Journal of Kirkuk University — Scientific Studies , vol.6, N0.1,2011

On Generalized Contra Continuous Functions and
some Relations with other Kinds of Continuity on
Intuitionistic Topological Spaces®

Yunis J. Yaseen Ali M. Jasim
Department of Mathematics
College of Education- University of Tikrit

Received: 2009/6/10, Accepted: Y+ +//)+
Abstract

We study in this paper the concept of contra continuous functions and generalized
them in intuitionistic topological spaces and we studied the relations of each kind of
these function by properties, examples and a diagram to summarize these functions.
Also we study some relation between almost contra continuous function and some
continuous functions.

Introduction

The notion of contra continuity was introduced by (Dontchev, 1996)
contra semi continuous function was introduced and investigated by
(Dontchev & Noiri, 1999), so contra pre continuous was introduced by
(Jafari, & Noiri, 2002), also we are going to generalized them on
intuitionistic topological spaces.

In this paper we define some kinds of contra continuous, contra semi
continuous, contra o continuous, contra pre continuous, contra [
continuous, contra 8 continuous, contra generalized continuous, contra
generalized semi continuous, contra semi generalized continuous, contra
generalized o continuous, contra o generalized continuous, contra
generalized pre continuous, contra pre generalized continuous, contra
generalized P continuous, and contra © generalized continuous functions
and we give propositions to show the relations among them, some counter
examples are given for not implications. We give also a diagram to
illustrate these relations. So we study some relations among contra
continuous functions and some kinds of continuous functions namely
(perfectly continuous, slightly continuous, semi regular-continuous,
completely-continuous, regular closed-continuous and B-continuous) by

some properties, as well as we give some examples for non-true
implications.
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Preliminaries

Let X be anon-empty set, an intuitionistic set (IS, for short) A is an
object having the form A= {x, A;,A,) where A; and A, are disjoint subset
of X. the set A, is called a member of A, while A, is called non- member of
A, an intuitionistic topology (IT, for short) on a non-empty set X, is a
family T of IS in X containing @, X and closed under arbitrary unions and
finitely intersections. In this case the pair(X, T) is called an intuitionistic
topological space (ITS, for short), any IS in T is known as an intuitionistic
open set (IOS, for short) in X. The complement of 10S is called
intuitionistic closed set (ICS, for short), so the interior and closure of A are
denoted by int(A) and cl(A) respectively and defined by
int(A) =U{G;:G;€ETand G; € A}and cl(A) =
N{F;:F; is ICSin X and ASF, }
So int(A) is the largest 10S contained in A, and cl(A) is the smallest ICS
contain A, a set A is called intuitionistic regular-closed set (IRCS, for
short) if A = clintA intuitionistic a-closed set (lIaCS, for short) if
clintclA € A intuitionistic semi-closed set (ISCS, for short) if intclA € A
intuitionistic pre-closed set (IPCS, for short) if clintA € Alintuitionistic p-
closed set (IBCS, for short) if intclintA  A. The complement of IRCS
(resp. 1aCS, ISCS, IPCS and IBCS) is called intuitionistic regular-open set
(resp. intuitionistic a-open set, intuitionistic semi-open set, intuitionistic
pre-open set and intuitionistic -open set) in X. (IROS, 1xQOS, 1SOS, IPOS
and IBOS, for short), A is saida to be intuitionistic semi-regular set (ISRS,
for short) (Dontchev & Noiri, 1998) if A is ISOS and ISCS in X, so A is
called intuitionistic B-set (IBS, for short) (Dontchev & Noiri, 1998) if A
Is the intersection of an 10S and ISCS and A is said to be an intuitionistic
B-closed set (18CS, for short) if A=clA where
chkA=ExeX:cd(U)nA+#0,U€e Tandx € U} Ais called intuitionistic ©
generalized closed set (I0g-closed, for short) if clsA S U, whenever
AcSUandUis IOS.

Generalized contra continuous function on ITS's.

The following definitions of several kinds of contra continuous functions
which are given in general topology by (Baker, 2001; Dontchev, 1996 and
Dontchev & Maki, 1999). We generalized them into ITS's.

Definition: Let (X, T) and (Y,0) be two ITS's and let f: X — Y be a function

then f is said to be:

1. An intuitionistic contra continuous (I contra cont., for short) function if
the inverse image of each IOS in Y is ICS in X.

Yy



Journal of Kirkuk University — Scientific Studies , vol.6, N0.1,2011

2. An intuitionistic contra semi-continuous (I contra semi-cont., for short)
function if the inverse image of each I0S in Y is ISCS in X.

3. An intuitionistic contra c-continuous (I contra o-cont., for short)
function if the inverse image of each I0S in Y is 1aCS in X.

4. An intuitionistic contra pre-continuous (I contra pre-cont., for short)
function if the inverse image of each I0S in Y is IPCS in X.

5. An intuitionistic contra B-continuous (I contra [-cont., for short)
function if the inverse image of each I0S in Y is IBCS in X.

