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Abstract. In this paper, we study all kinds of open sets introduced in bi-generalized
topologica spaces, namely, i (m,n)-Semi Open Sets, U, n)-Pre Open Sets, fi(y, »y-regular
OpeN Sets, Um,n)--0PeN SES, Li(m ny-B-0PEN SELS, [i(;n,»)-0PeN Sets, (M, n)-open sets and
quasi generdized open sets and investigate some of their properties. We choose pi(;,n)-
semi open set as the bases open set for our investigation and compare the relationships
between the u, »)-semi open sets and other open sets in this bi-generalized topological
spaces.
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1. Introduction
Kely [17] initiated the concept of bi-topological spaces (briefly, Bi-TS) in 1963 and
thereafter many mathematicians generalized the topological ideas into bi-topological
settings. Some open and closed sets in Bi-TS were defined by severd authors
[1,14,25,26,28,30]. Csaszar [7] introduced the concept of generalized neighborhood
systems and generalized topological spaces (briefly, GTS). Research in GTS s ill a hot
area of research in which researchers introduced several types of continuity, compactness,
homogeneity, and sets are extended from ordinary topologica spacesto include GTS. Asa
generalization of Bi-TS, Boonpok [4] introduced the concept of bi-generalized topological
spaces (briefly, Bi-GTS) and studied (m, n)-closed sets and (m, n)-open sets in Bi-GTS.
Also, several authors[3,8,11,12,16,23,27] further extended the concept of various types of
closed setsin Bi-GTS

In the literature, different types of open setsin Bi-GTSwere defined by several authors
[5,15,21]. Murugaliingam and Gnanam [22] introduced the boundary set on Bi-GTS
Further, Sompong [29] defined the dense set in Bi-GTS. Zakari [32] defined the amost
homeomorphism on Bi-GTS Also, the authors [9,18] introduced the various types of
continuous functions in Bi-GTS. Gnanam [13] introduced a new kind of connectednessin
Bi-GTS. In this Bi-GTS separation axioms were defined by several authors [10,19,24,31].
Recently, Ghour [2] introduced certain covering properties and minimal setsin Bi-GTS,
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In this paper, we studied al kind of open sets introduced in Bi-GTS namely, fi(y, n)-
SeMi OPEN SELS, [i(1n,1)-Pre OPen SetS, U (m,x)-regular Open Sets, fi(;, )-a-0PeNn SEts, i m,n)-
B-open Sets, [inn)-open sets, (m, n)-open sets and quasi generalized open sets and
investigated some of their properties. Also we investigated the relationships between the
K(m,ny--SEMI open sets and other open setsin Bi-GTS

2. Preliminaries

Definition 2.1. [7] Let X be anon-empty set and |et we denote P(X) be the power set of X.
A subset 4 of P(X) is said to be a generalized topology (briefly, GT) on X, if it satisfying
the following axioms:

(1)@ ep.

(2) An arbitrary union of elements of u belongsto u.

If uisaGT on X, then (X, u) iscalled a generalized topological space (briefly, GTS). The
elements of u are called u-open sets and the complements of u-open sets are called u-
closed sets.

Definition 2.2. [6] Let (X, u) bea GTSand A < X. Then, the u-interior of A, denoted by
int,(A), is the union of al u-open sets contained in A. The u-closure of A, denoted by
cl, (A), istheintersection of all u-closed sets containing A.

Theorem 2.1. [6] Let (X, u) beaGTSand A< X. Then,
(1) cl, (A) = X-int, (X - A).
(2) int, (A) = X-cl,(X-A).

Proposition 2.1. [20] Let (X, 1) beaGTSand A, B € X. Then, the following properties
holds:

(1) cl, (X- A) = X-int,(A) and int, (X - A) = X - cl,(A).

(2) If (X-A) € p, thencl,(A) = Aandif A€ pu, thenint, (A) = A.
(3) If Ac B, thencl, (A) € cl,(B) and int, (A) S int,(B).

