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Abstract:

The aim in this article is to present and study several kinds of contra_( 1,2 )* _open functions
namely [ contra _( 1,2 )*_sg* open functions , contra ( 1,2 )* _ sg** open functions ,
contra_(1,2)*_sg*** open functions, contra_(1,2)* _(sg*, g) _open functions, contra _(
1,2 )*_ (9, sg*) _open functions ] in bitopological spaces. Also some of their propositions are
proven and we will discuss the relationship between these functions.

Keywords: (1,2 )* _sg* _open functions, contra _( 1,2 )* _open functions , contra (1,2 )* _
sg* open functions, contra _( 1,2 )* sg** open functions, contra ( 1,2 )* sg*** open
functions.
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1. Introduction:

In 1963, Kelly [1] introduced the notion of bitopological spaces .In [4] O. Ravi;etal introduced
and studied in(2011)the concept of (1,2)* _g_closed maps. In (2011) ,O. Ravi ;etal [5] studied and
investigated the properties of (1,2 )* sg*_homeomorphisms but he studied in (2015) , [7] (1,2)*-
g#-continuous function .In (2016) Dunya and Messaa[2]studied some types of (1,2)*-M-mtgb —
closedmapping . In (2017)some properties of tit,-dsemiopen and closedin bitopological spaces set
s was introduced by M. Arunmaran;etal .While , the concepts of contra_( 1,2 )*_Mg,-continuous
functions given and discussion by ( Mohana and Arockiarani)[9] and in (2018 )Mohammed ;etal.
Studied a new type of contra-continuity via § — 8 — open set s[10] .
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The aim of this paper is to introduce some new types of contra_( 1,2 )*_open functions. Also, we
given the relationships between these type of functions and study some their properties in
bitopological spaces.

Throughout this paper, H ,M and N denote bitopological spaces (H ,7;,73),( M, p;,p, ) and
(N, & ,&, ) respectively .

2. preliminaries:
Definition (2,1), [3]:- Let K& (X ,77,73), then Kis 73 ,_open (or (1,2 )*_open), if K=E UF,
where E€T; and F €75, . (7 ,_open ) “is 73 ,_closed (or (1,2 )*_closed) .
Definition (2, 2) ,[3]: Let K be a subset of a bitopological space (H ,7; , 75), then
(1) n{F-KcF:FisTJ; , closed } is 77 ,_closure of K
(2) V{EEEcK:EisT; ,_open}isT; ,_Interior of K.
Remark(2,3) , [4]:
Ti ,_open subset s of (H 77 ,75),it is not necessary form a topology.
Example (2,4): LetH={p,q,r}andlet ;={H,¢,{p, r}}and T, ={H, ¢,{g ,»}} ,then

Ti ,_open set in(H 77 ,7;) ={H, ¢, {p, »} {g ,7}} . It clear that T} ,_open subset s of (H
J1,73) is not form topology.

Definition(2,5), [3]:A subset K of a bitopological space(H ,7;,73)is(1, 2)*_semi_open if
Kctit cl(tits int (K)),the set (1, 2)*_semi_closedis the complement of (1, 2)* _semi_open set .
And the intersection of all (1,2)* _semi_closed set s of H containing K is (1,2)* _semi_closure and
symbolize it (1,2)* _scl(K) .

Definition(2,6 ) : Let (H,7;,7;) be a bitopological space and S € H, then S is:

1. (1,2)* _Generalized closed s [6] ((1, 2)*_g closed set ) if 73 ,_cl(S) = W whenever S < W
and W € (1, 2)*-open set in (H,7;,73).

2. (1,2)* _semi_Generalized_star_closed set [5] ( (1, 2)*_sg*_closed set ) if 73 ,_cl(S) c W
st.ScW ,Uis (1, 2*_semiopen set in (H,7;,75).

Remark(2,7) : In[5], [6] it is proved that in M bitopological spaces H

(i) Every 7] ,_closed (resp. 77 ,_open ) set inHis (1, 2)* _sg*_closed (resp. (1, 2)* _sg*_open)
set
(if) Everyd; ,_closed (resp. 77 ,_open ) set in His (1, 2)* _g_closed (resp. (1, 2)* _g_open ) set
(iii) Every (1,2)*_sg*_closed(resp. (1,2)*_sg*_open )set in H is (1,2)*_g closed (resp.
(1,2)*_g_open )set inH.

The family of all (1,2)* _g closed (resp.(1,2)* _g open ) set s and (1,2)*_sg*_closed(resp.
(1,2)* _sg*_open ) set s of (H ,7;,7,) will be denoted by (1,2)*_gC(H) (resp. (1,2)*_gO(H) )and
(1.2)* _Sg*C(H) (resp. (1,2)* _Sg*O(H)) .