6. An intuitionistic contra ©-continuous (I contra ©-cont., for short)

function if the inverse image of IOS in Y is IBCS in X,

Next we are going to introduce the definitions of generalized contra
continuous functions on ITS's.

Definition: Let (X,T) and (Y,0) be two ITS's and let fX — Y be a function
then f is said to be an intuitionistic contra g-cont. (resp. contra gs-cont.,
contra sg-cont., contra gp-cont., contra pg-cont., contra ga-cont., contra ag-
cont., contra Bg-cont. and contra gp-cont. functions if the inverse image of
each 10S in Y is lIg-closed (resp. lgs-closed, Isg-closed, Igp-closed, pg-
closed, lga-closed, lag-closed, 18g-closed and Igp-closed) set in X.

Proposition: Let(X, T) and(Y,o) be two ITS's and let X —=Y be a
function then

1- If fis | contra ©-cont. function then f is | contra 8g-cont. function.
2- If fis | contra 8-cont. function then f is | contra cont. function.

3- If fis | contra Bg-cont. function then f is | contra g-cont. function.
4- If fis | contra cont. function then f is | contra g-cont. function.

5- If fis | contra cont. function then f is | contra a-cont. function.

6- If fis | contra a-cont. function then f is | contra semi-cont. function.
7- If fis | contra a-cont. function then f is | contra pre-cont. function.
8- If f is | contra semi-cont. function then f is | contra B-cont. function.

9- If fis | contra pre-cont. function then f is | contra B-cont. function.

10- If fis | contra a-cont. function then f is | contra ga-cont. function.
11- If fis | contra semi-cont. function then f is | contra sg-cont. function.
12- If fis | contra -cont. function then f is | contra gf3-cont. function.
13- If fis I contra g-cont. function then f is | contra ag-cont. function.
14- If fis | contra g-cont. function then f is I contra gs-cont. function.
15- If fis | contra ga-cont. function then f is | contra ag-cont. function.
16- If fis I contra sg-cont. function then f is | contra gs-cont. function.
17- If fis | contra pg-cont. function then f is | contra gp-cont. function.
18- If fis | contra @g-cont. function then f is | contra gs-cont. function.
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19- If fis | contra ag-cont. function then f is | contra gp-cont. function.

Proof:

1- Let V be I0S in Y then f~* (V) is 18CS in X (since f is | contra &-cont.
function). Now for each I0S A in X and f*(V)EA then
cle(f1(V)) € A since clg( f71(V)) = f~1(V). There fore, f=2(V) is
18 g-closed set in X. Hence fis | contra &g-cont. function.¢

2- Suppose that V be 10S in Y then £~ (V) is I8CS in X (since f is | contra
B-cont. function). Sof (V) = clg(f (V). There fore, f~2(V) is ICS in
X since every I18CS is ICS by [6]. Hence f is | contra cont. function. ¢

3- Let V be 10S in Y then f~(V) is 18 g-closed set in X (since f is | contra
Bg-cont. function). So for each I0S A in X and f* S A then
cly(f~1(V)) € A. Therefore, f~1(V) is Ig-closed set in X since every
18 g-closed set is l1g-closed set by (Dontchev, J. and Maki, H. (1999)).
Hence f is | contra g-cont. function.+

4- Let V be 10S in Y then f~*(V) is ICS in X (since f is | contra cont.
function). So for each 10S A in X and f~*(V) € A then cl(f2(V)) S A
since f (V) = cl(f ~*(V)). Therefore, f (V) is lg-closed set in X and
hence f is | contra g-cont. function.+

5- Suppose that V is 10S in Y then £~ (V) is ICS in X (since f is | contra
cont. function) then cI(f 1 (V)) = f~2(V) imply intcl(f~*(V)) c f1
implies clintcl(f~2(V)) € cl(f (V) = f~1(4). Therefore, f~1(V) is
laCS in X and hence fis | contra @-cont. function.4

6- Let V be 10S in Y then f=2(V) is laCS in X (since f is | contra a-cont.
function) then clintel(f 2 (V) € fF1(V) imply
intel(f~1(V)) € f~1(V). Therefore, f~*(V) is ISCS in X and hence f is |
contra semi-cont. function. 4

7- Let V be 10S in Y then f~2(V)is laCS in X (since f is | contra a-cont.
function) then clintcl(f~2(V)) € f1(V) imply
clint(f~2(V)) € f~1(V). therefore, f~*(V) is IPCS in X and hence f is |
contra pre-cont. function.4

8- suppose that be 10S in Y then f~2(V) is ISCS in X (since f is | contra
semi-cont.  function) then intcl(f7X(V)) S fH(V) imply
intc!int(f‘1(V)) < f~1(V). Therefore, f =2 (V) is IBCS in X and hence f
is | contra 5-cont. function.¢

