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Abstract:

In this paper we introduce a new definition is called bi- intuitionistic topological space and from this concept we
present some kinds of closed set (semi —closed , pre-closed ,B-closed ,a-closed )setes in bi- intuitionistic
topological space, define generalized closed set (sg-closed ,gs-closed ,gp-closed , ga-closed , ag- closed , gf-
closed) sets in bi - intuitionistic topological space and give relationship among them , we introduce the definition
of Tg-space in bi- intuitionistic topological space and from this consept we get new results .

1- Introduction and terminologies:
A triple (X ,T;, Ty ) (i # ) where X#0@ and T;, T,
are topologies on X is called a bi — topological space
in 1963 ,Kelly[3] , The concept of fuzzy set
introduced for first time in1965 by Zadeh , 1996
Coker [4] introduced the concept of intuitionistic set
and intuitionistic topology as a special case of
intuitionistic fuzzy topological spaces. Now we
define the bi- intuitionistic topological space if X # @
» Tj , Tj are tow intuitionistic topologies on X then (
X ,T;, T; ) are bi- intuitionistic topological space(bi-
ITS for short ).
Now we recall the definition of an intuitionistic set
and intuitionistic topology and some basic properties
which are needed .
(1-1) definition:|[5],[6]
Let X be a non-empty set. An intuitionistic set A (IS,
for short) is an object having the form A = (X,A,,A,)
where A, and A, are subsets of X satisfying A, N
A, = @. The set A, is called set of members of A,
while A, is called set of nonmember of A.
(1-2) definition:[6],]7]
Let A and B be two IS having the form A=
(x,A,,A,) and B = (x,B,,B,) respectively, then,
a) ACB < A, SB,&A,28B,
b) A=B < ACB&BCcA
c) A={u A
d) AnB=(xA, NB,;,A, UB,)
e) AUB=(xA, UB;,A, NB,)
) X =(xX,0)
g) 0= (x0,X).
(1-3) definition[4]:

Let X and Y be two non-empty sets and f:X - Y
be a function.
a) If B=(yB,B,) is an IS in Y , then the
preimage (inverse image) of B under f is denoted by
f~(B) is an IS in X and defined by f~'(B) =
{x,£71(B,),f71(B,)).
b) If A =(x,A;,A;) is an IS in X, then the image of
A under f is denoted by f(A)is IS in Y defined by
f(A) = (v, f(A,),f(A;)) where f(A2) = (f(A°2)°) , A
any sub set of X.
(1-4) definition:|6]
An intuitionistic topology (IT for short) on a
nonempty set X is a family T of IS’s in X containing
@, X, and closed under finite intersection and
arbitrary union. In this case the pair (X, IT)is called
an intuitionistic topological spaces ,(ITS for short),
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and any IS in T is known as an intuitionistic open set
(108, for short) in X, the complement of IOS is called
intuitionistic closed set (ICS, for short) in X .

(1-5) definition [2],[7]:

Let (X,IT) be ITS , and let A = (x,A;,A;) be IS in X.
then the intuitionistic interior of ISA (int A ,for short
) and intuitionistic closure of ISA (cl A , for short )
are defined by

intA=U {GE T:GES A}

cdA=n {F:ASF, FE T}

(1-6) definition: 1]

a) LetP_beanIPin X and A =(x,A;,A;)bean IS
in X. P_ is said to be contained in A (for shortP. €
A, if peA)).

b) Let P, be VIPin X and A = (x,A;,A,) bean IS
in X. P, is said to be contained in A, (P, € A, for
short if,p € A,).

Now we introduce a new definitions which is needed
in our work .

(2-1) definition:

We say that ( X, IT; ,IT;) bi- intuitionistic topological
space if for each of (X,IT;) and (X,IT))is intuitionistic
topological space on X .

(2-2) definition:

Let ( X, IT; ,IT) bi-ITS and G be a sub set of X then
G is said to be (i, j)- intuitionistic open set((i, j)IOS
for short ) if G= AU B where A € IT; and B € IT;
the complement of (i,j)-open set is (i,j)-
intuitionistic closed set ((i, j)ICSfor short ).
(2-3)Example:

Let X = {1,2,3} and IT, = {3,X A,B,C} where
A=(X,{3},{12)),B = (X.(1},(3),C =

(X,{1,3}, ®).and
IT~{6,X,D,E }
X {1}1{2,3D
(i,j)- open set = {@ XA B,CD,EF,G} where
F=(X,{1,3},{2}) ,G=(X,{1},9) .

