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Abstract
The aim of this paper is to introduce the concept of semi generalized B-closed Sets and semi
generalized p-open Sets in BiCech closure spaces and investigate their characterizations.
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1. Introduction

Cech spaces were introduced by Eduard Cech @ (i.e., sets endowed with a grounded,
Extensive and additive closure operators) and studied by many others > 19, BiCech closure
spaces were introduced by K. Chandrasekhara Rao, R Gowri and V. Swaminathan £,

N. Levine [ introduced g-closed sets. D. Andrijevic M initiated the study of p-open sets and
B-closed sets. In this paper we introduce the concept of BiCech sgB- closed sets and BiCech
sgp- open sets and discuss some of its properties.

2. Preliminaries

Definition 2.1

Two maps ki and k, from power set X to itself are called BiCech closure operator on X and
the pair (X, ki,k») is called a BiCech closure spaces if the following axioms are satisfied

1 ki(9) =0 &k2(9) =0
2.Acki(A) &Acks (A)forevery Ac X
3. ki(Aw B)=ki(A) v ki(B)and ko( A — B)=ks(A) — ko(B) forall ABc X.

Definition 2.2 ¥ A subset A in a BiCech closure space (X, k1, k) is said to be
1. ki-regular open if A = int KL A) i=1,2

2. ki -regular closed if A =k, (int L A) i=1,2

3. ki-semi open ifA < k (nt , (A) ,i=1,2

4, ki-semi closed if int Lk A) c A i=12

5. ki-pre openif A < int k) i=1,2

6. ki -pre closed if k (nt , (A) c A,i=1,2
7.ki-aopenifA cint, (k (nt , () ,i=1,2

8. ki-aclosed ifk (it , k,(A) < A,i=12

9. ki -p open if A ¢ k,(int ok A) i=12

10. ki -B closed if int , (k (nt , (A) < A,i=1,2.

Definition 2.3: A subset A of a BiCech closure space (X, ki, k2) is called biclosed if kiA = A
= koA and called biopen if its complement is biclosed.
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Definition 2.4: A subset A of a BiCech closure space (X, ki, k») is said to be (ki, k2)-g biclosed if ko(A) € G whenever A € G
and G is ky open set in X.

Definition 2.5: A subset A of a BiCech closure space (X, ki, k) is said to be (K1, kz)-ngo biclosed if ka,(A) € G whenever A ©
G and G is ky @ -open set in X.

Definition 2.6: Let (X, ki, k2) be a BiCech closure space. A subset AC X is said to be (ki, k2)-w -biclosed set if ko(A) S G
whenever A € G and G is ki semi-open set in X.

3. (K, k2)-sgp closed sets
Definition 3.1: Let (X, ki, k2) be a BiCech closure space. A subset AC X is called (ki, ko)-sgB closed set if ko(A)SG
whenever ACG and G is semi-open subset of (X,k1) where kop(A) is the smallest B-closed set containing A.

Theorem 3.2: Every biclosed set is (ki, k2)-sgP closed set.

Proof: Let G be a semi open subset of (X, ki) such that A < G. Since A is biclosed ki (A) = ka(A) = A. Therefore kp (A) < ki-
(A) =k2(A)=A c G, i.e) kap (A) < G where G is semi open in ( X, ki) which implies A is (ki,k2)- sgp closed set.

Remark 1: The Converse is not true as can be seen from the following example.

Example 3.3: Let X = {a,b,c} and let k; and k, be defined as:
ki{p} ={o}, ki{a}= ki{a,c} = {a.c}, ki{b}= ki{b,c}={b,c}, ki{c}={c}, kifa,b}= ki{X} =X, ka{o} ={o} kofb} = {b}, ko{a} =
ko{a,b} = {a,b}, ko{c}=ko{b,c} = {b,c}, ko{a,c} = ko{X} =X. Now (X, ki kz) is biCech closure space.

(K1, k2)-sgPB closed set={X, o, {a}, {b}, {c}, {a,b}, {b,c}}
Biclosed set={X, o, {b,c}}

Here A={a, b} is (ki,k2)- sgp closed set but not in Biclosed set.
Theorem 3.4: Every g-biclosed set is (ki, k2)- sgP closed set.

Proof: Let G be a semi open subset of (X, ki) such that ACG. Since A is g-biclosed set ko(A) G. Therefore kop (A) < k2(A) <
G, i.e., kop (A) €G, where G is semi open subset of (X,ki1). Therefore A is (ki, k2)- sgP closed set.

