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In the present study, we introduce some new separation axioms for binary topological spaces. This new idea gives the notion of
generalized binary (T, T,, T,, T5, and T, spaces) and binary generalized semi (T, T,, T,, T3, and T, spaces) using generalized
binary open sets and binary generalized semi open sets to investigate their properties. We also provide adequate examples to assist
and understand abstract concepts. In the similar manner, we begin researching the b-sg-T), b-sg-T, b-sg-T,, b-sg-T'5, and b-sg-
T, spaces in binary topological spaces. The study on the axioms is done over binary-T, binary-T, binary-T,, binary-T, and
binary-T, spaces, motivated to do the analysis of the spaces gb(b-gs)-T,, gb(b-gs)-T;, gb(b-gs)-T,, gb(b-gs)-T5, and gb(b-gs)-

T, as well.

1. Introduction and Preliminaries

Topology is the most advanced area of pure mathematics
which studies mathematical structures. Many scholars have
recently analyzed the binary topology that was originally
developed by Nithyanantha Jothi and Thangavelu [1]. They
also investigated topological structures, displaying their
many characteristics in relation to binary topological spaces.
In 2011, Nithyanantha Jothi and Thangavelu [1, 2] intro-
duced BT from X to Y. The authors explored the ideas of
binary closed, binary closure, binary interior, binary conti-
nuity, base, and subbase of a B §. In 2012, the authors
[3] introduced the concept of binary-T, binary-T,, binary-
T,, binary-T,, and binary-T, spaces. The binary points (x;,
1)> (%3, 9,) € X XY are distinct if x; #x,, ¥, #7,. In a BT
S(X,Y, M), a subset (A, B) is said to be binary semi open
[4] if there exists a binary open set (U, V) so that (U, V)
C(A,B)Cb-cl(U,V), in which b-cl(U,V) denotes the
binary closure of (U, V) in (X,Y). The complement of a
binary semi open set is called binary semi closed, and a subset
(A, B) of (X,Y) is said to be generalized binary closed [5] if
b-cl(A, B) € (U, V) whenever (A,B) < (U, V) and (U, V) is

binary open. The complement of generalized binary closed
set is called generalized binary open. Izadi et al. and Kosari
et al. [6, 7] tried to transform quartic Diophantine equations
into cubic elliptic curves in 2021, and Shao et al. [8] introduced
some extensions of Fejér-divergences in 2022. Recently,
Sathishmohan et al. [9] proposed the idea of b-gs(b-sg)-closed
sets in BT §. Consequently, they [10] introduced the concept
of bs-T,, bs-T,, bs-T,, bs-T, and bs-T, spaces. This work
introduces and identifies the basic features of the gb(b-gs)-
T,, gb(b-gs)-T,, gb(b-gs)-T,, gb(b-gs)-T5, and gb(b-gs)-T,
spaces in BTJ §. The analysis ended up with b-sg-T, b-sg-
T, b-sg-T,, b-sg-T5, and b-sg-T', spaces in BT & with vari-
ous illustrations to demonstrate the behaviour of these new
classes of functions.

In the present examination, we use the following sym-
bols: T8, €80, €S8, STC, SCO, BT S, BEC, BO, &
RBO, GBC, BESEC, BGSO, BSEE, and BSEFO (topo-
logical spaces, binary topological spaces, generalized semi
open set, generalized semi closed set semi generalized closed
set, semi generalized open set, binary closed set, binary open
set, generalized binary open, generalized binary closed,
binary generalized semi closed set, binary generalized semi
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open set, binary semi generalized closed set, and binary semi
generalized open set).

2. gb(b-gs)-T ), gb(b-gs)-T,, and gb(b-gs)-T,
Spaces

We define the concept of gb(b-gs)-T,, gb(b-gs)-T,, and
gb(b-gs)-T, spaces and explore some of their characteriza-
tions in the study.

Definition 1. A BT S(K, <L, M) is called a generalized
binary-T,, (briefly, gb-T,) if for any two jointly distinct
points (k;,1,), (ky,1,) € H x &, there exists CRBO(H, F)
such that exactly one of the following holds:

M) (k1) €(Z, 7). (ky L) € (K =X, L = F)
(i) (k1) €(F -, L - 7), (kp, L) € (X, 7)

Definition 2. A BT S(K, &, M) is called a generalized
binary-T, (briefly, gb-T,) if for every two jointly distinct
points (ky,1,), (ky, 1,) € ' x £ with k; #x,,y, #y,, there
exists ERBO(K, 7) and (Q, W) with (k1)) e (H, F)
and (k,,1,) € (Q, ") such that (k,,L,) e (X -F, % - F),
(kL) e(X-Q,ZL-%).