(4) If Ac cl,(A) and int, (A) € A.

(5) cly(cl,(A) = cl,(A) and int, (int, (A)) = int,(A).

Definition 2.3. [6] A subset A of aGTS (X, ) iscalled
(1) pu-regular openif A= int,(cl,(A)).

(2) u-pre openif A < int,(cl, (A)).

(3) u-semi openif A < cl, (int,(A)).

(4) p-a-open if A < int, (cl, (int,(A))).

(5) u-p-openif A< cl, (int,(cl, (A))).

Definition 2.4. [4] Let X be a non-empty set and u4, u, be generalized topologies on X.

Thetriple (X, uq, ) is said to be Bi-generalized topological space (briefly, Bi-GTS).
The elements of u,,, are called p,,-open sets, where m € {1,2}.
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Definition 2.5. [4] Let (X, uq1, 4,) be aBi-GTSand A be a subset of X. Then, u,,-interior
of A with respect to u,,, denoted by int, (A), isthe union of al u,,-open sets contained

in A. The u,,-closure of A with respect to u,,, denoted by cl,,(A), istheintersection of all
Um-closed sets containing A.

3. Open setsin bi-generalized topological spaces

3.1 f(mn)-SEMI Open sets

Definition 3.1. [4] Let (X, uq, 4,) be aBi-GTSand A be a subset of X. Then, Aissaidto
be a wim,n)-semi open set if A < cl, (int, (A)), where m, n € {1,2} and m # n. The
collection of all i, ,)-semi open setsis denoted by o, ) ().

Example 3.1. Let X = {a,b,c}, 4= {0,{a},{b},{a, b} } and pu,= {@,{a},{c} {a,c}}.
Then, 6¢1.2)(1) = {8, {a}, {b}, {a, b} }

Lemma3.1. If Aand B are um,»)-semi open sets, then A U B isa g, »)-Semi open set.
Proof: Suppose that A and B are um,»)-semi open sets. Then, A < cl,, (int, (A)) and B
c cl, (int, (B)). Snce cl, (int, (A) < cl, (int, (A UB)) and cl, (int, (B)) S
cl, (int, (A UB)), we get A < cl, (int, (A UB)) and B < cl, (int, (A UB)).
Therefore, AU B < cl,, (int, (AU B)). Thus, AU Bisapyn)-Semi open set.

Remark 3.1. If A and B are pi(;,,n)-semi open sets, then in general, AN B need not be a
K(m,n)-Semi open set. This can be seen in the following example:

Example3.2. Let X={a b, ¢, d}, u;= {9, {a}, {b},{a, b},{a,c},{b,c},{a, b,c}} and u,=
{0,{a},{b},{d},{a,b},{a,d},{b,d},{a, b,d}}. If A={a c},B={b,c},then,AnB={c}
¢ 0(1,2)(11)-

Proposition 3.1. Let (X, py, u,) be aBi-GTSand A be a subset of X. If Ais y(y,,)-semi
open set, then cl,, (A) = cl,, (int, (A)).

Proof: Suppose that A is @ pi(;, ,)-Semi open set. Then, A < cl,, (int, (A)). Thisimplies
that cl, (A) < cl, (cl,, (int, (A))) = cl, (int, (A) and so cl, (A) < cl, (int, (A)).
Sinceint, (A)) € A wegetcl, (int, (A)<cl, (A).Thus, cl, (A)=cl, (int, (A).

Theorem 3.3. Let (X, uq, uy) beaBi-GTS If ACB < cl, (A) and AiS iy, »y- SEMi open
set, then B is a i (,,n)-Semi open set.

Proof: Supposethat A is a um,n)-semi open set. Then, by Proposition 3.1, we get cl,,_(A)
= cl, (int, (A). S0 B < cl, (int, (A)). Since A < B, we get cl, (int, (A) <
cl,, (int, (B)). Therefore, B < cl, (int, (B)). Thus, B sy, »)-Semi open set.