9- Let V be I0S in Y then f~*(V)is IPCS in X (since f is | contra pre-cont.
function) then clint(f~* (V) € F~1(V) imply
intelint( f~2(V)) € f~1(V). Therefore, £ ~3(V) is 18CS in X and hence f
is | contra 5-cont. function.¢
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10- Suppose that V be 10S in Y then f~2(V) is 1aCS in X (since f is |
contra a-cont. function). Now for each 1&¢OS A in X and f~*(V) S A then
acl(f~X (V) E A since V) = acl(f1() by
acl(f~1(V)) = f~1(V) U clintel(f~*(V))

and clintcl(f~1(V)) € f~1(V). There fore, f~1(V) is lga-closed set in X.
Hence f is | contra ga-cont. function.4

11- Let V be 10S in Y then f~*(V) is ISCS in X (since f is | contra semi-
cont. function). Now for each I1ISOS A in X and f~*(V) € A then
scl(f (V) c A since fFEV) =scl(f (V) by
scl(f72(V)) = fr(WMvintcl(f~*(V)) and intcl(f~1(V)) S f1(V).
Therefore, f~2(V) is Isg-closed set in X. Hence f is | contra sg-cont.
function.

12- Suppose that V be 10S in Y then f~*(V) is IFCS in X (since f is |
contra [S-cont. function). Now for each 10S A in X and f~*(V) € A then
Bel(f (V)< A since FIV) = Bel(f (V) by
Bel(F2(V)) = f (V) U intclint(f~*(V))and
intclint(f~2(V)) € F~1(V). Therefore, f=1(V) is lgB-closed set in X
and hence f is | contra g[5-cont. function.4

13- Suppose that V be 10S in Y then f~*(V) is Ig-closed set in X (since f
is | contra g-cont. function). So for each IOS A in X and f~*(V) S A then
c(f(V))€ A Now since every ICS is laCS then
cl(f2(V))=n{F;:F,islaCSand f*(V) S F,} Scl(f*(V)). So we
have that for each 10S A in X and f~*(V) € A then ac!(f‘lr[v’j) c A.
Therefore, f (V) is lag-closed set in X and hence f is | contra ag-cont.
function. ¢

14- Let V be 10S in Y then f~1 (V) is lg-closed set in X (since f is | contra
g-cont. function). So for each 10S A in X and f~*(V) €A then
cl(f1(V))SA. Now since every ICS is ISCS then
scl(f7*(V)) =n { F:F, is ISCS and f7*(V) €S F;, } <
cl(F71(V)).

so we have that for each 10S A in X and f*(V)S A then
scl(f~1(V)) € A. therefore, f~1(V) is Igs-closed set in X. Hence f is |
contra gs-cont. function.4

15- Let V be I0S in Y then f~(V) is lga-closed set in X (since f is |
contra ga-cont. function). So for each 1aOS A in X and f~*(V) € A then
acl(f~1(V)) € A. Now since every 10S is 1aOS then there exists an 10S
U in X such that f=*(V) € U so acl(f~1(V)) € U. Therefore, f~2(V) is
laeg-closed set in X. Hence fis | contra @g-cont. function.¢
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16- Suppose that V be 10S in Y then f~2 (V) is Isg-closed set in X (since f
is | contra sg-cont.function). So for each ISOS A in X and f~*(V) S 4
then scl(f ~(V)) € A. Now since every 10S is ISOS then there exists an
IOS U in X such that f~3(V) S U thenscl(f*(V)) € U. Therefore,
F2(V)is lIgs-closed set in X and hence f is | contra gs-cont. function.¢

17- Let V be 10S in Y then f~*(V) is Ipg-closed set in X (since f is |
contra pg-cont. function). So for each IPOS A in X and f~*(V) < A then
pel(f~*(V)) € A. Now since every 10S is IPOS then there exists an 10S
Uin X such that f~2(V) S U then pcl(f~*(V)) € U. Therefore, f (V) is
lgp-closed set in X and hence f is | contra gp-cont. function.+

18- Let V be 10S in Y then f~*(V) is lag-closed set in X (since f is |
contra ag-cont. function). So for each 10S A in X and f~*(V) € A then
acl(f~*(V))SA. Now since every laCS is ISCS then
scl (f2(V))=n{F;:F, is ISCS and f~*(V) S F;} S acl(f71(V)).
so we have that for each I0S A in X and f~*(V) A then
scl(f~1(V)) € A. Therefore, f~1(V) is Igs-closed set in X and hence f is |
contra gs-cont. function.4

19- Suppose that V be 10S in Y then f~2(V) is lag-closed set in X (since f
is | contra ag-cont. function). So for each 10S A in X and f~*(V) € A
then acl(f~*(V))S A. Now since every laCS is IPCS then
pel(f~1(V)) =n{F;:F;isIPCSand f~*(V) €F;} Sacl(f~*(V)). So
we have that for each 10S Ain X and f~*(V) € A then pcl(f~1(V)) € A.
Therefore, f1(V) is Igp-closed set in X and hence f is | contra gp-cont.
function.# we start with example which shows | contra &g-cont. does not
imply | contra &-cont.