D=(X{1}L{2DE=

where

(2-4) definition

Let (X, IT,,IT;) bi-ITS and A = (x,A;,A;)isISin
X. then the intuitionistic interior and intuitionistic
closure of A are denoted by
(i,j)int(A) and(i, j) cl(A) respectively and defined
as a union of all (i,j)- 10S of X that contained in A
and the intersection of all (i,j) -ICS in X that contain
A respactively .

(2-5)Remark
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Let ( X, IT; IT) bi-ITS, and A = (x,A,;,A,) be IS in
X.  Then(i,j)cl(A) = (i, ))int(A) & (i,j) int(A) =
(i, J) cI(A).

Now we give the definition of semi, pre ,semi pre (f)
, pre semi (o) in bi ITS,s .
(2-6) definitions
Let be( X, IT; ,IT}) bi-ITS,and A = (x,A;,A;) be IS
in X. Then A is called:
1) (i,j) intuitionistic semi-open set ((i,j)ISOS, for
short) if A € IT; cl(ITjint(A) )
2(i, j)intuitionistica-ope set ((i, j)(1aOS, for short) if
A < ITint (ITcl( 1Tint(A)))
3)(i,j) intuitionistic pre-open set ((i,j)(IPOS, for
shor)if A € ITint ( ITicl(4))
4) (i,j)intuitionistic PB-open set (i,j)IPOS, for
shortif A € ITycl  IT,int(ITycl(4))).
The complement of (i,j)ISOS (resp. (i,j) laOS,
(i, )HIPOS, and(i, j) IPOS) is called(i, j) intuitionistic
semi- closed set (resp. (i,j) intuitionistic a-closed,
(i, j)intuitionistic pre-closed, , and (i, ) intuitionistic
B-closed) set in X. ((i,j) ISCS, (i,j) 1aCS, (i,))
IPCS, and (i,j) IBCS, for short ).
(2-7)Theorem :
Let ( X, IT; ,IT)) bi-ITS, and A = (x,A;,A;) ISin X.
then
i.A is (i, j)ICS then A4 is(i, j) laCS , (i, j)ISCS, (i, j)
IPCS AND(, j) IBCS .
ii.A is (i, j) [aOS then A is (i, j)ISOS,( (i, j) IPOS, (i,
) 1pOS.)
iii.A is (i, j) ISOS then A4 is(i, j) IBOS.
iv.4 is (i, j) IPOS then 4 is (i, j)IBOS.
Proof:  [clear from definition]
(2-8)Example:
Let X = {1,2,3} and IT; = {@,X,A,B,C} where
A=(X,{3},{1,2)),B = (X,{1},{3}).C =
(X,{1,3},0).and
IT={@,X,D,E }
(x,{1},{2,3}),
ISCX={®, X,A,B,E K,K»,K3,K+,Ks }.
IPCX={3, XA,
E, K, K3, K4, K5, K, K7, Ks, Ko, K0, K 1,K12,K 13, K 14,K 5,
KléaK]'.'}
1aCX={®, X, A.E ,K,,K3,K;}
IBCX={@, X,A,B,C.EK,K;
’K39K4)K5;K6)K79K89K99K105Kl lsK-l 2sK131Kl39K14!K15
K6 K7}
Where Ki=(X, {3}, (1}),
K2=(X, {112}) [ 3})r K3=(X; ﬂa{ 1})1 K4={X’ ﬂ! {1 '2})-
K5=<Xp g: {113])J K(,=(X, {2}' [ 1})- K7=(X! {2}!{ 3})-
Ks=(X,{2},{1,3}),
K9=<Xa [2}1 G>n
(X,{3},9),
Kis=(X,d, (2}),
Kie=(X, 8, {2,3})
K,,=(X, @, @)
(2-9)Remark

where D =(X,{1},{2})E =

K]O:(XJ [3}1 { 2])! K”:
K12=(X, [2.3}, { 1} )Ku:(X, {2»3}: @),
Kis=(X,4d,{2}),
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Let ( X, IT; ,IT)) bi-ITS, and 4 = (x,4,,A,) be IS in
X .then

(i, DISOS and (i,j)IPOS is indepented) from
example (2-3 ) Ko—(X,{1,2},{3}) is (i,/)ISOS but
not (i,j/)IPOS and K,;s=(X,@,{2})is (i,/))IPOS but
not (i,/)ISOS .