Definition 3. A BT S(K, <L, M) is called a generalized
binary-T, (briefly, gb-T,) if for any two jointly distinct
points (k, 1), (ky,1,) €  x &, with x, #x,,y, #y,, there
exists disjoint €BO(¥, #) and (Q,#’) such that (k;, 1)
€(#, ) and (ky, L) € (Q,W).

Definition 4. A BT S(K, &, M) is called a binary general-
ized semi-T, (briefly, b-gs-T,) if for any two jointly distinct
points (ky, 1), (ky, ) € # x Z, there exists BESO(H, F)
such that exactly one of the following holds:

(i) (ky, 1)) € (Z, 7). (ky, ) € (K =T, L - F)
(i) (k. 1) €(F -, L = ), (kp, ) € (X, F)

Definition 5. A BT (K, <L, M) is called a binary general-
ized semi-T, (briefly, b-gs-T,) if for every two jointly
distinct points (k;,1,), (ky, ) € Z xZ with ky #ky, 1, #
l,, there exists BESO(K, F) and (Q, W) with (k1)
€ (#, ¥)and (k,,1,) € (Q, W) such that (k,,1,) € (¥ - #,
L-0), k) e(F -, L-W).

Definition 6. A BT S(K, <L, M) is called a binary general-
ized semi-T, (briefly, b-gs-T,) if for any two jointly distinct
points (k;, 1), (ky, 1) € # x &, with k, #k,,1, #1,, there
exists disjoint BESO(F, #) and (@, #") such that (k;,1,)
€(#, %) and (k,, 1) € (G, 7).

Theorem 7. Let (#, %, M) be a BT §; then, for

(1) every b-T, space is gb(b-gs)-T, space
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(2) every b-T space is gb(b-gs)-T | space
(3) every b-T, space is gb(b-gs)-T, space.
(4) every gb(b-gs)-T, space is gb(b-gs)-T, space
(5) every gb(b-gs)-T, space is gb(b-gs)-T, space
(6) every gb(b-gs)-T, space is gb(b-gs)-T, space

Proof.

(1) Let (%, %) be a b-T, space and (k;,[,) and (k,, 1)
be a two distinct points of (%, Z); as (¥, &) is b-
T, space, there exists BO(¥, ) such that (ki,1;)
€, 7) and (kyL)e(HK-H, L - 7). Even
before every B0 is gb(b-gs)-open and ergo (#, 7)
is gb(b-gs)-open set such that (k, ;) € (#, ) and
(ky,L,)e (X -H, &L - F), change has occurred
(H, ) is gb(b-gs)-T, space

(2) Proof of (2) to (6) is obvious

O

Example 1. Let Z={{,@}, Z={§,0,0}. Clearly, 4 = {(¢, ),

(¢, {¢3), ({8}, {8}), ({@}, {&}), (F, {&}), (F, Z)} is a R
I from # to Z.

(1) Let(k;, 1) = ({@}, {&}) and (ky, 1) = ({8}, {e}), (k,
1), (ky, L) € (F, Z)and (k,, ) # (k,, I, );thereexists
gb(b-gs)-open set (#, 7)=({@},{&, @}); then, it is
gb(b-gs)-T, spacebutnotb-Tspace

(2) Let (7, 7)=({{}.{§,@}) and (@ ) ({@},
{£.0)). Assume (k.1,)=({€}, {@}) and (k;,1,)
=({@}. {}), (k. 1)), (ky ) € (, Z) and
# (ky, 1,); then, it is clear that (kl,l) (Z, 7),
(kp L) ¢ (%, F) and (kL) € (@, 7)), (k. 1) ¢ (@,
W’).Afterthat,wecandeclareittobegb(b-gs)- T, space
butnotb-T, space

(3) Let (7, F) = ({§}, {@, ¢}) and (@, 7) = ({@}, {&}).
Suppose  (ki, 1) = ({§},{e}) and (kL) =({a},
{&)), (kpl)(kyy ) € (F, Z) and (ky, 1) # (ky, L);
then, it is clear that (k,,1,) € (%, 7), (k,, 1,) ¢ (%,
F) and (ky, L,) € (Q, %), (ky, 1)) ¢ (@, W'). Thereaf-
ter, we can formally declare it to be gb(b-gs)-T, space
but not b-T, space