Proposition 3.2. Every pp,-open setin (X, up,) is auqm,»)-semi open setin (X, py, py).
Proof: Suppose that A is a uy,,-open set. Then, A = int, (A). Since A < cl,, (A) =
cl, (int, (A)), weget AC cl, (int, (A)). Therefore, Ais tim »)-semi opensetin (X, yy,
H2)-
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The converse of the above proposition need not be true in generd. This can be seenin
the following example:

Example3.4.LetX={a,b,c}, u1= {9, {a}, {c},{a,c} }and u,= {@,{a, b}, {c}, X }. Where
{a b}, Xare p(;,2)-semi open sets, but these are not u,-open setsin (X, uq).

3.2. famn)-Preopen set

Definition 3.2. ([4,15]) Let (X, uq, 4,) beaBi-GTSand A be a subset of X. Then, Aissaid
to be a pi(m n)-pre open set if A < int,,(cl, (A)), where m, n € {1,2} and m # n. The
collection of al pi(,,,)-pre open setsis denoted by 7, n) (1)

Example 3.5. Let X={a b, c, d}, 1= {@,{a}, {b},{a, b}, {a,c},{b,c},{a,b,c}} and
2= {0, {a},{b},{d},{a, b}, {a,d},{b,d},{a,b,d} } Then,
T[(l,Z)(H)z {@, {a}, {b}, {a' b}, {a' C}, {b, C}, {a, bv C} }

Lemma 3.2. If Aand B are u, »)-pre open sets, then A U B iS pi(, ) -pre open set.

Proof: Suppose that A and B are u, »)-pre open sets. Then, A < int,,(cl, (A)) andB <
int, (cl, (B)). Since int, (cl, (A) < int, (cl, (A U B)) and int, (cl, (B)) <
int, (cl, (A U B)), we get A Cint, (cl, (AU B)) and B < int, (cl, (A U B)).
Therefore, AU B < int, (cl, (AU B)). Thus, AU Bisapyn)-pre open set.

Remark 3.2. If A and B are pi(,, »)-pre open sets, then in general, A N B need not be a
K (m,n)-Pre open set. This can be seen in the following example:

Example 3.6. Let X={a b, ¢, d}, u;= {9, {a}, {b},{a, b},{a,c},{b,c},{a, b,c}} and u,=
{0,{a},{b},{d},{a,b},{a,d},{b,d},{a,b,d}}.1f A={a c},B={b,c}, then, AnB={c}
¢ ”(1,2)(!1)-

Proposition 3.3. Every pp,-open setin (X, ) is g q)-pre open setin (X, uq, pz).
Proof: Suppose that A is a u,-open set. Then, A = int,, (A). Since A € cl,, (A), we get
intl.Lm (A) < int, (cl, (A). Therefore, A< int, (cl, (A)). Thus, Aisa pin,q)-pre open
setin (Xl Uis .u2)

The converse of the above proposition need not be true in generd. This can be seenin
the following example:

Example 3.7. Let X = {a,b,c}, 1= {0,{a, b}, {a,c}, X} and u,= {0,{b},{c},{b,c}}
where {b}, {c}, {b, c} are u(,,,)-pre open sets, but these are not i, -open setsin (X, py).

3.3. Wamn)-regular open sets

Definition 3.3. [4] Let (X, uq, 4y) be aBi-GTSand A be a subset of X. Then, Aissaidto
be a pi(mny-regular open set if A = int, (cl, (A)), wherem, n € {1,2} and m = n. The
collection of all pi(, »y-regular open setsis denoted by vy n) (1)-
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Example 3.8. Let X = {a,b,c}, y,= {0,{a, b}, {a,c}, X} and u,= {0,{b},{c},{b,c}}.
Then, Y(l,Z)(:u) = {(Z), {a' b}, {a' C}, X }

Lemma 3.3. If A and B are um,n)-regular open sets, then A U B is @ pi(yn,)-regular open
Set.