Example: Let X = {a,b,c}and T = {0, X, A} where A = (x,{a, b}, {c})
and letY = {1,2,3}and o = {0, 7, C} where C = (y,{1,2},{3}). Define a
function f: X =Y by f(a) =1,f(b) =3 and f(c) = 2. Now let
B = f1(C) = {x,{a, c},{b}) then B is 18 g-closed set in X since the only
I0S containing B is X and clgB = X € X. But B is not 18CS since
B # clgB = X. So since the inverse image of each 10S in Y is 18 g-closed
set in X then fis | contra 8g-cont. function. But f is not | contra &-cont.
function.

The next example shows that:

1- 1 contra cont. does not imply | contra &-cont.

2- | contra cont. does not imply I contra &g-cont.

3- | contra g-cont. does not imply I contra 8 g-cont.

4- | contra g-cont. does not imply | contra 8-cont.
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Example: LetX = {a,b,c} and T = {3,X, 4, B,C} where
A={x,{a},{b,c}), B = {x,{a,b},{c})and C = {(x,{a,c},{b}) and let
Y = {1,2,3}and o = {0,7, D} where D = (v,{3}, {1,2}). Define a function
f:X=Ybyf(a)=1,f(b) =2andf(c)=3.Now let
G = f~1(D) = {x,{c},{a, b}), then G is ICS and lg-closed set in X but G
is not 18CS in X since clgG = X & G so G is not 18 g-closed set since the
only 10S containing G in X is C and clgG = X € C.

The following example shows that | contra g-cont. does not imply |
contra cont.

Example: Let X = {a,b,c}and T = {0, X, 4, B, C} where

A= {x,{a,b},{c}),B = (x,{b},{a}) and C = {x, {a, b}, D) and let

Y ={1,2,3}and 0 = {0, 7, D} where D = (y,{1,2},8). Define a function
f:X—=Ybyf(a)=3,f(b) =1and f(c) = 2. Now let

G = f~2(D)={x,{b,c},0) then G is Ig-closed set in X since the only 10S
containing G is X and cIlG = X € X but G is not ICS in X since

G # clG = X. So the inverse image of each IOS in Y is 1g-closed set in X.

In this example we are going to show | contra a-cont. function does not
imply | contra cont. function

Example: Let X = {a,b,c,d}and letT = {3, X, 4,B,C,D)}

whered = {x,{a, b}, {c}),B = {(x,{b,d}, {a}),C = (x, {b},{a,c})and D =

(x,{a,b,c},B)and Let Y = {1,2,3,4}and o = {B, ¥, E} where

E = (y,{1},{2,3}). Define a function f:X =Y by (a) =1,

fb)=2,f(c)=3and f(d)=4.SoletG = f(E) = {(x,{a}, {b,c})

then G is 1aCS set in X since clintclG = @ S G but G is not ICS in X

since clG = C # G. Then the inverse image of each 10S in Y is 1&CS in X.
We are going to show that | contra semi-cont. does not imply | contra a-

cont.

Example: Let X = {a,b,c,d}and T = {fﬁ, X, A, B} where
A={(x{a},{b})and B = {x,0,{b,c})and let Y = {1,2,3} and
o = {0,7,C} where C = (y,®,{2}). Define a function f: X — ¥ by
fla)=1,f(b) = f(d) =3 and f(c) = 2. Now a set
G = f1(C) = {x,0,{c}) is ISCS in X since intclG=B < G but G is not
laCS in X since clintclG = B € G. So the inverse image of each 10S in Y
Is ISCS in X.

The following example shows that:

1. I contra 5-cont. does not imply | contra pre-cont.

2. | contra f-cont. does not imply | contra semi-cont.
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Example: let X=1{ab,cd} and T ={6,%,A4,B,C,D}
whered = {x,{a},{b,c}),B = {x,{c,d},{a}), C = {x,{a, c,d}, O} and
D ={(x,0,{a,bc) and let Y={1234}and o ={0,7,E} where
E = (y,{1,3},(2}. Define a function f:X =Y by
fla)=1,f(b) =2,f(c)=4andf(d)=3. Then a set G=
F7H(E) =(x,{a,d},{b}) is IBCS in X since intclintG = A S G but G is
not IPCS and ISCS in X sinceintclG = X € G soclintG =D € G. Then f
is | contra f-cont. function but f is not | contra semi-cont. and not | contra
pre-cont function. We are going in the following example to show that:

1. | contra gs-cont. does not imply | contra ag-cont.

2. | contra gs-cont. does not imply | contra g-cont.

3. | contra sg-cont. does not imply I contra g-cont.

Example: Let X={abc} and T={06XAB,C} where
A={x{c}{a,b}),B={x,{b},{c}) and C={x,{b,c},0) and let
Y={ﬁ,?,D} where D ={(y,{1},{3}). Define a function f:X =Y by
fl@=2,f(b)=1and f(c)=3. SOX={0,XAB,CEF} where
E={x{c},{b}y and F ={(x,{a,b},{c}). So aOX=T. We have
B = f~1(D) is lIgs-closed and Isg-closed in X since the only 10S and
ISOS in X that containing B is B,C and F so sclB = F = B. but B is not
lg-closed set and it's not lag-closed set in X since the only 1a¢OS in X
containing B is B and C and cIB = aclB = A &€ B or C. Therefore, fis |
contra gs-cont. (resp. | contra sg-cont.) function but not | contra ag-
cont.(resp. | contra g-cont) function.