Let (#,f)=({a},{@¢e}) and (& 7)=({&},
{&@}). Assume (k1) = ({@}, {@}) and (ko 1)
=({&548)), (ki h), (kp ) € (F, ) and (k;, 1)
# (ky, 1,); then, it is clear that (k;,1;) € (# f), (k,,
L) ¢ (%, 7) and (k;, L) € (@), (ky, 1y) ¢ (O, 7).
Once that is done, we can proclalm it to be gb(b-gs)-
T, space but not gb(b-gs)-T', space

Let (ky,1;)=({&},{@}) and (k;,1,)=

Suppose (7, f) = ({§}, {@}) and (@,
{e}), (kp, 1), (ky, ) € (F, Z£) and( bh)#
then, it is clear that (k,,1;) € (%, 7) and

(4

~

(5

~

({@}, {&})-
V) = ({@},
(k> 1)s
(k> 1)
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€ (@, 7). When that is finished, we can declare it
to be gb(b-gs)-T, space but not gb(b-gs)-T, space

6) Let (7, .7)=({}.{¢e}) and (0, %)= ({a},
{&,@}). Consider (k;,1;)=({¢},{e}) and (k,,1,)
= ({@}. {@}), (k. 1), (ky, L) € (%, Z) and (k;, 1)
# (ky, 1,); then, it is clear that (k,,1,) € (%, 7), (k,,
L) ¢(#, 7) and (ky, ) € (@, W), (ky, 1) ¢ (@, ).
We may formally proclaim it after it is done to be
gb(b-gs)-T, space but not gb(b-gs)-T, space

Theorem 8. A BT (K, L, M) is a b-gs-T, space if and
only if every binary point is BESE.

Proof. Consider that (#, %, #) is a b-gs-T,. Let (k,1) € &
x L. Let ({k},{I}) € P(H) x P(ZL). By demonstrating it,
({k}, {1}) is BESE. It appears likely to depict this. (F -
{k}, L —{1}) is BESO. Let (X, ) e (K -{k}, L -{1}).
This indicates that h € # — {k} and je & - {I}. Ergo h+k
and j+#1I That is, (#, %) and (%, %) are jointly distinct
binary points of # x &. Even before (#,%Z, #) is b-gs-
T,, there exists BESOK, ) and (Q, W), (¥,F)¢€
(#, 7) and (F,L)e(Q, %), such that (#, ) e(H
-0,%-%) and (K, L)e(X-X,Z - F), although
(#, 7)< (H —{k},Z~-{l}). Hence, (¥ —-{k},Z-{1})
is a binary neighbourhood of (%, ). This implies that
({k}, {1}) is BESE.

Conversely, assume that ({k}, {I}) is BESE, for every
(F, L)eFK x L. Let (ki 1;) and (ky, 1) € ' x L with k;
#ky, I, #1,. Therefore, (k,,1,) € (% —{k;}, & —-{l,}) and
(F -{k}, &L -{l,}) is BESO. Also, (k;,1,) € (F —{k,},
& —{L}) and (# - {k,}, Z - {1,}) is BESO. This shows
that (#, &, M) is a b-gs-T). O

Theorem 9. If a BT S(H, &L, M) is a b-gs-T,, then (K,
M) is gs-Ty and (£, M ) is gs-T,,.

Proof. Even before (M) is a BT from K to &, we have
(Moy)={FH <H : (¥, F)e (Mforsome F <L} as a
topology on # and (M y)={F<ZL: (¥, F) <€ (M)for
some# C K} as a topology on Z. Let (k,k,) € # and
(I,,1,) € & with k, #k,, I, #1,. Even before (#,%Z, #) is
b-gs-T,, there exists £SO(F, F) such that either (k1)
e, ), (kyb)e( X -%,L - F)or (k;,],) e (K-,
L - 7), (ky, L) € (#, 7). This implies that either k, € %,
kyeZ-F LLef, LheL-ForkieX-H kyeH,I ¢
&L - 7,1, € 7 This implies that (#, #q) is gs-T, and
(&, M) is gs-T,. O

Theorem 10. If a BT S(K, L, T yy(30) X O (7)) 15 @ b-gs-T,
then the TS (#,7) and (£, 0) are gs-T,,.