Proof: Supposethat A and B are pi(,,, »)-regular open sets. Then, A=int, (cl, (A)) and B
= int, (cl, (B)). Since int, (cl, (A) < int, (cl, (A UB)) and int, (cl, (B)) <
int, (cl, (A UB)), we get A c int, (cl, (A UB)) and B < int, (cl, (A UB)).
Therefore, AU B < int,,_(cl, (AUB)). Anditisclear that int, (cl, (AUB))S AUB.
Therefore, AU B =int, (cl, (AU B)). Thus, AU Bisa pn,n)-regular open set.

Remark 3.3. If Aand B are p,,»)-regular open sets, then in general, A n B need not be a
Kmn)-régular open set. This can be seen in the following example:

Example3.9. Let X= {a, b, c}, u;= {®,{a, b}, {a,c}, X } and u,= {@,{b},{c},{b,c} }. IfA
={a b},B={ac}, then, AnB={a &y )

Proposition 3.4. let Abeau,-closed setin (X, ). Then, Aisapum ny-regular open setin
(X, uq, up) if and only if Aisau,,-open setin (X, iy,).
Proof: Suppose that A is apm,n)-regular open set. Then, A = int,, (cl, (A)). Since Ais
pn-closed set, we get cl, (A) = A. Therefore, A = int,, (A). Hence Aisa p,,-open setin
(X, tam)-

Conversely, supposethat Aisa u,,-open set. Then, A= int, (A). Since Ais u,-closed
set, we get A=cl, (A). Therefore, A = int, (cl, (A)). Hence Aisa pi(y, n)-regular open
Set.

3.4 fmn)-a-0pen sets

Definition 3.4. [4] Let (X, uq, up) be aBi-GTSand A be a subset of X. Then, Aissaid to
be apinny-a-open setif A< int, (cl, (int, (A))), wherem, n€ {1,2} and m # n. The
collection of all pi(, »y-a-open setsis denoted by ap, n)(14)-

Example 3.10. Let X = {a, b, c}, u1= {0,{a, b},{a,c}, X } and u,= {0,{a},{c} {a,c}}.
Then, a(l,Z)(H) = {@, {a' b}' {a' C}'X }

Lemma 3.4. If Aand B are u, »)-a-open sets, then AU B is @y )-a-0pen set.

Proof: Suppose that A and B are pi(;,»)-a-open sets. Then, A < int, (cl,, (int, (A)))
and B < int, (cl, (int, (B))). Since int, (cl, (int, (A))) <€ int, (cl, (int, (AU
B)) and int, (cl, (int, (B) < int, (cl, (int, (A U B)), we get A <
int, (cl, (int, (AU B))) and B < int, (cl, (int, (A U B))). Therefore, AU B C
int, (cl, (int, (AU B))).Thus AU Bisaumn)-a-open set.

Remark 3.4. If Aand B are ji(,, y-a-open sets, thenin general, AN B need not be a iy, ny-
a-open set. This can be seen in the following example:
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Example3.11. Let X = {a, b, c}, ;4= {@,{a, b}, {a,c}, X }and u,= {@,{a},{c},{a,c}}. If
A={ab},B={ac}, then, ANB={a} & a2 ().

Proposition 3.5. Every up,-open setin (X, i) iS @ pim,ny-a-open setin (X, uq, uy).
Proof: Suppose that A is a up,,-open set. Then, A = int, (A). Since A < cl,, (A) =
cl, (int, (A), we get int, (A) < int, (cl, (int, (A)). Therefore, A <
int, (cl,, (int, (A)). Hence Aisap iy y-a-open setin (X, py, f).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example 3.12. Let X = {a, b, c}, u;= {@,{a},{a, b},{b,c}, X } and
t2= {8,{a,b},{a,c},X }. Then, a2y (u)= {@,{a},{a, b}, {a,c},{b,c}, X }. Therefore, {a,
C} IS pi(1,2)-ar-0pen set, but thisis not a uq-open set in (X, uq).