(2-10) definition

Let ( X, IT; ,IT;) bi-ITS, and 4 = (x, Ay, A;) be IS in
X. Then the intersection of all (i,j) ISCS (resp
(i, DaCS, (i, NIPCS and(i,j) IBCS) in X that
containing A is called the semi-closure (resp. (i, )a-
closure , (i, j) pre-closure, and (i,j) B-closure) of A
and denoted by
(L)) scl(A) (resp.(i,j) acl(A),(i,j) pcl(A),
and(i,j) PBcl(A)).

Note It is well-known that:

(i, ))scl(A) =
AU IT;int(IT;cl(A)), (resp. (i, acl(4) = AU
ITicl ITjint(IT;cl(A)),

(i, )Ipcl(A) = AU IT,cl ITjint(A), (i, j)Bcl(A)

= AU ITint (ITicl ITyint (A))

(2-11) definition
Let ( X, IT; ,IT) be bi- ITS, and A = (x, A;,4;) be
IS in X. Then the union of all(i,j) ISOS
(resp. (i, )H)1aOS, (i,j) IPOS and(i, ) IBOS) in X that

contained A is called the(i,j) semi-interior
(resp. (i,j) o-interior, (i, j))pre-interior and(i,j) PB-
interior) of A and denoted by
(i, ))sint(A) (resp. (i) aint(A), (i, pint(4)
and(i, j) Bint(A)).

Note It is well-known that

(i, ))sint(A) =
A N ITicl IT;int(A), (resp. (i, j)acl(A) = An
IT;int IT;cl IT;int(A),

(i, )pint(A) = A 0 ITint IT;cl(A), (i, j)sint(A)

= AN ITicl IT;intIT;cl(A) .

(2-13)Proposition
Let ( X, IT; ,IT;) be bi- ITS , and A = (x,A4,,A4;) be
IS in X. Then A is(i,j) IaOS in X if and only if it is
both (i, /)ISOS and(i, j) IPOS in X.
Proof: [clear from definition].
3-Generalized closed set in_ bi-
topological spaces
(3-1) definitions
Let ( X, IT; ,IT;) be bi- ITS, an IS A in X is called:
1) (i,j) Generalized closed (briefly, (i,j) g-closed),
if ITicl(A) € U, whenever AC U and U is IT;-
ISOS.
2) (i,j) Semi-generalized closed (briefly, (i,j) sg-
closed), if IT;- scl(A) € U, whenever A € U and U is
IT;- ISOS,
3) (i,j)Generalized semi-closed (briefly, (i,j) gs-
closed), if IT- Scl(A) € U, whenever A €U and U
is IT;- 10S,

intuitionistic
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4) (i,j)Generalized a-closed (briefly, (i,j) ga-
closed), if ITj—acl(A) € U, whenever A< U and U
is IT;- laOS,

5) (i,j)a-generalized closed (briefly, (i,j) ag-
closed), if ITj—acl(A) € U, whenever A € U and U
is ITl ]OS,

6) (i,j)Generalized B-closed (briefly, (i,j) gp-
closed), if ITj—fcl(A) € U, whenever A € U and U
is IT;- 108,

7) (i,j)Generalized pre-closed (briefly, (i,j) gp-
closed), if IT;- pcl(A) € U, whenever A € U and U is
IT; -10S.