The following example shows that:

1. | contra gs-cont. does not imply | contra ga-cont.

2. | contra g-cont. does not imply | contra ga-cont.

3. | contra ag-cont. does not imply | contra ga-cont.

Example: Let X={abc} and T={0,%A4B,C} where
A={x{a},{b,c}),B ={(x,{c}{a, b}y and C ={x,{a,c},{b}} and let
Y ={1,2,3} and ¢ = {6,7,D} where D = (y,{1},{3}). Define a function
fX->Y by fla)=1,f(b) =2and f(c) = 3.
SOX= {6,%,4,B,C,E,G,I,L,N} where
E =(x,{a},{c}),G ={x,{a,c}, 00,1 ={x,{a, b}, {c}),L =

(x,{c},{a}) and N = (x, {b, c},{a}).

So aOX= {0, X,4,B,C,G}. Then we have E = f~*(D) is lg-closed (resp.
lgs-closed, lag-closed) set in X since the only I0OS containing E is X and
clE = aclE = B € X but E is not lga-cosed since E € G where G is IaOS
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in X but aclE = B € G. Then the inverse image of each 10S in Y is lg-
closed (resp. lgs-closed and lag-closed) set in X.

The next example shows | contra gs-cont. does not imply | contra sg-
cont.

Example: Let X={abc} and T={6,XA4B,C} where
A={x{c}{ab}),B ={(x{a},{b,c}) and C={x,{a,c},{b}) and let
Y ={1,23} and o = {0,¥,E} where E = (y,{2},0). Define a function
f:X-=Y by fla)=1,f(b) =3 and flec)=2.
SOX= {0, %,4,B,C,D,F,L,K,M} where
D =(x,{c},{a}),F ={x,{a,c},0), L ={x,{bc}{a}) K=
(x,{a}, {c}) and M = (x, {a, b}, {c}).
Now let G = f~1(E) = (x, {c}, @), then G is lgs-closed set in X since the
only 10S containing G is X and sclG = X S X but G is not Isg-closed set
in X since G € F where F is ISOS in X and sclG =X € F. Then the
inverse image of each I0S in Y is 1 gs-closed set in X.

We are going to show | contra ga-cont. does not imply | contra a-cont.

Example: Let X={123} and T={0,XA4,B,C} where
A= {(x,{b},{a,c}) and B = (x,{a},{b, c}) and C = (x, {a, b}, {c}) and let
Y ={1,2,3}and ¢ = {0,¥,D} where D = (y,{2,3},08). Define a function
f:X=Y by fl@=1,f(b) =2and f(c) =3. a0X = {0,X,4,B,C,E}
where E = (x,{a, b},0). Soaset G = f~1(D) = {x,{b,c},0) is lga-closed
set in X since the only 1&OS containing G is X and aclG = X S X but G is
not 1&CS in X since clintclG = X & G then f is | contra ga-cont. function
but not | contra a-cont. function.

The following example shows that | contra gf-cont. does not imply |
contra gp-cont.

Example: Let X ={a,bc} and let T = {5,){“, A,B,C} where
A={x{a},{b,c}),B ={x,{b},{a,c}) and C ={x,{a,b},{c}) and let
Y ={1,2,3}Yand ¢ = {@,¥, D} where D = (y,{3}, {1,2}). Define a function
f:X-=Y by f(@)=1f®m) =3Ff()=2. BOX=1{0XAB,CE,
H,K,L,I,M,0,N,G,F,J} where
E = (x,{b},{a}), H = (x, {b}, {c}),K = {x,{b}, 0),L = {x,{a}, {b}),] =
(x,{a}, {c}), M = (x,{a}, 0),0 = (x,{b,c}, {a}), N = (x,{a, b}, 0),G =
{x,{b,c},0),F ={x,{a,c},{b}) and ] = {x,{a, c}, 0).

POX = {0,X,A,B,C,H,K,I,N,G,]}. Now a set B = f~*(D) is |gp-closed
set in X since B is 10S and fclB = B. But B is not 1gp-closed set since
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pclB =0 < B. Then f is | contra g/3-cont. since the inverse image of each
I0S in Y is lgB-closed set in X. so fis not | contra gp-cont. function.
This example shows that:
1. | contra pre-cont. does not imply | contra ga-cont.
| contra 5-cont. does not imply | contra gs-cont.
| contra gp-cont. does not imply | contra sg-cont.
| contra gp-cont. does not imply | contra e¢g-cont.
| contra g5-cont. does not imply | contra sg-cont.
6. | contra gf-cont. does not imply I contra gs-cont.