Proof. Suppose that (#, %, T 43 X 0 () is b-gs-T. Let
(ki k,) € F and (I, 1,) € & with k; # k,, I, #1,. Even before
(Z LT yr) X Ou)) 18 b-gs-T, there exists (#,.7)
€T (o) X O.y(z) Such that either (k;, 1)) € (%, 7), (ky, 1)
e(H-H,L-F)or (kL) e (K-H,ZL~-F), (ky,1,) €
(#, 7). This implies that either k, € #, k, e X - F, I, €

I heL—-ForkieX-K, kyek,,eL-F, LeX.
This implies that either k, e #Z, k, e # - or k, e Z - %,
kye# and e f, LeL-Forl,eL - 7, 1,€ 7. Even
before (%, F)€T yy9) X 047> We have # €7 and 7 € 0.
Change has occurred; (%, 1) and (&, o) are gs-T,. O

Theorem 11. If a BT S(K, L, M) is a b-gs-T,, then (X,
M) is gs-T, and (£, M) is gs-T,.

Proof. Even before (M) is a BT from K to &, we have
(Mo)={H <K : (X, F)e(M)forsome FCF} as a
topology on # and (M) ={F<ZL : (¥, F)e (M)for
some % C K} as a topology on Z. Let (k,k,) € # and
(I,,1,) € & with k, +k,, I, #1,. Even before (#,Z, M) is
b-gs-T,, there exists BESO(F,, %), (F,, &,) with (k;,
L)e(F,%), (kL) e(F,,%,), such that (k,1,)e (X
-F,Z%-9,), (kyl)e(H-F,,Z~-%,). This implies
that k, e F|, L, €%, and [, €9&,, |, €&, such that k, €
K-FpkyeX-F and [ e L -G, ,e L~ F,. Hence,
(K, Mq) is gs-T, and (&, M) is gs-T),. O

Theorem 12. A BT S(K, L, M) is a

(1) gb-T, space if and only if every binary point is GRBE
(2) gb-T,, then (K, M ) is g-T, and (£, M) is g-T,,

Q) If a BT S(H, L, T y(r) X O.u(z)) is @ gb-Ty, then
the T8 (X,1) and (£, 0) are gb-T,

(4) gb-T,, then (E, M ) is g-T; and (£, M) is g-T,

Proof. Proof of (1) to (4) follows from Definitions 1, 2, and 3
and Theorems 8, 9, 10, and 11. O

3. gb(b-gs)-T; and gb(b-gs)-T, Spaces

We use gb(b-gs)-open sets to create gb(b-gs)-T; and gb(b-
gs)-T, spaces and examine some of their characteristics in
this section.

Definition 13. A BT S(H, L, M) is called a generalized
binary-T; (briefly, gb-T5) or generalized binary regular if
(K, &, M) is gb-T, and for every (#,F) eX x & and
every SBC (I, ) C K x L such that (#, %) (K - X,
L - F), there exists jointly disjoint FRBOS
(#,,9,),(#,,%,) such that (#,%) €(F,%,), (¥, F)
< (%, %,).

Definition 14. A BT S(K, L, M) is called a generalized
binary-T, (briefly, gb-T,) or generalized binary normal if
(#,Z, M) is gb-T, and for every pair of jointly disjoint
CBC(H |, 7). (¥, F,), there exists jointly disjoint &
RBOS(F\, %), (F,,%,) such that (¥, 7)) <(F,%)
and (#,, 7,) € (%5, &,).

Definition 15. A BT (K, L, M) is called a b-gs-T or b-gs
regular if (%, <, #) is b-gs-T, and for every (#, %) €eX#
x ¥ and every BESEC set (I, F) < H xZ such that



(., &) e(X-FH, &L~ F), there exists jointly disjoint
RBESO(F,,8,),(F,,&,) such that (#,%) e(F,,%,),
(. 7)< (%3, %)

Definition 16. A BT (K, L, M) is called a b-gs-T, or b-gs
normal if (%, &, M) is b-gs-T, and for every pair of jointly
disjoint BESEC (#\, 7). (#,, F,), there exists jointly dis-
joint BESO(F,,%,), (F,,%,) such that (¥, 7,) < (F
©,) and (7, 7,) € (%2, 9,).

Theorem 17.

(1) Every binary-T ; is gb(b-gs)-regular space
(2) Every gb(b-gs)-T5 is gb(b-gs)-T, space
(3) Every gb(b-gs)-T; is b-gs-T, space

(4) Every binary-T, is gb(b-gs)-T,

(5) Every gb(b-gs)-T, is gb(b-gs)-T;

Proof.