Definition (2,8): A function A:(H,7;,7;,)—— (M, p1,p2 ) IS:

e (1,2)* _open (resp. (1, 2)* _closed) function [3] if for every 7; ,_open (resp. 7; ,_closed)
set Sin H A (S)is p; p,_open (resp.p; p,_closed) set inM
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e (1,2)*_g_open (resp. (1,2)* _g_closed )function [4] if for every 7; ,_open (resp. 73 , —
closed)set SinH , 2 (S)is(1,2)* _g open (resp.(1,2)* _g closed )set in M.

o (1,2)*_sg*_open (resp.(1,2)*_sg*_closed)function[5] if for every J7; , open (resp.
T; p_closed) set Sin H, A (S) is (1,2)*_sg*_open (resp.(1,2)* _sg*_closed)set in M.

o pre_(1,2)*_ sg* open ( resp. pre_(1,2)*_sg*closed function[5] if for every (1,2)* sg *
_open (resp.(1,2)*_sg*_closed)set SinH, A (S)is (1,2)*_sg*_open (resp.(1,2)*_sg*_closed
) in M.

e Contra_(1, 2)*.open (resp. Contra_(1, 2)*_closed) function if for every
T; ,_open (resp.J; ,_closed) set SinH , A (S) is p; pp_closed ( resp. p; p,_open) set in
M.

Definition(2,9),[4],[5]: A bitopological space (H,7;,7;) is called :

(1) (1,2)*_T1_space if every (1, 2)*_g_closed(resp. (1,2)*_g open) set in H is 7; ,_closed(resp.
1 ,-open)

(2) RM_space if any subs in (H,7;,7;) is either T} ,_open or 73 ,_closed .

Theorem(2,10),[5]: In RM—space H every(1, 2)* _sg*_closed(resp. (1, 2)* _sg*_open) set inH is
T3 ,_closed (resp.J; ,_open) set.

3. Certain Kinds of Contra _ (1, 2)*_open nctions :

In this section , we define and study some new types of contra (1,2)* open functions in
bitopological spaces . Now , we will introduce first type of contra_(1,2)* _open functions in the
following definition:

Definition (3,1): A function 2 :(H . 7;,75,) —> (M, p;,p,) is said to be contra
_(1,2)* _sg*_open functionif for every 7, open set S in (H 7,7,), 2 (S) is
(1,2)* _sg*_closedset in (M, p;,p2) -

Example (3,2): Suppose H =M={p, g, v} and 73 ={H, ¢, {#}} . > ={H ¢} p. ={M, 0.{q} }
, P2={M, o, {p} . {p .9} } Thenthesetsin{H, ¢, {p} } are called 7; ,_open setsinH, the
setsin={M, ¢, {p}.{qg}  {p g} }arecalled p;, _open setsin (M, p;,p,) ,and Sg*C (M,
PPz )={M, ¢, {r} . {p .7} . {g v} }. Define A : (HT},T) —> (M, p1,p2 ) by A (p)= 7, 4
(@)=g and A ()=p , clearly that A is contra_(1,2)* _sg*_open function .

Proposition (3,3): Every contra_(1,2)*_open function is contra_(1,2)* _sg*_open .

Proof: Let 1 :(H,7;,7,) —> (M, p;,p, ) be a contra_(1,2)*_open function and let S is
Ji ,_open set inH,since A is a contra_(1,2)*_open. Thus, A (S)is p;, - closed in M and by (
2,7) step-1- , we get , A (S) is (1,2)* _sg*_closedset in M . Hence , A is contra
_(1,2)* _sg*_open function.

To demonstrate that the inverse of the proposition(3,3) is not always correct we have Example
(3,4):

Example (3,4): LetH=M={p, g, »} with the topologies 7, ={H , ¢ , {p, 7}}, T, = {H, ¢},
p1={H ., o{p}}and p,={ M, ¢ {q 7}} thenT; ,_ open set in(H,71 ,T) ={H, ¢, {p, r}},
p1,2-open in (M, py,p2)={M, ¢{»}, {g 713} ,p12_closedin (M,py,p; )={M.0.{ #}{g 1},

and Sg*C(M, py, pz2 )={M.¢, {}{a}{r} {». a}{p», r}{g »}} . Define1: (H 71,7;) —>
M, pi,p2) by 4 (p= p , 2 (g)=q and A (r)=r , clearly that A is contra
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_(1,2)* _sg*_open function , but is not contra _(1,2)*_open . Since , for 7} ,_open set S={p,
r}inH A (S)=1{p, r})={p r}isnotp,, _closed setsin M.

To make the converse true we give the following proposition :

Proposition (3,5): If A :(H, 77 ,7,) — (M, p,, p, ) Is a contra_(1,2)* _sg*_open function and M
is a RM-space , then A is contra_(1,2)*_open .

Proof:-

Let SbeaJ; ,_open s inH. Since A is contra_(1,2)* _sg*_open function .Thus, 4 (S) is (1,2)* _
sg*_closed set in M, According to the assumption M is RM-space . Hence , A (S) is p,; , _closed
in M Therefore , A is contra_(1,2)*_open function .

Remark(3,6):The composition of two contra_(1,2)* _sg*_open functions doesn’t have to be
contra_(1,2)*_sg*_open :

Example (3,7):Let H =M=N={p.q,7} and let 7 = {H.¢{p}{».9}, > ={H.0.{4}}, p1={M
O{2yr o = {No{g 3} SE{NY &={Ng {» 3} then T, —open
in(H,77 , T)={H.o{pr}{a}{»r. 4}}, pi.-open  set s in (M, py,p;)={Md{»}{g
71} P12 closedin (M,py, p; )={M,0.{p}{g,7}}and &, ,-open setsin (N,$;, &) ={N, ¢ {p
7}} , define a function A : (H,77,7,) —> (M, p1,p2) by 1 (p)=p , A (g)=¢q and A (»)=7 and
v:(M,py, p) —>(N, &, &)by v(p)=g , v(g)=r and y(7)=p, It is observe that function A and y
are contra_(1,2)*_sg*_open functions, but yoA:(H7,7) —>(N,&,&) is  not
contra_(1,2)*_sg*_open , since for 7; , —open set S={g} inH ,y A (S)=y A1 ({g})=v (4
{a})=v (g)=risnot (1,2)*_sg*_closedin N .