Remark 2: Converse of the above theorem need not be true which can be seen from the following example

Example 3.5: Let X={a, b, c} and let k; and k; be defined as:

ki{o} ={o}, ki{a}= {a}, ki{b} = ki{a, b}={a, b}, ki{c}= ki{a, c}= {a, c}, kufb, c}= ki{X} = X, ka{op} ={0}, ko{a}= {a},
ko{b}=ko{c} = ko{b, c} = {b, c}, ko{a, c} = ko{a, b}=ko{X} =X. ( X, ki, k2) is bi Cech closure space.

(k1, ko)- sgP closed set={X, o, {a}, {b}, {c}, {a, b}, {b, c}, {a, c}}

g-biclosed set={X, o, {a}, {a, b}, {b, c} {a, c}}

Here {c} is (ki,k2)- sgP closed set but not in g-biclosed.

Theorem 3.6: Every nga-biclosed set is (ki, k2)- sgP closed set.

Proof: Let G be a semi open subset of (X, ki) such that ACG. Since A is nga--biclosed set ky.(A) € G. Therefore kop (A) <
kau(A) < G, i.e., kap (A) SG, where G is semi open set in (X,K1). Therefore A is (ki, ko)- sgP closed set.

Remark 3: Converse of the above theorem need not be true which can be seen from the following example

Example 3.7: Let X={a, b, c} and let k; and k. be defined as:

ki{o} ={o}, kifa}= {a}, ki{b} = ki{a, b}={a, b}, ki{c}= ki{a, c}= {a, c}, ki{b, c}= ki{X}= X, ka{@}={¢}, ko{a} = {a},
kaof{b}=ko{c} = kofb, c} = {b, c}, ko{a, c} = ko{a, b}= ko{X} =X. Now (X, ki, ko) is bi Cech closure space.

(K1, k2)- sgp closed set={X, o, {a}, {b}, {c}, {a, b}, {b, c}, {a, c}}.
nga-biclosed set={ X, o, {a}, {a, b}, {b, c}, {a, c}}
Here {c} is (ki, k2)- sgP closed set but not in rga-biclosed set.

Theorem 3.8: Every w-biclosed set is (ki, k2)- sgp closed set.
Proof: Let G be a semi open subset of (X, ki) such that ASG. Since A is w-biclosed set ka(A) SG. Therefore kop (A) < ka(A)
c G, i.e., kap (A) =G, where G is semi open subset of (X,kz). Therefore A is (ki,k2)- sgP closed set.

Remark 4: Converse of the above theorem need not be true which can be seen from the following example

Example 3.9: Let X={a, b, ¢} and let k; and k be defined as:
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ki{p} ={¢}, ki{a}={a}, ki{b}= ki{a, b}={a, b}, ki{c}= ki{a, c}= {a, c}, ki{b, c}= ki{X} = X, ka{o} ={¢}, ke{b}={b, c},
ko{c} = ko{a, c}={a, c}, kz{a, b} = kafb,c}= ko X} =X.

(X, ki k2) is biCech closure space.

(k1,k2)- sgP closed set={X, ¢, {a},{b}, {c}, {a, b}, {b, c}, {a, c}}

w-biclosed set={X, ¢, {b, c}, {a, c}}

Here {a} is (ki, k2)- sgP closed set but not in w-biclosed.

From the above results we have the following implications.

w-Biclosed

noo-Biclosed

o

g-Biclosed

Proposition 3.10: Let (X, ki,kz2 ) be a bi Cech closure space. If A and B are (ki,kz)- sgp closed subsets of ( X, ki,kz ), then A
w  Bis (ki,kz)- sgp closed.

Proof: Let G be an semi open subset of (X,k1) such that A~ B < G. Then A < G and B < G. Since A and B are (ki, k2)- sgB
closed, kap(A) = G and kag( B) = G, Consequently kag (A « B) = ks (A) w ks (B) = G. Hence (A © B) is (ki, k2)- sgB
closed.

Proposition 3.11: Let (X, ki,kz2 ) be a biCech closure space and if A is (ki,k2)- sgp closed subset of ( X, ki,kz ) then kaop (A) — A
contains no nonempty ki semi closed set.