3.5. Unn)-B-0pen sets

Definition 3.5. [4] Let (X, uq1, u,) beaBi-GTSand A be a subset of X. Then, Aissaidto
be a pmny-f-open set if A< cl, (int, (cl, (A)), wherem, n € {1,2} and m # n. The
collection of all (,, )-B-0pen setsis denoted by S, n) (1)

Example3.13. Let X={a b, ¢, d}, u;= {9, {a}, {b},{a, b},{a, c},{b,c},{a, b,c} }and u,=
{0,{a}, {b},{d},{a, b},{a,d},{b,d},{a,b,d} }. Then,
ﬁ(l,Z)(H) = {Q)' {a}, {b}, {a' b}, {a' C}, {b, C}, {a' b, C} }

Lemma 3.5. If Aand B are y, »)-f-open sets, then AU B iS a pi(n ny--0pen set.

Proof: Suppose that A and B are yi(, »)-f-open sets. Then, A < cl,, (int, (cl,, (A))) and
B < cl,, (int,, (cl,, (B). Since cl, (int, (cl, (A)) < cl, (int, (cl, (AU B)) and
cl, (int, (cl, (B))) < cl, (int, (cl, (AU B))), weget A c cl, (int, (cl, (AU B))
andB < cl, (int, (cl, (AU B)). Therefore, AU BC cl, (int, (cl, (AU B))).Thus, A
U Bisapmn)-f-open set.

Remark 3.5. If Aand B are yi,,, y-f-open sets, thenin general, A n B need not be a iy, ny-
B-open set. This can be seen in the following example:

Example3.14. Let X={a b, ¢, d}, u;= {0,{a}, {b},{a, b},{a, c},{b,c},{a,b,c} } and u,=
{0,{a},{b},{d},{a,b},{a,d},{b,d},{a, b,d}}. If A={a c},B={b,c}, then,AnB={c}
& B1,2) (W)

Proposition 3.6. Every up,-open set in (X, um) iSa i ny-B-open setin (X, uq, uz).
Proof: Suppose that Aisaup,-open set. Then, A=int, (A). Since AC cl, (A), weget A
= int, (M) < int, (cl, (A), So cl, (A) < cl, (int, (cl, (A)). Therefore, A <
cl, (int, (cl, (A))). Hence Aisa iy, ny-f-open setin (X, pyq, uy).

106



Study of Open Setsin Bi-generalized Topological Spaces

The converse of the above proposition need not be true in generd. This can be seenin
the following example:

Example3.15. Let X={a, b, c}, u,= {0, {a}, {c}, {a,c} }and u,= {@,{a, b}, {c}, X }. Then,
ﬁ(l,Z)(H) = {(Z), {a}, {b}' {C}' {a' b}, {a' C}, {b' C}, X } Therefore! {b} ) {a1 b} ’ {b! C} ’ X are
K(1,2)-B-open sets, but these are not uy-open setsin (X, ).

3.6. ﬁ(m_n)-open sets
Definition 3.6. [5] Let (X, uq, 4,) be aBi-GTSand A be a subset of X. Then, Aissaidto
be afi;,n)-open set if there existsau,,-open set U of XsuchthatU € A< Clsun(U)' where

Clslln(U) is the intersection of all u,,-semi closed sets containing U. That is, the smallest
Un-semi closed set containing U, wherem, n € {1,2} and m = n.

Example 3.16. Let X = {a,b,c}, u;= {0,{a},{c},{a,c}} and u,= {0,{a, b} {c}, X }.
Then, @,{a},{c},{a, c}, {a, b}, X are i1 ,)-0Open sets.