An IS A in X is(i, j) g-open (resp. (i, ) sg-open, (i, j)
gs-open, (i, /) ga-open, (i, j) ag-open, (i,j) gB-open,
and (i, j)gp-open), if the Ais(i, j) g-closed (resp. (i,))
sg-closed, (i,j) gs-closed, (i,j) ga-closed, (i,j)ag-
closed, (i,j) gp-closed and(i,j) gp-closed).
(3-2)Theorem:

Let ( X, IT; ,IT;) bi- ITS. An intuitionistic subset A of
X is (i,j)g-open if and only if, for each (i, j)ICS F in
X such that F € (i, j)int(A) whenever F € A

Y

-

",l (L) la~closed -
/:" ¥ _— g~

(Lids = closed |

f” (1 )uc:o'fd

(1)) Iga — closed
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Proof

= Suppose that A is(i, j) g-open set in X, and let F
be any closed set such that FS A, so by definitionA is
(i,)e- closed set in X. Therefore, for each(i, 1) I0SU
say U=F in X ACF , then(i,j) cl(A)SF ,
soF = F € (i,/)cl(A) = (i,j)int(A) by Remark (2-
5).
< suppose that for each(i,j) ICS F € A then
F < (i,j)int(A), we have to prove thatA is (i,j)g-
open, i.e. we have to prove that A is(i, ) g-closed, let
U be any 10S in X such that 4 € U, we have to prove
that(i, j) cl(A) € U. For if, since U is(i, j) 10S, then
U is (i,j)ICS and UA , so by hypothesis e
G, J)int(A). Therefore(i, ), Int(A) = (i,))cl(A)
U = U. By Remark (2-5) we get that A is(i,j) g-
closed.

(3-3)Theorem

Let ( X,IT; ITj)bi- ITS. Then the following
implications in the diagram are true but not
reversible.

k‘\
DS \:\(\
(iLiMg — closed
L
RS T
— wy—

(LIl[8 — closed

Proof

The method of prove this theorem is to take one
implication and prove truth one and give a counter
example for the other at the end of the proof.
1)(i,j)Closed=»)(i, j)g-closed, but the converse is not
true.

We have to prove that, if A is(i,j)- closed set then A
is(i,j) g-closed. For if, since A is(ij)- closed,
then(i,j) cl(A) = A. Now, for each (i,j)- 10S U,
A< U.Wehave(i,)) cl(A)=AcU.

2) (i,j) IClosed= (i, j)la-closed, but the converse is
not true.

We have to prove that, if A is (i,j)- closed, then 4 is
(i,j)a-closed. For if, since Ais (i,j)closed, then

IT;cl(A) = A, so IT; int IT;cl(A) < IT;cl (A),
therefore ITicl IT;intIT; cl(A) € IT;clA = A.
But acl(A) = AUIT; cl(IT; int(IT; cl(A)) S AU

IT;cl(A) = ITcl(A) = A, Therefore(i , j) acl(A) €
A, and we have from definition of A € (i, j)acl(4),
so we get that(i,j) acl(A) = A. ie. A is(i,j)I o-
closed..

¥

S xa sl
(L} IPre — cloced

4 \‘:
-
\El iMgs — closed 35\‘

L
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e !jfﬂ‘_“—fofl‘c

3 u;ng:r —clogsed |
)

/ I

(i) I8 — clozed /

3) (i, HIg-closed = (i, j)lag-closed and the converse
is not true.

We have to prove that, if a is(i, j)Ig-closed, then A
is (i,j) lag-closed. For if] since A is Ig-closed, so for
each UE IT,,Ac U, thenlIT;cl(A) € U. SincelT;
cl(A)cU , then ITjintITicl(A)SA cU
solT ;intIT;cl(A) € IT,clIT jintITicl(A) <
IT;cl(A) € U, so (i,)acl(A) € IT;cl(A) € U. That
is,(i,j)acl(A) € U. Therefore A Iag-closed.

4)(i,j) log-closed= (i,j)Igp-closed and the
converse is not true

We have to prove that, if A is(i, j)ag-closed, then A
is (i,j) gp-closed. For if, since A is lag-closed, so for
each Ue IT; , A € U, then (i, j)acl(A) € U.

(i, Dacl(4) =

AU IT;clIT;intIT;cl(A), (i, Dpcl(A) = AU
IT;cliITjint(A) € AU IT;clT;intIT;cl(A) =

(i, Nacl(A) Since  ITicl(A)< U , then
ITjintITicl(A) €A <cU , solT;intITicl(A) <
IT;clIT;intIT;cl(A) € IT;cl(A) € U, so (ij)pcl(A)
(i,Nacl(A) cU. That is, (i,))pcl(4) cU.
Therefore A (i, j)Igp-closed.
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6) (i, j) gs-closed= (i, j)Igp-closed and the converse
is not true.