Proof: Let F be a nonempty ki semi closed set such that F < kas(A) —A. Now Fc kop(A) and F = A°, A < FC. Since A'is (Kq,kz)-
sgP closed, F¢is ki semi open, kzp (A)  F°. Consequently, F < [kzp (A)]° and F < kap(A) »  [kap (A)]° = ¢. Hence F = .

Proposition 3.12: Let A be (ki, k2)-sgp closed set and if A is ki semi open then A = kop (A).

Proof: Let A be (ki,kz)- sgp closed subset of a biCech closure space ( X, ki,kz) and let A be ki semi open. Then kzs (A) = G
whenever A — G and G is ki semi open in X. Since A is ki semi open and A < A, we have kas (A) < A. But A < kas (A).Thus
A=k (A).

Proposition 3.13: Let (X, ki, k2) be a biCech closure space. If A is (ki,kz)- sgp closed and F is semi biclosed in ( X, ki,k2 ),
then A N F is (K1,k2)- sgp closed.

Proof: Let G be an semi open set of (X, ki) suchthat AN Fc G.Then Ac G « (X -F). Since A is (ki, k2)- sgp closed and
Guv (X —F)isansemiopen subset of ( X, ki), kos (A) = G (X —F). Since F is semi biclosed subset of (X, kz), kas (AN F)
c G. Consequently kop (A F) < G. Thus A n Fis (ki, k2)- sgP closed.

Proposition 3.14: Let (X, ki, k2) be a biCech closure space. If A is (ki, k2)- sgp closed set and B is any set Ac Bc kap (A),
then B is (K1,k2)- sgP closed set.

Proof: Let G be an semi open subset of (X, ki) such that B < G. Then A < B which implies A < G. Since A is (ki, k2)- sgB
closed and A < G then kzp (A) < G. Hence B is (K1, ko)- sgB closed set.

Proposition 3.15: Let ( X, ki,kz ) be a biCech closure space and if A is (ki,k2)- sgB closed subset of (X, ki,kz), then kig(x) N A
# @ holds for each x € kop (A).
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Proof: Let A be (ki k2)-sgP closed set. Suppose kip(X) N A = ¢ for some x € kap(A). we have Ac [ kip (X)]°. Now kip (X) is ki
semi closed. Therefore [kip (X)]° is ki semi open. Since A is (K1, k2)- sgB closed set, kop (A) < [ kip (X)]° which implies kop (A)

M ki (x) = ¢. Thus x does not belong to ks (A) which is a contradiction. Hence ki (X) " A # ¢ holds for each X € kag (A).

Proposition 3.16: Let (X, ky,kz2) be a biCech closure space, for each x in X, { x } is ki semi closed or {x}° is (ki,k2)- sgp
closed.

Proof: Let ( X, ki,k2 ) be a biCech closure space. Suppose that { x} is not ki semi closed set, {x}° is not k; semi open. Since
the only ki semi open set containing {x}° is X. Thus {x} ¢ < X. Now kop {x}° < kop (X) = X. Hence {x}° is (ki,k2)- sgf closed.

Proposition 3.17: Let A < Yc X and suppose that A is (ki, ko)- sgpB closed (X, ki,k2). Then A is (ki,k2)- sgp closed relative to
Y.

Proof: Let S be any ki semi open in Y such that A = S. Then S=G N Y for some G which is
ki semi open in X. Therefore A< G n'Y implies A < G. Since A is (ki, k2)- sgp closed set in X, We have kop (A) < G. Hence
Y Nk (A) Y G =S. Thus A is (Ki,kz)- sgP closed relative to Y.

4. (ki, k2)-sgp open sets 5
Definition 4.1:A Subset A in biCech closure space ( X, ki,kz ) is called (ki,k2)- sgB open set if A®is (Ki,k2)- sgp closed set in (
X, ki,kz).

Proposition 4.2: Let (X, ki, kz) be a biCech closure space. Then A is (kKi,k2)- sgB open subset of ( X, ki ko) if and only if F < X
—kap (X —A) for every F is semi closed subset of ( X, ki) with Fc A.

Proof: Assume that A is (ki,kz)- sgB open subset of ( X, ki ko) and let F be a semi closed subset of ( X, ki) such that Fc A.
Then X — A < X —F. Since X — Ais (ki, k2)- sgP closed and X — F is semi open subset of ( X, k1). It follows that ks ( X — A) <
X —F. Therefore, F ¢ X — kap (X — A). Conversely, Let G be an semi open subset of (X, ki) such that X — A < G.Then X -G
< A. Since X — G is a semi closed subset of (X, ki), X — G < X — kg (X —A). Consequently kas (X —A) < G. Hence X — A is
(K1, ko)- sgp closed and so A is (Ki,kz2)- sgP open.

