, with itching as well as high temperatures.
Smallpox is caused by a type of virus which can be spread by direct contact by touching, with the
emergence of a rash. It may also spread with diarrhea and the emaciation of an infected person.

In this example, according to table 5 below, we present data of 4 patients some of whom are infected
with smallpox and the others are not. Among the five symptoms stated above, we determine the
effective factors for diagnosing this disease.

Table 5-
Skin rash
Patients (with Liquid | Diarrhea | Itching | Emaciation | Temperature | Smallpo
pills) (D) (H) (E) (M X
S)
2] T T T T Very high T
v, T F T F High T
¥3 F F T F High F
A F F F F Very high F

In this table, let x = {¥4,%,,%5,%4}, 1= {¢ {¥1}} and A = {¢1,%3}, with an equivalence relation R
on y, whereR = {(vi,vj); ;,%j € x} such that ¢; and ¢; have the same symptoms. From Table 5,
X/R = {{¥1}, {¥2}, {¥3}, {9433 , therefore Cr(A) ={x, ¢ {vy93}} , then
n-S0(x) = {x, & {1, ¥3}, {01, 92, %3}, {91, 93,943} and n - Isg -
-C(x) ={x, {02, %4}, (91,92, %4}, {¥2,¥3,94} }. If we cancel the emaciation column, we get
X/RE) = {01}, (02}, (03}, (4} = x/R . therefore TR(A) = {x, 4 v, v3}} . n-S0(y) =
{x, & {v1,%3}, {V1'V2~'V3}, {v1,%3,%43} and n-Isg-C(x) = {x, ¢ (82,94}, (81,92, ¥4}, {02, ¥3,¥4} }
which is equal to n-1sgC () with respect to Tr(A). If we cancel the itching column, we get 5/
R(H) = {{V1}, {v2}, {’</'3,V4}}, therefore Trey(A) = {x, & (1}, {¥3, ¥4}, {91, 3, ¥4 3}, then Tpeyy (A) #
Cr(A) , then n-SO(x) = {0, & %1} (83, ¥4}, (81, 93,943, {91, %2}, {92, %3, 41} and n'TISQ'C(Pj) =
{0, 6023, (01, 2}, (82,933, {82, ¥4}, (92, ¥3, ¥4}, {81, ¥2, V3, {81, ¥2, ¥4 1} which is differ from n-TIsg-
-C(yy) with respect to CTg(A) . If we cancel the skin rash column, we get
X/RES) = ({¥1}, (4}, {¥2,93}} . therefore Trs)(A) = {x, {1}, 82,93} {81, 92,933} . then
Cres)(A) # TR(A) . Hence, n-SO(x) = {x, 4 {¥1}, (82,93} {81, ¥4}, {01, 92, %3}, {¥2, %3, %41} and
Tl'TISg'C(X) = {X! ¢' {V4}, {Vll v4-}1 {Vz, 'V4}, {Vg,V4}, {V21V3'v4}' {V11v2rv4}' {Vl,V3,V4}} WhICh
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differs from n-Tsg-C () with respect to T (A). If we cancel the diarrhea column, we get x/R(D) =
{v13, (823, {v3}, (84} = w/R ) therefore CR(?‘) = {x, 281, 93}} ' then
n-S0 (X) = {X' ¢' {Vll v3}' {Vl' VZLVB}' {Vl,V3,V4}} and Tl-‘ISg-C(X) = {X' ¢I {VZ,V4}, {VI!V21V4};
{¢2,%3,%4}} which is equal to n-Tsg-C(y) with respect to Ty(A). From all that the above, we get
core(R) = {H,S}. This result implies that itching and skin rash are the necessary and sufficient
symptoms to diagnose patients developing smallpox.

We can show the previous information as described in Table-6.

Table 6-

e | e w500 gy
R I O PO s o
T et | [T
N I YO B T U B o O DA it A
vy, 0.} s, ¥4} 10, ¥, 04 }) (0,95, 9,1} (01,2, 03}, 0,05, 0, 1)
ARQ ), | Tu® = Gl | O 0 ) o )
{2, %3,9.}} A0,V v4) (81,93, %40
it | Bo®=tr iy | G | TR
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