(1) Let (%, Z) be a binary regular and (#, ) be a B€
not containing (%, &) which implies (%, #) to be
a BESE set not containing (#, ZL). As (F, <L) is
b-gs regular, there exists jointly disjoint BESO
(F1, %), (F,,%,) such that (%, &) €(F,, %), (¥,
F) < (%,,%,). Hence, (%, Z) is b-gs regular

(2) Proof of (2) to (5) is obvious

O

Example 2. From Example 1,

() let (7, 7)=({e}{@}), (k1) =(8{a}), (F1, %))
= ({8} {e}), and (F,,%,) = ({@}, {S, @}); that is
why it is gb(b-gs)-T'5 space but not b-T'; space

(2) let (k;,1,) = (¢, {@}) and (k,,1,) = ({&}. {e}), (K,
1), (ky, L) e (F, &) and (k1)) # (ky, L,); there
exists BESO(H, ¥) = ({0}, {¢, @}) and (F,,%,)
= ({o}, {®}), (%,,%,) = (¢, {& o}) because of this
gb(b-gs)-T, space but not gb(b-gs)-T

(3) let (ki 1) = ({8}, {e}) and (k1) =
(7, %9)=({&h{@}) and (F#,,%,) = ({@},{e}),
(ki 1), (kz,l )e(H,Z) and (k1)) # (ky, 1), and
(#, 7)=(%,{e}) and (@, 7") = (¢, {&, @}); then,
it is clear that (k;,I,) e (%, f) and (k,,1,) € (G,
). After that, we can declare it to be gb(b-gs)-
T, space but not gb(b-gs)-T; space

(4) let (7, 7,) = (¢ {e}), (7, 75) = ({&}. {@}), (F1,
g1) = ({@}, {a}), and (75, ©,) = ({§}, {§, @}). Oth-
erwise, we might officially declare it to be gb(b-gs)-T,
space but not binary-T, space

(5) let (k1) =({&},¢) and ( 1) =
(%5 F) = ({E}: {8 @}), (F,

(¢, {¢}). Let

({@}, {@}),
%)= ({&), {o}), and
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(F,,%,) = ({@}, {& @}). Thereafter, we can formally
declare it to be gb(b-gs)-T; space but not gb(b-gs)-T,
space

Theorem 18. Let T § (K, 1) and (&£, o) to be gs-T; spaces if
and only if BT S(H, L, T yy(30) X O.u (7)) 1 called a b-gs-Tj.

Proof. Suppose (#,71) and (&, 0) are gs-T; spaces. Let
(H, %) eXxL and (H,F)CH*xZL be a BESE
(F, LVe(K - H x L - F). Therefore, ke #, 1€ Z and
H <K, <L Even before (¥, 1) is gs-T5, there exists
disjoint #,, %, € 1, keF|, and # < F,. Also, even before
(Z,0) is gs-T, there exists disjoint &, %, co, 1€¥,,
and 7 € &,. This implies that (%, %) € (#,,¥¢,) and (¥
F) €(F,,%,). Even before F, and &, are disjoint €S0,
we have #, N F, = ¢. Also even before &, and &, are dis-
joint €80, we have €, NE, =¢. Thus, (F,NF,, ¢, NE,)
= (¢, ¢). Ergo (#,,%,) and (F,, &,) are disjoint BLSO.
This implies that (¥, Z, T 4(3) X 0 4 (z)) is b-gs-T5.
Conversely, assume that (F, &, T () X 0 4()) is b-gs-
T,. Let ke & and # be a £SE subset of (%, T) Let le&
and # be a subset of (£,0). Therefore, (#,Z)e X xZL
and (%, 7) is BGSEC in (K, LT yx) X 0.u(s))- Even
before (F, 2,7 y9) % O () is b-gs-Ts, there exists
disjoint €80(%,,¢,) and (%,,%,) such that
(H,L)e(F,,%,) and (% F)<(F,,%,). Ergo ke #, and
HCF,, leg, and F <G, This consistently shows that
(#,7) and (8, o) are gs—T3 spaces. O

Theorem 19. A BESE subspace of a b-gs normal space is
b-gs normal.