Proposition 4.3: Let (X, ki, k2) be a biCech closure space. If A is a(ki,kz)- sgB open subset of (X,kikz), then G = X whenever
G is an semi open subset of ( X, ki) and (X — kzp ( X-A)) v (X-A) cG.

Proof: Suppose that A is (ki, k2)- sgB open subset of (X, ki kz). Let G be an semi open subset of (X, ki) and (X — kzp ( X-A))
o (X=A)cG.Then, X -G < X -( X —kgp ( X-A)) — (X-A)implies X - G c kap (X-A) nAor X -G < kyp ( X-A) N
(X-A). But X — G is semi closed subset of (X, ki) and X — A is (K1, k2)- sgP closed. By proposition 3.11, X — G = ¢. Hence X =
G.

Proposition 4.4: A subset A of (X, ki, k2 ) is called (ki,k2)- sgB open set if and only if F < (int X, (A))whenever F is ki — semi

closed and F < A.

Proof: Suppose A is (K1, k2)- sgB open in ( X, ki,kz ).Let F be ki semi closed and F = A. Then FC is k; semi open and A® c FC,
Since AC is (ki,ka)- sgB closed set, we have kop ( A®) = FC =F < ko [( A®) J¢ = (int ., (M) Thatis F c (int, —(A)

whenever F is k; semi closed and F < A. Conversely, let V be any ki semi open set in X such that A c V. Thus V ¢ < A and
V Cis ki semi closed set. Since V¢ < ((int, (A)). Then (int, (A)) © < V = ke (A%) < V gives that A is (ki,kz)- sgp
2p 2p

closed set and A is (Ki,k2)- sgP open set.

Proposition 4.5: A subset A of ( X,ki k2) is (K1,kz2)- sgB closed set, then kop (A) —A is (K1,k2) - sgB open set.

Proof: Let F be a ki semi closed set such that F < kop (A) —A. But F = ¢ by proposition 3.11. Therefore, F cint - {kap(A)-
A}. Hence {kzp(A)- A} is (K1,k2)- sgp open set.

Proposition 4.6: If A and B be (ki, k2)- sgf open sets, then so is A N B.

Proof: Let (A U B®) c G, where G is ki semi open set. A < G and B€ < G gives kzp (A®) = G and kop(B€) < G.Thus kas (A®)
U kap (B®) = G. Thus kap (A€ U B) = G, (A n B)Cis (K1,kz)- sgP closed. Therefore, A N B is (Ki,k2)- sgp open set.

References
1. Andrijevic D, on B-open sets, Mat vesnik, 1996; 48:59-64.
2. cech E. Topological Spaces, Inter science publications John wiley and son, New York, 1996.

~1191~



International Journal of Applied Research

3.
4.

©oNo G

Chandrasekhara Rao K, Gowri R. On biclosure spaces, Bulletine of pure and applied sciences, 2006; 25E:171-175.
Chandrasekhara Rao K, Gowri R. Regular generalised closed sets in biclosure spaces, Jr. of institute of mathematics and
computer science, (Math. Ser.), 2006; 19(3):283-286.

Chandrasekhara Rao K, Gowri R, On closure Spaces. Varahamihir journal of Mathematical Science. 2005; 5(2):375-378.
Chawalit Boonpok. Generalized Biclosed sets in Biclosure Spaces. Int. Journal of Math. Analysis. 2010; 4(2):89-97.

Devi R, Selvakumar A, Parimala M. on ay-closed sets in topological spaces, (Submitted).

Devi R, Parimala M. On ay-closed sets in BiCech Closure Spaces. Int. Journal of Math. Analysis. 2010; 4(33):1599-1606.
Ganes Pandya M, Janaki C, Arockiarani |. mga-Separation Axioms in BiCech Spaces, Int Mathematical Forum, 2011;
6(21):1045-1052.

10. Janaki C, Arockiarani I. A new class of open functions in Cech spaces, Actaciencia India, 2010; 36M(4):649-653.
11. Levine N. Generalized closed sets in topology, Rend, circ, Mat palemo, 1970; 19:89-96.
12. Slapal J. Closure operations for digital topology, Theoret. Comput. Sci, 2003; 305(1-3):457-471.

~1192~