Lemma 3.6. If Aand B are i, n)-open sets, then AU Bis fiy, »)-0pen set.

Proof: Supposethat A and B are ji(;, »)-open sets. Then, there exists a u,-open set U of X
suchthat U c Ac Clsun(u) andUcBc Clsun(u)' Thisimpliesthat U S AUBC Clsun(u)'
Thus, AU Bisafim,n)-open set.

Remark 3.6. If A and B are ji(;, »)-open sets, then in genera, A N B need not be a fi(, »)-
open set. This can be seen in the following example:

Example 3.17. Let X= {a, b, ¢}, ;= {0,{a, b}, {b,c}, X } and u,= {@,{b},{c},{b,c}}. If
A={a b}, B={b,c}, then, AnB={b} & i, ,)-open set.

Theorem 3.18. Let (X, uq, p,) beaBi-GTSand A be asubset of X. Then, Aissaidto bea
Amny-open setif andonly if AC Clsﬂn(intum (A)).
Proof: Let A be a fim,,)-open set. Then, there exists a up,-open set U suchthat U € A <
ClSun(U)' Since U isu,-open set, we get U = int,, (U) < int,, (A). Thisimpliesthat A <
clsun V) c clsun (int,, (A)). Thus, Ac clsun (inty, (A).

Conversdy, let A © ClSun(intﬂm(A)) and take U = int,, (A). Then, int, (A) S AC
Clsun(intum(A))' Hence A s i, n)-0pen set.

Proposition 3.7. Every upy,-open set in (X, pm) iS afimny-0pen setin (X, uq, tz).
Proof: Supposethat Aisau,,-open set. Then, A=int, (A). SinceAC Clsﬂn (A), weget A
c Clsun(i"tum (A)). Therefore, by Theorem 3.18, we get A i'S ity ny-0pen setin (X, uq, pz).

The converse of the above proposition need not be true in general. This can be seenin
the following example:
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Example 3.19. Let X = {qa,b,c}, u;= {0,{a},{c},{a,c}} and u,= {@,{a b}, {a}, X}
Then, {a b}, Xare ji(; 2)-open sets, but these are not u;-open setsin (X, ).

3.7. (m, n)-open sets
Definition 3.7. [4] Let (X, uq, 4,) be aBi-GTSand A be a subset of X. Then, Aissaidto
bea(m, n)-open set if A=int, (int, (A)), wherem, n€ {1,2} andm=n.

Example3.20. Let X= {a, b, c}, u;= {@,{b},{a, b} }and u,= {@,{a, b},{c},X }. Then, (1,
2)-open setis{a, b}.

Lemma 3.7. If Aand B are (m, n)-open sets, then A U B isa(m, n)-open set.

Proof: Suppose that A and B are (m, n)-open sets. Then, A = int, (int, (A)) and B =
int, (int, (B)). Sinceint, (int, (A) < int, (int, (AU B))andint, (int, (B)) <
int, (int, (AU B)), wegetA < int, (int, (AU B))andB < int, (int, (AU B)).
Then, AU B < int, (int, (AU B)).Sinceint, (AUB)< AU B, wegetint, (int, (A
U B)) cint, (AU B)< Au B. Therefore, AU B = int, (int, (AU B)). Thus AUBIs
a(m, n)-open set.

Remark 3.7. If A and B are (m, n)-open sets, then in general, A N B need not be a (m, n)-
open set. This can be seen in the following example:

Example3.21. Let X={a, b, c}, u1= {0,{a, b}, {b,c}, X }and u,= {0,{a, b}, {b,c}, X }.If
A= {a,b},B={b,c}, then,An B={b} ¢ (1, 2)-open set.