Proof. Let (2, &) be a BESE subspace of a b-gs normal
space. Let (%, 7,) and (#,, 7,) be disjoint BESE subset
of (2, &). Even before (2, &) is BESE in (K, <L), (¥,
JF,) and (#,, 7,) are BESE in (H,Z). Even before
(X,Z) is b-gs normal, there exists disjoint BESO
(#,%)) and (%,,%,) in (#,%), such that (#,, 7))
C(F,,%¢,) and (#,, F,) <(F,,E,). Even before (2, &)
contains both (%), #,) and (#,, 7,), we have (%, 7,)

C(DEN(F.G), (H5F,)<(D,E)N(F,F,), and
(2.8) n (7,%))) N (2,8) N (#,%,) = (¢, ¢). Even
before (%#,,%,) and (%,,%,) are BESO in (X,2),
(2,8)n(F,,¢,) and (2,8)N(F,,%,) are BESO
in (2,9). hus in the subspace (2, &), we have disjoint
%’?S@(( ,&)N(F,,%,)) containing (%, 7,) and (&
&) N (F,,%,)) containing (¥, #,). Ergo the subspace (2,
&) is b-gs normal. O

Theorem 20. Let T8 (#, 1) and (&, o) be gs-T, spaces iff
the BT S(F, L, yy(90) X O.u(z)) s called a b-gs-T,.

Proof. Suppose (#,1) and (&, o) are gs-T, spaces. (#,
JF,) and (%5, 7,) are disjoint pair of BESE in (X, Z,
M). Then, %, , are disjoint ESE in (¥, 1) and 7,
F, are disjoint €S in (Z,0). Even before (%, 1) is gs-
T,, there exists disjoint €80 in F,, F, €1, #, < F,, and
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F, < F,. Also, even before (Z,0) is gs-T,, there exists
disjoint &, %, €0, £, C&,,and #, C Z,. This implies that
(#1, 7)< (F,€,) and (%>, F,) € (F,, E,). Even before
F, and &, are disjoint €80, we have F, N F, =¢. Also
even before &, and &, are disjoint €50, we have &, N &,
=¢. Thus, (F1NF,, &, NE,)=(¢,¢). Hence, (%,,%;)
and (%,,%,) are disjoint BESO. This implies that (F
LT ) X 0%(3)) is a b-gs-T,.
Conversely, assume that (F, &, T () X 0 4()) is b-gs-
T,. Let #,, %, be disjoint €8 in (¥,7) and 7,, 7, be
disjoint 8% in (Z,0). Then, (#,, 7,) and (¥, 7,) are
BEGSE in (K, L, y(9) % .u())- Even before (¥, <,
T () X O.u(z)) is b-gs-T,, there exists disjoint BLZSO
(%, %,) and (%,,%,) such that (#,, 7,) < (#,,%;) and
(Hy, Fy) € (F,,8,). That is, |, < F,, #,<F, and 7,
€%, 7,<%, Hence, (#,71) and (&, o) are gs-T, spaces
O

Theorem 21.

(1) Let TS (#,1) and (£,0) be g-T; spaces iff BT S
(F, LT ) X O () s called a gb-T;

(2) A ERBE subspace of a gb-normal space is gb-normal

(3) Let TS (#,1) and (£,0) be g-T, spaces iff BT S
(F, LT () X O () s called a gb-T,

Proof. Proof of (1) to (3) follows from Definitions 13 and 14
and Theorems 18, 19, and 20. [

4. bsg-T, bsg-T,, and bsg-T, Spaces

The aspects of b-sg-T, b-sg-T,, and b-sg-T, spaces are
established, and some of their corresponding characteriza-
tions are studied in the section.

Definition 22. A BT S(K, <L, M) is called a binary semi
generalized-T|, (briefly, bsg-T ) if for any two jointly distinct
points (ky, 1), (ky, ) € # x Z, there exists BSEO(H, F)
such that exactly one of the following holds:

(i) (ky, 1)) € (Z, 7). (ky, by) € (K =, L - F)
(i) (k. ) €(F -, L = ), (kp, ) € (X, F)

Definition 23. A BT S(K, <L, M) is called a binary semi
generalized-T, (briefly, bsg-T,) if for every two jointly dis-
tinct points (ky, 1), (ky, 1) € ' x L with x; #x,, ¥, £
there exists BSECO(K, 7) and (Q, W) with (k, 1) e (X

F) and (k,,1,) € (Q, W) such that (k,,1,) e (X -H, <L -
I)s (k) € (K -Q.ZL-W).

Definition 24. A BT (K, L, M) is called a binary semi
generalized-T), (briefly, bsg-T),) if for every two jointly dis-
tinct points (k. 1), (ky, ) € #x &, with k, £k, 1, #1,,
there exists disjoint BSEO(H, F) and (Q, W) such that
(ki) € (7, 7) and (ky, 1) € (Q, 7).