Proposition(3,8):

Let A :(H, 77,7,) —> (M,p;,p,) be contra_(1,2)*_sg*_open function and y (M, p;,p2)
—>(N ,¢&;, &) be a pre_(1,2)*_sg*_closedfunction, then y o A:(H,7; , 75, ——>(N ,&;,&,) is
contra_(1,2)* _sg*_open function.

Proof:- Let S is 7; ,_open set in H,. Thus , 4 (S) is (1,2)*_sg*_closedin M. Also, since y is a
pre _(1,2)*_sg*_closed, then y(1 (S))=y o4 (S) is (1,2)* _sg*_closedin N .Therefore , y o
A:(HT:,75) —>(N, &, &) is contra_(1,2)* _sg*_ open function.

Proposition(3,9):
Let A :(H,7y ,7,)—(M, p;, p;) be(1,2)* _open functionand y :(M, p,;,p,) —>(N ,&;,&,) be a
contra_(1,2)*_sg*_open function , then yoA:(HT,7,) ——>(N ,&,&) is

contra_(1,2)*_sg*_open .
Proof :- Suppose S is 73 ,_open in H . Thus , 4 (S) is p;,_open set in M, since y is a
contra_(1,2)_sg*_open then y (A (S))=y oA (S)is (1,2)*_sg*_closed in N . Therefore ,y o
A(HT, 7)) —> (N, &, &) is contra(1,2)* _sg*_open function .
Proposition (3,10): Let A : (H .77 ,7, ) —> (M, p;,p,) be any function and y (M, p;,p2)
—>(N , &, &) be a contra _(1,2)* _sg*_open function , then y o A:(H,7; ,75) —>(N , &, &) is
contra(1,2)* _sg*_open if M is RM-space and A is

(i) (1,2)*_sg*_open .

(ii) pre _(1,2)*_sg*_open .
Proof
(i):-LetSbheaT; ,_ open s inH.Thus, A (S)isa(1,2)*_sg*_open in M, by hypothesis M is RM-
space. Then, A (S) is a p;, _open set in M, since y is a contra_(1,2) _sg*_open , then y (4
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(S)=v o1 (S) is a (1,2)* _sg*_closed in N . Therefore , y o 1:(H,7;,7;) —>(N ,&;,&,) is
contra(1,2)* _sg*_open function.

The proof of step-ii- similar to step-i- .

In the following another type of contra_(1,2) _sg*_open:

Definition (3, 11):

A function A :(H,77,7,) —> (M, py,p, ) is contra_(1,2)* _sg**_open function if for every
(1,2)* _sg*_open set Sin(H,7;,7,), 4 (S) is (1,2)* _sg*_closedset in (M, p;,p,) -

Example (3,12): Let H=M={p, g,v}and T;={H,¢}and 7, ={H,¢.{p}}, p:={M, ¢}.and
p2 ={M,¢.{p, r}}.then 7; ,_open in(H 7} ,73)=Sg*O(H,71,72)={H, ¢ {»}}  p1._open sets
in (M, p1,p2)={M.0.{pp 7}} ,p1, Closed set s in (M, py,p;)={M,0,{g}}, and Sg*C(M,
p1,p2 )={M.0{a}. {». 4}, {g 71}, define A :(HT:,T—(M.p1,p2)by 2 ()= 4 , A (g)=b
and A (=)=, thus 1 is contra (1,2)*_sg**_open function .

Proposition (3,13): Every contra_(1,2)*_sg**_open function contra (1,2)*_sg*_open .

Proof: Let 1 :(H,77,7;,) —> (M, p;,p,) be a contra_(1,2)*_-sg**_open function and let S be a
T ,_open set in H, by Remark(2,7) step-i we get S is (1,2)*_sg*_open in H. Also, we have 1 is
contra_(1,2)_sg**_open function. Thus, A (S) is(1,2)*_sg*_closed set in M . Hence , 1 is contra
(1,2)* _sg**_open function .

The converse of above proposition needn’t be true in general :

Example (3,14):- Suppose that H =M={p , ¢ , r}, 1 ={H , ¢}, > ={H, 0.{p ,7}}, p1 ={M, ¢,
{a}}  and p, ={M, ¢ {»}. {», 4}}. then T; ,_open setsin(H ,7; ,7;)={H .¢.{w ,»}}, Sg*O(H
J1,)={H¢ {p} {r}{p .71}, p12 open setsin (M, py,p;) ={M.¢ . {»} . {a}.{» .4} }
and p;, —closed setsin (M,py,p2)=Sg*C(M, p1,p2)={M,d, {r}{p »}{q , r}}. define 1 :(H
T, (M, pi,p2) by 4 (p)= g , A (g)=b and A (»)=r. It is clear that A is
contra_(1,2)* _sg*_open , but A is not contra_(1,2)*_sg**_open , since for (1,2)* _sg* open set
S={p}inH , f(S)=f({p})=q is not (1,2)* _sg*_closed set in M.