Proposition 3.8. let A beasubset of aBi-GTS(X, uy, 4,) and Ais u,-open setin (X, u,).
Then, Aisa(m, n)-open setin (X, uq, 4y) if and only if Aisa p,,,-open setin (X, up,)-
Proof: Supposethat Aisa(m, n)-open set. Then, A=int, (int, (A)). SinceAis u,-open
set, we get A = int,, (A). Thisimpliesthat A = int, (A). Hence Aisa uy,-open setin (X,
Hon) Conversely, suppose that A isa i, -open set. Then, A= int,, (A). SinceAis p,-open
set, we get A = int, (A). Thisimpliesthat A = int,, (int, (A)). Hence Aisa(m, n)-open
Set.

3.8. Quasi generalized open sets

Definition 3.8. [21] Let (X, u4, 1) be aBi-GTSand A be asubset of X. Then, Aissaid to
be aquas generalized open set (briefly, g,-open set) if for every x € A, then there exist a
Uq-open set U such that x e U € A, or au,-open set V suchthat x e V € A.

Example 3.22. Let X = {a, b, ¢, d}, u;= {@,{a, b} } and p,= {0,{a,c}}. Then, q,-open
setis{a b, c}.

Lemma3.8. If Aand B are q,-open sets, then AU B isagq,-open set.
Proof: Suppose that A and B are g,,-open sets. Then, for every x € A and x € B, then there
exist au,-open set U suchthat xe U S Aandx € U € B, or au,-open set V such that x €
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Vc Aandx e Vc B. Thisimpliesthat for every x € A U B, then there exist a u, -open set
Usuchthatxe UCS AU B, orapu,-openset Vsuchthat xe VS AUB. Thus, AU Bisa
q,-open set.

Remark 3.8. If Aand B are g,,-open sets, thenin general, A N B need not be aq,,-open set.
This can be seen in the following example:

Example 323. Let X = {a b, ¢, d}, yy={0,{d},{a b} {a b,d}} and u,=
{0,{c},{a,d},{a,c,d}}.If A={a bc},B={ac d}, then,An Bz{ac}eq”-openset.

4. Comparison of open setsin bi-generalized topological spaces
We choose i, ) -semi open set as the base open set for the comparison of all open setsin
the Bi-GTS

Proposition 4.1. EVEry pm »)-a-0pen set is a fi(m »y-semi open set in (X, uy, 4z).

Proof: Let A be a punny-a-open set. Then, A < int, (cl, (int, (A)). Take B =
cl, (int, (A)).Letint, (B)betheunionof al opensetscontainedinB, thatis, int, (B)
= U;¢;G;, where G; < B. Then, A €U, ¢, G;, where G;< B. This implies that A < B.
Therefore, A < ¢l (int,, (A)). Hence Aisa iy, »ny-semi open setin (X, py, fz).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example4.l. Let X= {a, b, c}, 1= {0, {a}, {c},{a, c} } and u,= {@,{a},{a, b}, X }. Then,
{a b}, Xare u(;2)-semi open sets, but these are not (4 5)-a-open setsin (X, uq, Uy).

Proposition 4.2. EVEry pm,»)-semi open set is a pim ny-f-open setin (X, uy, tz).

Proof: Let Abea pin,n)-semi open set. Then, A< ¢l (int, (A)). SinceA < cl, (A), we
get cl, (int, (A) < cl, (int,, (cl, (A))). Thisimpliesthat A € cl, (int, (cl, (A))).
Hence A s mny-F-open setin (X, py, ).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example4.2. Let X = {a, b, c}, u1= {0,{a},{c},{a,c} }and u,= {@,{c},{a, b}, X }. Then,
{b}, {b, c} are u( 2)-B-open sets, but these are ot 4 2)-semi open setsin (X, py, Us).