Example: Let X = {a,b,c}and letT = {ﬁ, X A4, B}Where
A= {(x,{a},{b}) and B = {(x, {a, b}, D) and let
Y ={1,2,3}and o = {6, ¥,U} where U = (y,{1},{3}). Define a function
f:X—=Ybyfla)=1,f(b) =2and f(c) = 3.
BOX = POX = {0,X A, B,C,D,E,F,G,H,1,],L,K,M,0,S,W,N,P,Z}
where
C=(x1{a},0),D =(x,{a},{c}), E = (x,{a,b},{c}),F =
(x,{a, c},0),G = {x,{a,c},{b}), H = (x,{a}, {b,c}),] = {x,{b,c},0),] =
{X, {b, C}, {(1}}, K= {X, {C}J E}}J L= {x, {C }J {ﬂ}},
M = (x,{c},{b}),0 = (x,0,{b,c}),S = {x,0,{b}), W = (x,0,{c}),N =
(x,{c},{a,b}), P = (x, {b},0)
and Z = (x, {b},{c}). so a0X = SOX = {0,X,4,B,C,F,G}. Then a set
D = f~*(U) is IPCS (resp. I5CS, Ip-closed set and 1g-closed set) in X
since clintD = intclintD = @ € D, so the only 10S containing D is B and
pclD = felD = D S B but D is not I gs-closed (resp. Isg-closed, 1ga-
closed, lazg-closed) set in X since the only 10S, 1&OS and ISOS containing
DisBandFsoclD=sclD=X €BorF.

In the next example we show that I contra sg-cont. does not imply |
contra semi-cont.

Example; Let X = {a,b,c}and T = {0, X, 4, B, C} where
A= {x{a},{b,c}),B = {x,{c},{a}) and C = (x, {a, c}, @) and let
Y ={1,2,3}and ¢ = {6, 7, D} where D = (v,{1,2},®). Define a function
f:X—=Ybyfla)=1,f(b) =2and f(c) = 3.
S0x ={0,X,4,B,C,E,F} where E = (x,{a}, {c}),F = (x,{b,c},{a}). So
let G = f~1(D) = {(x,{a, b}, ®) then G is Isg-closed set in X since the
only ISOS containing G is X and sclG = X < X but G is not ISCS in X
since intelG = X € G. So the inverse image of each 10S in Y is Isg-closed
setin X.

The following example shows that:

abhowd
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1- | contra g-cont. does not imply I contra sg-cont.
2- | contra gp-cont. does not imply | contra pre-cont.
3- | contra gp-cont. does not imply | contra sg-cont.
4- | contra gp-cont. does not imply | contra pg-cont.
5- | contra g 5-cont. does not imply I contra pre-cont.
6- | contra g3-cont. does not imply I contra 5-cont.
7- | contra g 5-cont. does not imply I contra sg-cont.
8- | contra g 5-cont. does not imply I contra pg-cont.

Example: Let X = {a,b,c}and T = {0, X, 4, B} where A = (x, {a, ¢}, 0)
and B = (x,{a},{c}).and let Y = {1,2,3}and ¢ = {0, V, H} where
H = (y,{1,3},0). Define a function f: X — Y by
fla)=1,f(b) =3 and f(c) = 2.
POX =p0X=P0OX=1{A,B,C,D,L,1,E,G, O,F,K,P,],SN,U,Z MW}
where
C=
(x,{a},0), D = (x,{a}, {b}),L = (x, {b}, {a}),] = {x,{b,c},0),E =
{X, {{1, C}, {b}}, G = {x, {{1, .E]}, {C}}J 0= {'X, m! {.EJ, C}}J F =
(x,{a, b}, 0),K = {x, {b},0),P = (x,{c}, D),
] =(x,{b,c}{a}),S = (x,0,{c})h, N ={x,{b},{a,c}),U =
(x,{a}, {b,c}), Z = {x,{c}, {(b}},M = (x, {b}, {c}) and W = {x, @, {b}).
SOX:{ﬁ, X A B,CF, G}. Now a set F = f~(H) is Ig-closed (resp. 1gp-
closed and | gf5-closed) set in X since the only 10S containing F is X and
clF = pclF = fclF = X € X but Fis not IPCS (resp, I5CS, Isg-closed
set, Ipg-closed) set in X since clintF = intclintF = X € F so
sclF =pdF=XZF.

In the last example we show that:

1- | contra ag-cont. does not imply | contra g-cont.

2- | contra ga-cont. does not imply | contra g-cont.

Example: Let X = {a,b,c}and T = {6,X, A, B} whereA = (x, {a, ¢}, {b})
and B = (x,{c}, {a,b}) and let Y = {1,2,3}and o = {0, Y, 1} where

I = (x,{2},{1,3}). Define a function f:X = Y by

f(a) = 2,f(b) = land f(c) = 3. 20X = {6,%X,A, B,C, D, E, F, M,H} where
C=(x{c}, (b}),D =(x,{c},0),E = (x,{c},{a}),F = (x,{b,c}. O),M =

(x, {b, c},{a})

and H = (x,{a, c}, 0). Now let G = f1(I) = (x,{a}, {b,c}) then G is lag-
closed and Iga-closed set in X since the only 10S containing G in X are A
and H so aclG = M = G € A and H. but G is not lg-closed set in X since
clG = B € A. We have the inverse image of each 10S in Y is Iga-closed

VE
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and lag-closed set in X and hence f is | contra gee-cont. function and |
contra ag-cont. function but not | contra g-cont. function.We summarized
the above result by the following diagram.