To make the converse true we give the following proposition :

Proposition (3,15): If A :(H ,7; ,7,) — (M, p,,p, ) is a contra_(1,2)* _sg*_open function and
His RM-space , then 4 is contra _(1,2)* _sg**_open..

Proof :- suppose S is (1,2)* sg*_open in H , we have H is RM-space , then by using
Theorem(2,9) we get, Sis 7; ,_open inH. Also, since A is a contra(1,2)* _sg*_open function .
Thus, A (S) is (1,2)*_sg*_closed inM . Hence A is contra_(1,2)*_sg**_open function.
Remark(3,16): The concepts of contra_(1,2)*_open function and contra _(1,2)* _sg**_open
function are independent .

Example (3,17): Let H=M={p ,qg,r}andlet ;={H, ¢ {p}}and 7, = {H, ¢,{p 7}},
p1={M, ¢}, p2={ M, ¢, {p #}} . then 71 , open setsin(H J; ,7;)=Sg*O(H 71 ,T2)={H , ¢
{r} {p 73} pi2open set s in (H p1,p2)= {Hof{p 73} ,pi2 cClosed set s in
(M,p1,p2 )={M,¢.{g}} and Sg*C (M, py,p2) = {Mofa} {». 9} . {g .} }, define 1

(HT, B)—M, pi,p)by 2 (p)= g , A (g)=b and A (»)=r , clearly 4 is
contra_(1,2)*_sg*_open function , but A is not contra_(1,2)*_open , since for 7; , —open set

S={p r}inH , A (S)=2({p »})={g v} isnotp,, closed set inM.

Example (3,18): Suppose H=M={p, ¢, } , 71 = {H, ¢} , 2= {H, ¢.{p .»}}, p1 ={M, ¢ {P} {7
o 3}.and p,={ M, ¢, {g ,7}} then T} ,_open setsin(H .77 ,75)={ H.¢.{p .7} }, p1> Open set
sin (M, p1,p2)={M.¢, {}, {» »}{q 7} } p1 closed set s in (M,p;,p; )={M.¢.{x}{q} {4
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73} Sg*OH 71, To)={H , ¢ {p}{r}{p »1}} and Sg*C (M, p1,pz) = {M, ¢ {#}, {4}.{g
7 H{p .q}}. Define A :(H 77 ,75) ——> (M, p1,p2) by A (p)= g, A (¢)=b and A ()=r, clearly A
is contra_(1,2)*_open function, but A is not contra_(1,2)*_sg*_open , since for (1,2)*_sg*_open
set S={r}inH ,1(S)=A1 {r})={r}isnot (1,2)*_sg*_closed set in M.
To make the converse true we give the following proposition
Proposition (3,19):
IfA:(H7,7)— (M, p1,p,) is acontra_(1,2)* _sg**_open function and M is RM-space ,
then 4 is contra _(1,2)* _open.
Proof: Let S be 73 ,_open inH, by (2,7)step-i- we get, Sis (1,2)*_sg*_open inH, also since
A is contra_ (1,2)* _sg**_open function . Thus , A (S) is a (1,2)*_sg*_ closed set in M, by
hypothesis M is RM-space , then by Theorem (2,10) we get , A (S) is a p;, _open set in M.
Therefore , A is contra _(1,2)*_open function
In the same way, we prove the next proposition .
Proposition (3,20): If 1 :(H,7; ,7,) —> (M, p,,p, ) is a contra_(1,2)*_open function and H is a
RM-space , then A4 is contra_(1,2)*_sg**_open.
Next, we Give some propositions about the composition of contra _(1,2)*_sg**_open function with
other (1,2)* _open and (1,2)*_closed function types :
Proposition (3,21): Let A:(H,7; ,75,) —> (M, p;, p, ) be any function and y: (M, p;, p;) —>(N
, €1, &) be contra_(1,2)*_sg**_open function jthen y oA:(HT,7,) —>(M ,&,¢&,) is
contra_(1,2)* _sg*_open. If 1 is

(1) (1,2)* _sg*_open nction.

(i1)(1,2)* _open nction .
Proof
(i) Let Sbe 7; ,_open inH by hypotheses A is (1,2)* _sg*_open function . Thus , A (S) is
(1,2)* _sg*_open set in M . Also, since y is a contra _(1,2)* _sg**_open function , then y (1
(S)=(y o A)(S) is (1,2)*_sg*_ closedin N . Therefore ,y o A:(H7;,7;) —>(N ,&;,&,) is
contra_(1,2)*_sg*_open.
The prove of part-ii- similar to part -i- .
Proposition (3,22): Suppose A :(H,7;,7;) —> (M, p;,p,) be a pre_(1,2)* _sg**_open function
and v :(M, py,p) —>(N , &4, &) be a contra_(1,2)*_sg**_open function , then y o
A(HT,T) —> (N, &, &) is contra_(1,2)* _sg**_open function .
Poof :- Suppose S is (1,2)* _sg*_open set in H, since A is a pre_(1,2)*_sg_open function .
Thus, A (S) is (1,2)*_-sg*_open set in M. Also, since y isa contra _(1,2)* _sg**_open function
,then ¥y (A (S))=y o 4 (S) is(1,2)*_sg*_closed in N . Therefore , y oA:(H,7;,7,) —>(N
, &1, &) is contra_(1,2)* _sg**_open .
Proposition (3,23):
Let A:(H , 77 ,75) —>(M,p;,p;) be a contra_(1,2)* _sg**_open function and y (M, p;,p;)
—>(N , &4, &) be a pre_(1,2)*_sg*_closed function , then y o A:(H,7;,7;) —>(N , &, &) is
contra(1,2)* _sg**_open .
Proof:- Suppose S is (1,2)*_sg*_open in H, since A is a contra_(1,2)*_sg**_open function .Thus,
A (S) is (1,2)*_sg*_closed in M. Also , since y is a pre _(1,2) _sg*_closed , then y (1 (S))=y o 1
(S) is a (1,2)*_sg*_ closedin N . Therefore , yoA:(H7;,7,) —>(N ,&,&) is
contra_(1,2)*_sg**_open function .
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Remark(3,24):