Theorem 25. Let (K, L, M) be a BT S; then, for

(1) every binary-T is b-sg-T
(2) every binary-T is b-sg-T,
(3) every binary-T, is b-sg-T,
(4) every b-sg-T, is b-sg-T,
(5) every b-sg-T, is b-sg-T,
(6) every b-sg-T, is b-sg-T,

Proof.

(1) Let (#,Z) be a binary-T, space and (k;,I;) and
(k,,1,) be a two distinct points of (#,Z); as
(#,&) is binary-T, space, there exists BOS
(#, 7) such that (k;, 1) € (#, 7) and (k,,1,) € (%
-#,% - 7). Even before every BOS is BSELO
and ergo (%, F) is BSEO such that (k, 1) € (#
F) and (ky, L) e (X -H,ZL - F), ergo (X, %) is
b-sg-T, space

(2) Proof of (2) to (6) is obvious

O

Example 3. Let # ={&, @} and & ={¢,

={(¢¢), {a}, {&}), (¢ {@,0}), {@}, £), (Z,
BT from F to L.

®,Q}. Clearly, /4
L)} is a

(1) Let (k,,[) = ({@},{&}) and (k5 1L)=({&}.{e}),
(ki 1), (ky, L) € (K, &) and (ky, 1) # (ky, L,); there
exists b-sg-open set (%, %) = ({@}, {&, @}); then, it
is b-sg-T, space but not b-T|, space

(2) Let (#, F) = ({&}, {§, @}) and (@, 7") = ({@},
)1

~

it3
ob). Let (k1) = ({8}, {@}) and (kL) = ({o},
10D (k) (k) € (F.2) and (k1) # (K,
L,); then, it is clear that (k,[;) € (%, ]) (kz,l ) eE
(7%, 7) and (kpbL)e(Q.7), (kL) ¢ (Q.).
Then, we can say that it is b-sg-T, space but not
binary-T, space

Let (7, F)=({@},{§ @}) and (Q,7)= (¢, {e})-
Let (ky,1,) = ({@}, {@}) and (k,,1,) = (¢, {e}), (K,
L), (ky, ) € (K, &) and (k, 1)) # (ky, 1,); then, it is
clear that (k.)€ (Z, %), (k,,L,) ¢ (#, 7) and
(ky, L) e (Q, W), (ki, 1)) ¢ (Q, 7). Then, we might
declare it to be b-sg-T, space but not binary-T,
space

Let (7, 7) = ({@}, {@ ¢}) and (@, 7) = ({§}, Z).
Let (k, ) = ({@},{§}) and (ky, 1) = ({§}. ¢), (ky
L), (ky, L) e (#, &) and (k. 1)) # (k,, 1,); then, it
is clear that (k.,I,)e (%, %), (k)¢ (%, F)
and (k,,L,) € (Q, ), (k\,1,) ¢ (Q, 7). Afterward,
we could declare it to be b-sg-T, space but not
b-sg-T, space

—~
w
~

(4

~



(5) Let (k. 1) =(¢,{8}) and (k;, L) =

2
(7, 7) = ({@}, {&}) and (@, 7") = (¢, {@ a})s (ki
1), (ky, L) € (#, &) and (ky, ;) # (ky, ,); then, it is
clear that (k,,l,) € (%, %) and (k,,1,) € (Q, ).
We might then proclaim it to be b-sg-T|, space but
not b-sg-T, space

(6) Let (#, 7)=({¢},{@,¢}) and (@, 7) = ({@},
®}). Let (k, 1) = ({&} {e}) and (kyh)=({
{&1), (ki ), (ky 1) € vl

({&},{e}). Let

it3
@},
(#,&) and (k1)) # (ky,

1,); then, it is clear that (k;,1,) € (Z, %), (k,, 1) ¢

(7, 7) and  (kyL) € (@), (k1) ¢(Q 7).
Then, we can say that it is b-sg-T, space but not
b-sg-T, space

Theorem 26. A BT S(H, %L, M) is a

(1) b-sg-T, space if and only if every binary point is B
SEE

(2) b-sg-T,, then (K, M) is sg-T, and (&L, M) is
sg-Ty

(3) Ifa BT S(K, L, T y(30) X O u()) is called a b-sg-T,
then the T8 (X, ) and (£, 0) are sg-T,

(4) b-sg-T,, then (K, M) is sg-T, and (&L, M) is
sg- T

Proof. Proof of (1) to (4) follows from Definitions 22, 23, and
24 and Theorems 8, 9, 10, and 11. O

5. b-sg-T; and b-sg-T, Spaces

The initiation of binary semi-T; and semi-T, spaces by uti-
lizing b-sg open sets and their properties are examined in
this segment.