Proposition 4.3. [S] EVery Iy, »)-0pen Set iS a fi(;,,»)-Semi open set in (X, uq, uy).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example4.3. Let X = {a, b, c}, u;= {0, {c},{a, b}, X Y and u,= {@,{b},{c},{b,c}}. Then,
{a c} isapuq,2)-semi open set, but theseisnot a fi(; »y-open setin (X, pq, §2).
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Proposition 4.4. let A be a u,,-closed set of aBi-GTS (X, uq, p2). If AiS pi(mny-pre open
setin (X, gy, p2), then Aisa piiy, ny-semi open setin (X, pq, u)-

Proof: Let Abeaummn)-pre openset. Then, A int, (cl, (A)). SinceAis u,-closed set,
we get A = cl, (A). This implies that A < int, (A) and so cl, (A) < cl, (int, (A)).
Therefore, A Scl, (int, (A)). Hence Aisa iy, ny-semi open setin (X, pq, fz).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example 4.4. Let X = {a, b, c}, ;= {@,{a},{c},{a,c}} and u,= {@,{c},{a, b}, X} and
aso {a b}, X are p,-closed sets. Then, {a, b}, X are pi(4 »)-semi open setsin (X, uy, @),
but these are not 4, »y-pre open setsin (X, piy, fy).

Proposition 4.5. let A be a u,,-closed set of aBi-GTS (X, pyq, up). If Alisapmq)-regular
open setin (X, uq, Uz), then Aisa pm, ny-semi open set in (X, piy, fy).

Proof: Let Abea pinn)-regular open set. Then, A=int, (cl, (A)). Since Ais u,-closed
set, we get A = cl, (A). Thisimpliesthat A = int, (A). Since A < cl, (A), we get A <
cl,, (int, (A)). Therefore, A < cl, (int, (A)). Hence Ais a iy, ny-semi open set in (X,
K1, H2).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example 4.5. Let X = {a, b, c}, y;= {0,{a},{c},{a,c}} and u,= {@,{c},{a,b}, X} and
aso {a b}, X are u,-closed sets. Then, {a, b}, X are u(;,5)-semi open setsin (X, uq, f2),
but these are not (1 »y-regular open setsin (X, uy, i1y).

Proposition 4.6. let A be au,,-open set of aBi-GTS (X, uq, py). If Aisa(m, n)-open setin
(X, p15 p2), then Alis a pm,)-semi open set in (X, gy, f2).

Proof: Let Abea(m, n)-opensetin (X, uq, uz). Then, A=int, (int, (A)). SinceAis uy,-
open set, we get A = int,, (A). Thisimpliesthat A = int,, (A). Since A < cl, (A), we get
Accl, (int, (A)). Therefore, A< cl, (int, (A)). Hence Aisa i (y,,)-Semi open setin
(X, p1, ).

The converse of the above proposition need not be true in general. This can be seenin
the following example:

Example4.6. Let X = {a, b, c}, u;= {0, {a}, {c},{a,c} } and u,= {0,{c},{a, b},{a,c}, X}
and aso{a, b}, X are u,-open sets. Then, {a, b}, X are p(; 5)-semi open setsin (X, py, u),
but these are not (1,2)-open setsin (X, tq, Us).

Sincethe quasi generalized open set is defined by i, -open set or u,-open set. So thiscannot
be compared with p, »)-semi open set.
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[ Hm,ny--0Open ]
K (m.ny-Tegular open
which is also pu,-closed H(m,n) OPEN

Eim, ny~Pre open (m, n)-open
which is also u,-closed which is also uyp-open

[ .u{r."_.n}_ﬁ_open ]

Figure4.1: Relationships between the u,, »)-semi open set and other open setsin Bi-
GTS

5. Conclusion

In this paper, we studied all kind of open sets in Bi-GTS namely, i, »)-Semi open sets,
Hm,n)-Pre open sets, .u(m,n)'regl'llar open Sets, Um,n)-ct-Open Sets, Uam,n)-f-open sets,
A m,n)-0pen sets, (m, n)-open sets and quasi generalized open sets and investigated some
of the properties of these open sets. Also we compared the rel ationshi ps between the i, 1)
semi open set and other open setsin Bi-GTS.
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