We have to prove that, if A is (i, j)I gs-closed, then A
is(i, j)IgB-closed. For if, since A is(i, j)Igs-closed,
so for each Ue IT;, A € U, then (i, )scl(4) € U.
Since (i, j)scl(A) = A U IT;intIT;cl(A) S U

, and since ITjintIT;cl(A) < ITjintITicl IT;int(A)
c U (i,))Bcl(A) c U.

Therefore A is (i,j) IgB-closed.

7)- (i,j) 1p-closed= (i, j)IgP-closed and the converse
is not true.

We have to prove that, if A is(i, j)IB-closed, then A
is(i, j) Igp-closed. For if,

since A is (ij)Ip-closed, IT;intIT;cliT;int(A) € A.
Let U be any IOS in IT, such that AcCU
Since (i, j)Bcl(A) = AUIT;intIT;cliT;int(A) = A €
U.

Therefore A(i, j)Igp-closed.

8) (i, HIog-closed= (i, j)Igs-closed and the converse
is not true in general.

We have to prove that, if A is (i,) log-closed, then
A is(i, j)I gs-closed. For if]

since A is(i,j) lIag-closed, so for each U € IT;
LA C U, then(i,j) acl(A) < U.

(i, j)scl(A) = AU IT;intIT;cl(A) € AU

IT; clIT;intIT;cl(A) = (i,j)acl(A) €U

Since (i,j) scl(A) € (i,Hacl(A) S U , That is,
(i,/)scl(A) c U.

Therefore, A is (i,j) Igs-closed.

9) (iyj)Igp-closed=> (i,)Igp-closed and the converse
is not true in general.

We have to prove that, if A is (i, j)Igp-closed, then
Ais (i,j)Igp-closed. For if,

since A is= (i,j)Igp-closed, so for each U € IT;
LA C U, then(i,j) pcl(A) c U

sine U € IT;, IT; int AC A, then Bcl(A)=AU
ITjintITcliTjint(A) € A U ITicliTjint(A) S AU
IT;cliT;int(A) = A € U,so(i,j)Ifcl(A) € U.

That is, A is (i,j)Igp-closed.

10)(i,j)la-Closed= (i, j)Is-closed, but the converse is
not true

Since IT; intIT;cl(A) S ITclIT;intITicl(A) € A, so
the result follows

11(i,j)I p-Closed= (i, j)IB-closed, but the converse is
not true

Since ITicliTjint(A) S IT;intIT,cliT;intc(A) € A,
so the result follows.

12)(i,j)la-closed= (i, )Iga-closed and the converse
is not true in general.

We have to prove that, if A is (i,j)la-closed, then A is
(i,j)Iga-closed. For if,

since A is (i,j)la-closed, thenIT; cliT;intIT;clA < A.
Let A€ U, where U is any IT; o-open , Since
(i, )acl(A) = AV IT,clIT;intITicl(A) S A< U.
Therefore A is( i,j)Iga-closed.

13) (i,j)Is-closed=> (i, )Isg-closed and the converse
is not true in general.
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We have to prove that, if A is (i,j)Is-closed, then A is
(i,j)Isg-closed. For if,

since A is (i,j)Is-closed , then IT;intiT;clA € A. Let
AcU, where U is any I[T;s-open Since
(i, j)scl(A) = AU IT;intIT,cl(A) S A S U.
Therefore A is (i,j)Isg-closed.

14)(i,j)Iga-closed= (i,j)Ipre-closed and the converse
is not true.

We have to prove that, if A is (i,j)Iga-closed, then A
is( i,j)Ipre-closed. For if,

since A is (i,j)Igo-closed , then , if for
eachU is IT.aOS , ASU then (i,j)laclA<U.
(i, acl(A) = AU ITicITlintIT;cl(A) € U and
since ITiclITjint(A) < IT;clIT;intITicl(A) S U . IT;
cliTjint (A) < A.