If A:(H,7;,7,) —(M, py, p2)is contra_(1,2)*_sg**_open and y :(M,p,,p,) —>(N , &, &) s
(1,2)* _closed ((1,2)*_sg*_closed )function, then y o A:(H,7; , 75, ——(N, &;, &) is not necessary
contra_(1,2)*_sg**_open function . As shows in (3,25)

Example(3,25): Let H=M=N={p,q , r}and let 7, ={H , ¢ {p}{p »}} .7 ={H, 6.{g »}},
pr={m , ¢} , p2={M0{p}{g 71} &H={N.o{p}land &={N.¢.{q4}.{» g}}then T; ,_open
in(H,77 , 72)={H.¢ {p}{p.,7}{4.7}}.p1._openin (M, p;,p; )={M.¢.{#}. {4 .7}} . p1,. Closed
setsin (M,pq,pz )={M,0.{z}.{g.7}}.then &, ,_open setsin (N.$y, $3)= {N.¢, {»}{q}{» 4}}.
define a function A:(H,7;,7,) —>(M,p1,p2)by A (p)= p.A (g)=g and A ()= and define
v:(M,p;,p,) —>(N ,&,&E)DY v (p)=v (g)=r and y (7)=g. It is observe that A is
contra_(1,2)* _sg**_open function and y is [(1,2)*_sg*_closed and (1,2)*_closed] function. But
yod(H7,7,) —>(N, &, &) is not contra_(1,2)*_sg**_open function,  since
for(1,2)*_sg* _open set S={r}inH ,y A (S)=ycd {rPD=y A {r}PD=v =y (=)=q is not
(1,2)*_sg*_closed setsinN .

To make (3,24) true we must add another condition as we will notice in (3,26):

Proposition(3,26):
Let A:(H73,7,) — (M, py,p, )be a contra_(1,2)*_sg**_open function and y :(M,p;,p2)
—>(N, &, &) be any open function, then yoA:(HT,7,) ——(N,¢&,&)is

contra_(1,2)*_sg**_open .If M is RM_ space and

(i) yis(1,2)* _sg*_closed function.

(i) y is (1,2)* -closed function .
Proof:-
())Suppose S'is (1, 2)* _sg*_open s inH,. Thus, A (S) is (1,2)*_sg*_closed in M, by hypothesis
M is RM_ space and by Theorem(2,10) we get A (S) is a p; ,_closed in M, and also since y is
(1,2)* _sg*_closed function, then y (A (S)) =y A (S).isa (1,2)* _sg*_closedin N . Therefore,
Yo L:(HT,,T5) —>(N, & &) is contra _(1, 2)*_g**_open function .
The prove of part-ii- similar to part -i- .
In the following , we will Give another type of contra_(1,2)*_sg*_open functions which is called
contra_(1,2)*_ g***_open :

Definition (3,27): A function :(H,7,,7,) —> (M, py,p,) is contra _(1,2)* _sg***_open
function if for Every (1,2)* _sg*_open set Sin (H7;,7;), 4 (S) is p;, _cClosed set in (M,
P1,P2) -
Proposition (3,28): Every contra_(1,2)* _sg***_open function is

0] contra_(1,2)*_open .

(i) contra_(1,2)* _sg**_open .

Proof:

(i) Let A :(H7,,73) —> (M, p;,p,) be a contra_(1,2)*_sg***_open function and let S is
Ji , —open set in H, by Remark(2,7)step-i- [ Every 7; ,_open set is (1, 2)* _sg*_open] so
we get Sis (1,2)*_sg*_open inH . Also, since A is a contra_(1,2)*_sg***_ open function .
Thus, (S)is p;, closed in M. Hence, 4 iscontra_(1,2)*_open function.