Diagram: The following implications are true and not reversed.
! \ (4 \ [ 1 \
cenos oot cone comtre
[l Pcone ‘,'_’\ Bgcont gp—m )‘_fl Po-cons ‘||
S = = I

r '
( I oxsrs {eomra l I Teontre \
L oxt ) O<ont ag _“‘ ‘ :;‘o(:a‘ ]
7

(=)

Definition: (Al-hawez, 2008) Let (X,T) and (Y,0) be two ITS's then a
function f:X — Y is said to be an intuitionistic slightly continuous (I
slightly cont., for short) if the inverse image of each clopen (closed and
open) setin Y is ICS in X.

Proposition: Let (X,T) and (Y,0) be two ITS's and let :X =Y be an |
contra cont. function then f is I slightly cont. function.

The proof is trivial.In the following example we show that | slightly cont.
does not imply | contra cont.

Example: LetX = {a,b,c} and T = {0,X, A, B} where A = (x, {a}, {c}) and
= (x{a,c}, 0) and let Y = {1,2,3} and o = {3, Y, H} where

H=(y, {1}, {3}). Define a function : X = Y by f(a) = 1,

f(b) = 2 and f(c) = 3. Then f is I slightly cont. function since the inverse

image of each clopen setin Y is ICS in X but f is not | contra cont. function

since f~(H) = Aisnot ICSin X.

Remark: Let (X, T) and (Y,0) be two ITS's and let fX — Y be a function
then | contra cont. function and I slightly cont. function are equivalent if:

1. (X, T) is discrete.

2. (X, T) is indiscrete.

3. (X, T) is disconnected.
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The following definitions are given in general topology by (Dontchev &
Noiri, 1998), so we generalized them on ITS's.

Definition: Let (X, T) and (Y,0) be two ITS's then a function f:X =Y is
said to be:
1- An intuitionistic semi-regular continuous (ISR-cont., for short) if the
inverse image of each I0S in Y is ISRS in X.
2- An intuitionistic completely continuous (I completely cont., for
short) if the inverse image of each 10S in Y is IROS in X.
3- An intuitionistic regular closed continuous (IRC-cont., for short) if
the inverse image of each I0OS in Y is IRCS in X.
4- An intuitionistic B-continuous (IB-cont., for short) if the inverse
image of each I0S in Y is IBS in X.

Proposition: Let (X, T) and (Y,0) be two ITS's and let :X =Y be a
function then the following statements are equivalent:

1- fis ISR-cont. function.

2- fis IB-cont. function and | contra semi-cont. function.

Proof: 1=2 Suppose that V be any I0S in Y then £~ (V) is ISRS in X (by
hypothesis) then f=1(V) is ISOS and ISCS so f~*(V) E clintf~*(V) and
intclf (V) € f~1(V).Now since f~1(V) C clintf (V) imply
f~2(V) € clintclf (V). Therefore, f~*(V) is IBOS and ISCS in X. Hence
f is Ip-cont. and | contra semi-cont. function.

2 =1 Suppose that U be 10S in Y then £~ (U) is IPOS and ISCS in X (by
hypothesis) then f~1(U) € clintclf ~*(U) and intclf ~*(U) € f~1(U). Now
we have intclf = (U) € f~1(U) E clintclf ~*(U). then f~1(U) is ISOS in X
also f~1(U) is ISCS in X. Therefore, f~1(U) is ISRS in X and hence f is
ISR-cont. function.+

Corollary: Every | contra cont. function and I3-cont. function is | semi-
cont. function.

Proof: Let (X,T) and (Y,0) be two ITS's and let f:X —= Y an | contra cont.
function and IB-cont. function, so for any 10S V in Y then f=*(V) is ICS
and 1BOS in X imply f~1(V) =cf (V) and f~1(V) € clintclf (V)
imply £=1(V) € clintf~*(V). Therefore, £~ (V) is ISOS in X. hence f is |
semi-cont. function.4

Proposition: Let (X,T) and (Y,0) be two ITS's and let X —Y be a
function then the following statements are equivalent:

1- fis I completely cont. function.

2- fis | pre-cont. function and | contra semi-cont. function.
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Proof: 1=2 Let V be I0S in Y then f=*(V) is IROS in X (since f is |
completely cont.  function) then f~*(V)=intcf 2(V) imply
f~2(V) € intcdf 1 (V) and intcdf ~1(V) € f~1(V). Therefore, f~1(V) is
IPOS and ISCS in X. Hence f is | pre-cont. function and | contra semi-cont.
function.