Therefore A is (i,j)Ipre-closed

15) (i,j)Isg-closed=(i,j)I p-closed, and the converse is
not true in general

We have to prove that, if A is( i,j)Isg-closed, then A
is (i,j)IB-closed. For if, since A is (i,j)Isg-closed then
, if for each Ue IT;SOS , A € U then (i,j)sclA €
U. (i,j)scl(A) = AU IT;intIT;cl(A) € U and since
ITyintIT;cliTjint (A) < ITjintITicl(A) S U

(ITjintA < A) then IT;intIT;cliT;int (A) € A.
Therefore A (i,j)Ip-closed.

16) (i,j)Iga-closed=> (i,j)lag-closed, and the converse
is not true in general.

We have to prove that, if A is(i,j)I ga-closed, then A
is(i,j)I ag-closed. For if,

since A is (i,j)lga-closed , then , if for each U€
IT,wOS , ACU then (i,j)aclA<S U. Since
(i, Nacl(A) € ITiclA < U for each 10S G, A< G(G
is(i,j)IaOS)

Therefore, (i,j)acl(A) < ITiclA € G,
closed

17)(i,j)I sg-closed= (i,j)Igs-closed, an the converse is
not true in general.

We have to prove that, if A is (i,j)Isg-closed, then A
is (i,j)Igs-closed. For if;,

since A is (i,j)Isg-closed , then , if for each Ue ISOS
, ACU then(ij)sclA € U. Since (i,j)scl(A) c
IT;clA € U for each(i,j)IOS G , AcG( G is
(i,j)ISOS)

Therefore, (i, j)scl(A) € ITiclA < G, Ais (i j)Isg-
closed.

The following example shows that;

1) (i,j) T ag-closed (i, j) 1 ga-closed

2) (i, )H)Igp-closed ,(i,j)Ip-closed , (i, j)Igs-closed
,(i, ) 1gB-closed

and (i, j)I B-closed (i,j) ga-closed
3) (i, j)! gs-closed , (i,j) I B-closed and (i, )
closed ,(i, j)Isg-closed .

4) ,(i,j) Ig-closed (i, N1 closed

LetX ={a,b,c} and IT; = {ﬁ,)—(, A, B, C} where
A=(X,{a},{b,c}),B=(X,{c},{ab)}),C=
(X,{a,c},{b}) and

A(ijI ag-

Igp-
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IT={0,X,D,E } where

(x,{a,c},®)

[oO(X) = {

@, X,A,B,C,D,E,G),G,,G3,Gs,Gs,G6,G7,Gs,Go,G10,Gi1

G12,Gis  } =ISO(X). where G=(X,{a},{C}),

G=(X,{a},@), Gy=(X,{b}.{a}), G=X,{b],{c}),

G5=(X, [b }! {_a’ C}), GS:(XJ {b }v ﬁ), G'.’:(XJ [C }' {a})v

Ge-(X, {c 1, (b }), Go= (X,{c}, @),

GlO (X [a:b} {C}) G]l=(xu {arb}- ﬂ)a

GlZ (X {b C} {ﬂ.}), G|3=(X, [bl C}, ﬂ) B

1) Let L=(X,{b},@) € U=X . then L is (i,/)lag-

closed set because

(i,)) acl(L) = AUITi — cl(ITj - t'nt(ITi - cl(L))
=(i,j) acl(L) = AUITi — cl(ITj — int(X))

=LuX=XcU.
But is not (i, j)Iga-closed set because the only(i, )
IaOX in X containing L is Gy; ,Gy3  But (i, j)Iga-cl

=(X,{a}, (b)), E =

=X SE G“ ,G]3 -
2) L is (i,j)Igp-closed ((i,j)Ip-closed, (i,j)Igs-
closed, (i, NIgp-closed

and (i, j)Ip-closed ) because :

(i, Dpcl(L)=L < U, (i,j)Ip-closed =
int(L))E L =IT-cl(@) =0 < L.
, (i,)) gsel(L) =X € Uand,(i,j)gBel(L)=L S U .
but are not (i, j)ga-closed set because by (1).
3)L is (i,j) gs-closed set since (i,j) gscl(L)=L U

ITi [+ l(lTj-

ITj int(ITi cl(L))

(i,j) gsel(L)=LU X =X € U .and L is (i,j)! B-
closed , ,(i,j)Igp-closed

Because (i, NI B-closed

ITj int(ITi clITj int(L)) € L so : ITj int(ITi cl ﬂ)
=@ cL, (i,j))Igpcl(L) =L € U .But not (i,j) Isg —
closed because the only ISOX in X containing L is
G ,Gis But (i,)) gscl(L) =X & G ,Gis
4) since L =(X,{b}, @) € U=X thencl(L=X < U
therefore L is (i,j)Ig-closed set but not closed set
L ¢ IT;-closed set.