(i): Let A :(H7;,75) —>(M,p,, p,) is contra_(1,2)* _sg***_open function and let S be (1,
2)* _sg*_open in H ,since A _is contra_(1,2)* _sg***_ open function . Then , 1 (S) is pi,_
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closed in M and by (2,7) step-i- So , we get 1 (S) is (1,2)*_sg*_closed in M. thus, A is contra
_(1,2)*)* _sg**_open function .
Corollary (3,29): Every contra_(1, 2)*_sg***_open function is contra_(1,2)*_sg*_open .
Proof:- This follows proposition (3,28) part (i) and proposition (3,3) .
To demonstrate that the inverse of the proposition (3,28) and Corollary (3,29) not always correct,
we have the next example:
Example(3,30):-
(YLetH=M={p.gr} 71 ={H, ¢{p, 73}, . ={H, ¢}.{M, ¢ {p} {», '} } , and p, ={M., ¢ {g
7 }}, then 73 , —open setsin(H ,7; ,7,)={H ,¢ {» ,7}}, p1._open setsin (M, p;,p,) ={M,
{r}¥{py »} {a 71} pio_closed in (Mpy,p, )={M, ¢ {#} {a}{4 1} Define 1
(HT, 75 —M, p1,p2) by 2 (p)= g , 1 (g)=b and A ()=r. It is observe that 1 is
[contra_(1,2)*_open and contra_(1,2)* _sg*_open ] function , but 4 is not contra
_(1,2)*_sg***_open , since for (1,2)*_sg*_open set S={r} inH , 1 (S)=1 ({r})={r} is not
P12 _closed in M.
(i) LetH=M={p ,q .7}, T1={H, 0}, T ={H ., ¢{p} . {» 7»}} p1={M, ¢} , and p, ={M, ¢ ,
{», r}} then 71 ,_open setsin(H .71 ,73)={H .0{»} {» .7}}  p1. open setsin (M, p;,p;)
={M,¢ {p 7}}, p1,_Closed sets in (M,p;,p, )={M, ¢ , {g}}. Define 1 :(HT;,T, )—>(M,
p1,P2) by A (p)=q , A (g)=b and A (»)=r. It is observe that A is contra_(1,2)* _sg**_open, but
A is not contra_(1,2)*_sg***_open , since for (1,2)*_sg* open set S={p »}inH , 1 (S)=1
{» 7})={g »}isnotp,, closed set in M.
To make (3,28) and(3,29) are true we must add another condition as we will notice in (3,31):
Proposition (3,31): If 1 :(H,7; ,7,) —> (M, p,,p, ) is a contra_(1,2)*_open function and H is a
RM_ space then A4 is contra _(1,2)*_sg***_open .
Proof:- Suppose S be (1,2)* _sg*_open inH, since H isa RM _space .Hence, S is 73 ,_open in
H . Also , since 4 is contra(1,2)* _open function .Thus, 4 (S) is p;, closed in M. thus 4 is
contra_(1,2)* _sg***_open
Proposition (3,32): If A :(H,7; ,7;) —> (M, p,,p, ) is contra_(1,2)* _sg*_open function and H,
M are two RM-spaces, then A is contra _(1,2)* _sg***_open .
Proof :- Let S be (1,2)* _sg*_open inH, since H is a RM _space .Hence, S is 7; ,_open inH
.Since, A is contra_(1,2)* _sg*_open , this lead A1 (S) is (1,2)*_sg*_closed in M and by
assumpotion M is RM _space . Hence , 4 (S) is p;, closed in M . Therefo , 4 is contra
_(1,2)* _sg***_open.
In the same way we will prove (3,33) :
Proposition (3,33) : If 1 :(H,7; ,75) —> (M, p;, p; ) is a contra_(1,2)* _sg**_open function and
M is RM—spaces , then A4 is contra _(1,2)*_sg***_open .
The composition of contra _(1,2)*_sg***_(1,2)*_open functions with other (1,2)*_open and
(1,2)*_closed functions types will be given in the following propositions :
Proposition(3,34): Let A :(H, 7y ,7, —(M ,p;, p,) be contra_(1,2)* _sg***_open function and
Yy (M, p1,p;) —> (N , &, &) be any function ;then y o A:(H, 77, 5) —> (N, &, &) is
contra_(1,2)* _sg***_open ,if y is

0] (1,2)*_closed function

(i) (1,2)*-sg*-closed function

Proof:
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(i) Suppose S'is (1,2)*_sg*_open inH ,. Thus , A (S) is p;, closed set in M. Also , since y is
(1,2)*_closed function, then y(4 (S))=y < A(S).is a & ,_ closedin N. Hence, yo
A:(HT, ) —(N, &, &)is contra_(1,2)*_sg***_open function . And in the same way ,part(ii)
can be proved

Proposition(3,35): Let A:(H ,7; ,7, ) ——>(M, p;, p) be contra_(1,2)* _sg***_open function and
v:(M, py,p2) —> (N, &, &) be pre_(1,2)*_sg*_closed function, then y o A:(H, 7, T,) —>
(N, &, &) iscontra_(1,2)*_sg**_open .

Proof:- Let S be (1, 2)*_sg*_open inH,. Thus, A (S) is p,, _closed in M, by (2,7) step-i- we get ,A
(S) is (1, 2)* _sg*_closed in M and since y is a pre_ (1, 2)* _sg*_closed function, then y (1
(S)=yoA(S) is (1, 2)* _sg*closed in N. Hence,yod:( HJT,T,) —>(N,&,&)is
contra_(1,2)*_sg**_open function .

In the same way we will prove (3,36) :

Proposition (3,36):Let A :(H,7; ,75) —> (M, p;,p, ) be (1,2)* _open (resp . (1,2)* _sg*_open)
function and y:(M,p;,p;) —>(N, &, &) be contra_(1,2)*_sg***_open function, then yo
A:(HT,T,) —(N, &, &) is contra_(1,2)*_sg*_open .