Definition 27. A BT (K, <, M) is called a b-sg-T’; or b-sg
regular if (%, &, M) is b-sg-T, and for every (#,L) eX
x & and every BSEC(H, 7) € K x & such that (¥, L)
(K -H, &L - F7), there exists jointly disjoint BSEO
(%1, %)), (%,,%,) such that (%, %) €(F,,9,), (¥, F)
< (%, %,).

Definition 28. A BT S(K, L, M) is called a b-sg-T, or b-sg
normal if (%, &, M) is b-sg-T, and for every pair of jointly
disjoint BSEC(# |, ), (A,, B,), there exists jointly dis-
joint BSEO(F,, &), (F,, &,) such that (%, F,) < (F
©,) and (7, 7,) € (%2, %))

Theorem 29.
(1) Every binary T is b-sg T
(2) Every b-sg T is b-sg-T ) space
(3) Every b-sg T; is b-sg-T, space
(4) Every binary normal space is b-sg T,
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(5) Every b-sg normal space is b-sg T';

Proof. Proof of (1) to (5) follows from Definitions 27 and 28
and Theorem 17. O

Example 4. From Example 3,

(D) let (7, .7)=({&}{a}), (kD) =(¢{E}), (F1,%))
= ({@}, {§}), and (7, ©3) = ({&}, {@ @}); then, it
is b-sg-T; space but not b-T; space

(2) let (k. 1) = (¢, {@}) and (k,, ;) = ({}. {e}), (K,
L), (ky, L) e (H, &) and (k. 1)) # (ky, 1,); there
exists BESO(K, 7)=({@},{¢ @}) and (F,,%,)
= ({0}, {@}), (72, %,)=(¢.{8,@}); then, it is b-
sg-T, space but not b-sg-T,

(3) let (k1) = ({8}, {8}) and (ky,1,) =

(71, %) = ({@},{§}) and (F,,9,) =
(kp, 1), (ky, L) € (K, %) and (k1) #
(Z, 7)=(#,{§}) and (@)W)=( {@,¢}); then,
it is clear that (k.)€ (#, 7) and (k,,1,) € (@,
W’). Then, we can say that it is b-sg-T2 space but
not b-sg-T'; space

4) let (Z1, F1) = ($:A8}), (Z5, 75) = ({E), {@}), (F,
%,) = ({0}, {£)),and (%, &) = ({€}. {@. 0} ): then,

it is b-sg-T, space but not binary-T, space

(5) let (k1) = ({8}, {@}) and (%, 7,) = (¢, {E}), (%,
S) = (o}, ¢), (71, %)) = ({8}, {@,0}), and (F,
Z,) = ({@}, {&}). Then, we can say that it is b-sg-T
space but not b-sg-T, space

(¢, {Q}). Let
({&} {@.e}),
(k,,1,), and
> Q

Theorem 30.

(1) Let TS (K, 1) and (£, 0) be sg-T; spaces if and only
if BT S(H, L, g0y X O.uy)) is called a b-sg-T

(2) A BSEEC subspace of a b-sg normal space is b-sg
normal

(3) Let TS (K, 1) and (£, 0) be sg-T, spaces if and only
if BT S(H, L, y(50) X () s called a b-sg-T,

Proof. Proof of (1) to (3) follows from Definitions 27 and 28
and Theorems 18, 19, and 20. O

6. Conclusion

We defined a few separation axioms in binary topological
spaces with respect to binary points of a binary topological
spaces, compared their characteristics with those of the
existing spaces, and established a few theorems in the paper.
The separation axioms, namely, g(gs)-T), g(gs)-T;, g(gs)-T5,
g(gs)-T, and g(gs)-T,, are extended to BTI §. The per-
ceived result is gb(b-gs)-T, = gb(b-gs)-T; = gb(b-gs)-T,
= gb(b-gs)-T, = gb(b-gs)-T,. Eventually, we identified
sg-T,, sg-T,, sg-T,, sg-T5, and sg-T, spaces extended to
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BT S. In our future work, we will extend these structures to
infer various results such as binary urysohn space and binary
tychonoft space in binary topological spaces.
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