The following examples show that;
1) (. pigB-closed (i,)) Isg —closed, (i,j) 1
gs —closed ,and (i, j) Iga —closed .
2) (i,j)Ip-closed
3) (i,j) Ip -closed
4) (i,j) Igp -closed
(3-5)Example:
Let X ={a,b,c} and IT, ={@,X,A,B} where

=(X,{a,b},0), B(X, {a},{c}) and IT;-
={@,X,¢,D } where =(X,0,{b}), D=
(X,{a},{b}) .
Let H=(X,d,{c}) cU=(X,{a},{c})
1) H is (i,j)IgP-closed set because (i,j)Igp-cl(H)=
H € U.But H is not (i,j)Isg —closed, (i,j) I gs —

(i,)) Isg —closed
(i,j) Iga —losed
(i,)) Igo -closed
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closed because (i,j) I gscl(H= X € U, and not
(i, N1ga —closed because_(i, j) I gacl(H)=X € U
2) His (i,j)Ip-closed: IT;int(ITicl IT;int(H)) € H
then

ITiint ( IT;cl(@)) =@ < H since (i,j) 1
gocl(H)= X € U then H is not (i, j) Isg —closed.
3) since (i, ) Ip -closed set (IT; cl ITint(H)) < H
thenIT;c @ =@ S H so His (i,j) Ip -closed set but
H is not (i, j) Iga —closed because (i,)) I gacl(H)= X
U
4) His (i, ) Igp —closed because (i, j) Ipcl(H=HU
ITicl (1) int (1))
=HU ITicl®@ =H < U but is not
because_(i,j) I acl(H=XZ U
(3-6)Example:
From example (2-3) let M = (X, {1},{2}) €
then
1) Miis (i,j) Igp —closed set because (i,j) I pcl(M)=
M U ITicl (ITjint ™))

=MUITicl(D)=MUX=Xc U, But M¢IPCX.
And  (i,j) I BelM)= M U IT;int (IT,cl (I Tjint (M)
=MU X=Xc UsoMis (i,j) IgB —closed set but M
¢ IBCX..
2) Let F=(X,{1},@) < U= X then (ij) I Scl(F)=
FU ITjint(ITycl (F)) =FUX =X S UsoFis (i,j) Igs
—closed set but F ¢ ISCX ITcl(ITj And (i,j) I
acl(F)= F U ITjint(IT,cl (F)) = FU X =X so F is
(i,j) Iga —closed But F ¢ [aCX..
Now we introduce the definition of Tg-space in bi-
ITS.
(3-T)definition:

(X, IT;, IT;) bi-ITS is said to be Tgs-space, if every
(i,j)gs-closed set in X is (i,j)Isg-closed set in X.
A3-8)proposition:
A subset A of (X, IT;, IT;) bi-ITS is (i,j)Iga- closed
if and only if X; N (i,j)acl(A) € A, where
X, = {P~ = (x,{p}, {p}°) € X: P_is no where dense in -i}
Proof: The same method of proof in ITS see [1]

(3-9)theorem:

For (X, IT;, IT;) bi-ITS , the following statements
are equivalent.

1. (X,IT;,IT;) is Tgs-space,

2. P.is either (i,j)Ipre-open or (i,j)I closed for each
P.eX

3. Every(i,j)I ag-closed in X is (i,j)Iga-closed.

4. Every gp-closed set in X is pre-closed.

5. Every gpB-closed set in X is B-closed in X.

6. Every gp-closed in X is f-closed.

Proof: by similar way on the Tgs space in ITS see
[1].

Now we get tow equavilant relation and one new
implication in theorem (3-9) .

(i,j) Igo —closed
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[ ag — closed ]__{ gp - closedH Pre-closed ]
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<
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[ ga — closed ’ .‘ gpB — closed

B — closed J
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