2=1 Let U be IOS in Y then f~*(U) is IPOS and ISCS in X (by
hypothesis) then f=(U) € intclf~*(U) and clintf~*(U) € f~2(U) imply
f~1(U) = intclf ~*(U). Therefore, £~1(U) is IROS in X. Hence f is |
completely cont. function.+

Proposition: Let (X,T) and (Y,0) be two ITS's and let X =Y be a
function then the following statements are equivalent:

1. fis IRC-cont. function.

2. fis IB-cont. function and | contra cont. function.

Proof: 1=2 Let V be 10S in Y then f~*(V) is IRCS in X (since f is IRC-
cont. function) then clintf~*(V) =f~*(V) hence f~*(V) is ICS in X
so clintf (V) € £ 1(V) and f~2(V) € clintf (V) imply
f=1(V) € dintclf~* (V). Therefore, f~*(V)is IBCS and hence f is I contra
cont. function and I3-cont. function.
2=1Let Ube IOS in Y then f~1(U) is IBOS and ICS in X (by hypothesis)
then f~1(U) € clintclf 1 (U) and cdf~1(U) =f~1(U) imply
f=1(U) S clintf~* (V) and cintf~*(U) € £-1(U) imply
f~1(U) = clintf~*(U). Therefore, f~*(U) is IRCS in X. Hence f is IRC-
cont. function.4

The next proposition was proved in (Dontchev, J. and Noiri, T. (1998))
in general topology so we generalized it into ITS's.

Proposition: Let (X,T) and (Y,0) be two ITS's and let X —=Y be a
function then the following statements are equivalent:

1. fis I contra semi-cont. function.

2. fis IB-cont. function and | contra gs-cont. function.

Proof: 1=2 Suppose that V be any I0S in Y then £~ (V) is ISCS in X (by
hypothesis). Now let A be 10S in X and f~*(V)SA then
f=2(V)=Anf2(V) imply £~ (V) is IBS, so f~(V) = sclf "1 (V) since
sclf ~1(V) = f (V) Uintcdf 2 (V) and intclf (V) & f~*(V). Hence for
each IOS A in X and f=*(V) € A then scIf "2 (V) € A. Therefore, =1 (V) is
Igs-closed set and IBS in X, so f is | contra gs-cont. function and I1B-cont.
function.

2 =1 Suppose that U be any 10S in Y then f~1(U) is IBS and ISCS in X
(by hypothesis). Then f~2(U) = A n G where A is 10S containing = (U)

Vé¢
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in X and G is ISCS in X. So sclf ~*(U) < A since f~1(U) is Igs-closed set.
Now

intclf =1 (U) = intcl (AN G) € int(clA N clG) = intclA N intclG €
intclAnG

since G is ISCS. So intdf *(U)NACSintclANnANG since
intcdf "1 (MU (U)=scdf 2(U)SA and ACSintclA. We have
intclf =1 (U) € An G = f~2(U). Therefore, f~*(U) is ISCS in X and hence
f is | contra semi-cont. function.¢

Corollary: Let (X,T) and (Y,0) be two ITS's and let f: X — Y be a function
then the following statements are equivalent:
1. fis | completely cont. function.
2. f is | pre-cont. function, IB-cont. function and | contra gs-cont.
function.

Proof: 1=2 Suppose that V is 10S in Y then f~1(V) is IROS in X (by
hypothesis). That is f =2 (V) = intclf = (V) imply £~ (V) € intclf ~*(V) and
intclf =1 (V) € £=1(V) then £=3(V) is IPOS and ISCS in X. Now let A be
I0S in X and f~3(V) € A then f=* (V) = Anf~2(V) imply f=1(V) is IBS.
So f~(V)=scdf (V) since scf (V)= f(V)Uintcdf (V) and
intclf ~* (V) € f~*(V) and hence for each 10S A in X and f~1(V) € A then
sclf =1 (V) € A. Therefore, =2 (V) is Igs-closed set, IBS and IPOS in X.
hence f is IB-cont. function, | pre-cont. function and | contra gs-cont.
function.

2 =1 Suppose that U is 10S in Y then f=2(U) is IPOS, IBS and Igs-closed
set in X (by hypothesis) then f=*(U) € intclf ~3(U) and f~*(U)=ANG
where A is 10S containing f~*(U) in X and G is ISCS in X so
sclf 71 (U) € A since f~*(U) is lgs-closed set. Now intclf~*(U) =
intcl(A N G) € int(clA N clG) = intclA N intclG € intclA N G since G is
ISCS so intcf *(U)nA S intddANANG since intcf *(U) U

f~1(U) =scdf (U)c A and A € intclA then
intclf 72 (U) € An G= f~1(U). Hence f~1(U) is ISCS in X, then we have
intclf~1(U) € f~1(U) and  f-1(U) Cintdf~1(U)  imply

f~1(U) = intclf ~*(U). Therefore, f~1(U) is IROS in X and hence f is |
completely cont. function.+

Vé¢o
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