Proposition(3,37) :

Let A:(H,7; ,75) —> (M, py,p, )be a pre_(1,2)* _sg*_open function and y : (M, p;,p2)
—>(N, &, &) be a contra_(1,2)*_sg***_open function, then y o A:(H,7;,7,) —>(N, &, &) is
contra_(1,2)*_sg***_open
Proof:- Let S be (1,2)* _sg*_open set in H, since A is pre_ (1,2)*_sg*_open function .Thus , A
(S) is(1,2)* _sg*_open in M . Also, since y is a contra_(1,2)*_sg***-open function, then y (1
(S)=y oA (S) is &, closed in N . Therefore , yoA:(H7;,7;) —>(N &, &) is
contra_(1,2)*_sg*** open function
4.Contra_(sg™*, g)_open functions and Contra_(g, sg*)_open functions :

In this section, we will Give and study new types of contra_(1, 2)*_sg*_open functions namely
[contra_(sg™*, g) _open functions and contra_(g, sg*) _open functions] in bitopological spaces.
Definition (4,1): A function 1 :(H,7;,7,) —> (M, p;,p,) is contra _(1,2)* _(sg*,g)_open
function if for every (1,2)*_sg*_open set,Sin (H7;,7,), 4 (S)is (1,2)*_g_closed set in (M,
P1,P2) -

Proposition (4,2): Every contra_(1, 2)*_sg**_open function is contra _(1,2)* _(sg*,g)_open.
Proof : Suppose S be (1,2)* _sg*_open in H, since 1 is a contra_(1, 2)* _sg**_open function
.Thus , A (S) is(1,2)* _sg*_closed in M, by[Every (1,2)*_sg*_closedis (1,2)*_g_ closed]. Then, 4
(S)is (1,2)*_g_ closed in M. Therefore , A is contra _(1,2)*_(sg*,g)_open function.

Corollary (4,3): Every contra_(1, 2)*_sg***_open function is contra_(1,2)* _(sg*,g)_open.
proof : It can be proven using proposition (3,28)part-ii- and proposition(4,2) .

The converse of above proposition and Corollary need not be true as seen from the following

Example:

Example(4,4): LetH=M={p ,q ,r}and let ;={H, ¢ ,{p}}and 7, ={H, ¢.{9}.{p» .9} }.
p1 ={M, ¢}, and p, ={M,¢,{p}}.Then, the 7; ,_open in

(H71,72)=Sg*0(H, 71, To)={H.0.{p} {a}{» .4}}, p 1 ._0pen setsin (M, ps, p, )={M, ¢.{p}},
p 1 _Closed setsin (M, py, p;)=Sg*C(M, p1, p2)={M, ¢.{g ,}} and gC(M, p, p, )={M, ¢

Aa} Ar}tda 73wy a}{p »}} Define 1 :(MT;,73) —> (M, p1,p2 ) by A (p)=p . A (g)=7
and A (r)=q . Clearly A isacontra_(1, 2)* _(sg*, g) _open nction. But A4 is not [contra-(1,
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2)* _sg***_open and is not contra_(1, 2)* _sg**_open ] function, since for (1,2)* _sg*_open
S={p .gq}yinH,A1(S)=1{p .g})={p »}isnotp, , closed(resp. (1,2)* _sg*_closed ) in M.
Proposition (4,5) Give the condition to make proposition(4,2) and Corollary(4,3) are true :
proposition(4,5): If A :(H,7; ,75) — (M, p;,p, ) is a contra_(1,2)*_(sg*,g)_open function and
Misa(1,2)*_T,/, space,thenA is

0] Contra (1, 2)* _sg***_open function.

(i) Contra _(1, 2)*_sg**_open function .
Proof
(1): Let S be(1,2)*_sg*_open set in H, since A is contra_(1, 2)*_(sg*,g)_open function .Thus A
(S) is(1,2)*_g_ closed in M ,since M is (1,2)*_T;,, space,then A (S)isa p, ,_closed set in M.
Therefore , A is contra _(1,2)*_sg***_open function. And in the same way, part (ii) can be
proved
Remark(4,6): contra_(1,2)*_open functions and contra _(1,2)*_sg*_open functions are
independent with contra_(1, 2)* _(sg*,g)_open functions :
Example(4,7):
() Suppose H =M={p.q +} l1={H , ¢} T2 ={H ., ¢{» 7} } p1={M , ¢.{x}} , and
p2 ={M,¢0,{p ,»}} Then, the T; ,_open setsin (H,7;,7;)={H.¢.{» .} }, p1, —open setsin
M, p1,p2 )={M0{p}{p 7}} and p,, closedin (M, p;,p;) ={M, ¢.{g}.{g ,7}.Define 1
‘(H7, 75— (M,p1,p2) by 4 (p)=qg, A (g)=p and A ()=r. Clearly A is [contra _(1, 2)*_open
and contra_(1, 2)*_sg*_open ] function. But A is not contra_(1, 2)*_(sg*,g)_open function, since
for (1,2)*_sg*_open set S={r}inH, A (S)=1 {r})={r}isnot (1,2)* g_closed in M.
(if) Suppose H =M={p,q, »}, 73 ={H, ¢}and 7, ={H, ¢,{»}}, then the 7 ,_open set s in
(HT1,73) ={H , ¢{p}}and 71 , closed in (H,73,7; )={M,¢.{g.7}} .Define 1 :(H7;,7;) —>
(H, 77,73 )by A (p)=r,1 (g)=q and A (»)=p . Clearly A is a contra_(1, 2)*_(sg*,)_open function .
But 4 is not [ contra _(1, 2)*_open and contra_(1, 2)*_sg*_open ] function, since for 7; ,_open
set S={p}inH, 1 (S)=1 ({p})={r}isnot[ T; ,_closed and is not (1,2)* _sg*_closed ]set in M.
To make (4,6) true we must add another condition as we will notice in (4,8):
Proposition(4,8): If 1 :(H,7; ,75) —> (M, p;,p, ) is a contra_(1,2)*_(sg*,g)_open function and
Mis (1,2)*_T,/, space,thenA is

0] Contra (1, 2)*_open function.

(i)  Contra (1, 2)*_sg*_open function .
Proof
(i): Let S be 73, —open set in H, since [ all 73, — open set is (1,2)*_sg*_open ].Thu, S
is(1,2)*_sg*_open in H . Also ,since 4 is contra_(1, 2)*_(sg*,g)_open function .Thus A (S)
is(1,2)*_g_ closed in M ,since M is (1,2)*_T,,, space , then A (S) is a p, ,_closed set in M.
Therefore , A is contra _(1,2)*_open function. And in the same way, part (ii) can be proved
Proposition(4,9): If A :(H,7; , 5) —> (M, p,, p, ) isa contra_(1,2)*_open function and H is RM_
space , then A is contra_(1,2)* _(sg*,g)_open function .
Proof :Suppose S is (1,2)* _sg*_open inH, since H isa RM _ space , then Sis 7; ,_open inH
Also , since 4 is contra_(1,2)*_open function .Thus, A1 (S) is p; ,_closed in M and by using
(2,7)step-ii- we obtain , A (S) is (1,2)* g_ closed in M. Therefore , A is
contra_(1,2)* _(sg*,g)_open function .
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Proposition(4,10): If 1 :(H,7; ,75) —> (M, p;, p, ) is a contra_(1,2)*_sg*_open function and H
is RM _space , then 4 is contra_(1,2)*_(sg*,g)_open function .
Proof : Suppose S is (1,2)* _sg*_open inH ,since His RM _ space, thenSis 7; ,_open inH
Also , since A is contra_(1,2)* sg * _open function. Thus, 4 (S) isa (1,2)* _sg*_closed in M and
by using Remark(2,7)step-iii-we obtain, A (S) is (1,2)*_g_ closedin M. Therefore , 1 is
contra_(1,2)*_(sg*,g)_open .
The following anther type of contra_(1,2)*_(sg*,g)_open  functions, which is called
contra(1,2)*_(g ,sg*)_open function.
Definition(4,11): A function A :(H,7;,7,) —> (M, py,p, ) is said to be contra _(1,2)*_(g¢
,sg*)_open function if for every (1,2)*_g_open set Sin (H,7,,7,), 4 (S) is (1,2)* _sg*_ closed
set in(M, p1,p2) -
Proposition(4,12): Every contra_(1,2)*_(g, sg*)_open function is contra_(1,2)* _sg**_open
function .
Proof: Let S be (1,2)*_sg*_open set inH, by Remark(2,7)step-iii-,we get S is (1,2)*_g_open
in H, since A is a contra_(1, 2)* _(g ,sg*)_open function .Thus, A (S) is(1,2)* _sg*_closed set in
M . Therefore A is contra_(1,2)* _sg**_open function.
Corollary (4,13): Every contra _(1, 2)*_(g, sg*)_open is
0] Contra_(1,2)* _(sg*,g)_open function .
(i) Contra_(1,2)*_sg*_open function .
proof:(i) It can be proven using proposition (4,12) and proposition(4,2).
(i) It can be proven using proposition (4,12) and proposition(3,13).

The next Example show that the inverse of proposition(4,12) and Corollary(4,13) need not be true:
Example(4,14):
Suppose H =M={p.q.r}, T1={H, ¢{»}} . ={H . ¢}, p1={M, ¢.{x}}, and p,={M, ¢,
{a}{».a}}-Then, the 71 ,_open in (H,7;,7;) ={H.¢{»}} . p 1 2_0pen setsin (M, p;,p;)={M,
o{z} {a}{» .4}} and p, , closed in (M, py,p, )={M, ¢ {r} . {» 7} .{q 7} } . Define 1
(H, 7 ,75) — (M, p1,p2) by A (p)=r, A (g)=g and A ()=p . It is observe that 1 is [contra -
(1,2)*_sg**_open and contra_(1, 2)* _sg*_open and contra_(1,2)* _(sg*,g)_open function . But
A is not contra_(1, 2)* _(g ,sg*)_open function since for (1,2)*_g_ open set S={g}inH 6 1
(S)=2 {g})={g} is not (1,2)* _sg*_closed set in M.
To make (4,12) and(4,13) are true we must add another condition as we will notice in (4,15):
Proposition (4,15): A function A :(H,7;,75) —> (M, p;,p, ) is a contra_(1,2)* (g ,sg*)_open
function ifHis (1,2)*_T;,, spaceand 4 is

0] Contra (1, 2)* _sg*_open function.

(i)  Contra (1, 2)*_sg**_open function .
Proof
(i): Suppose S is (1,2)*_g_open inH, since H is (1,2)*_T;,, space,then S is 7; ,_open set in
H. Also, since A is contra_(1, 2)*_sg*_open function .Thus A (S) is(1,2)*_sg * _closed in M .
Therefore , A is contra _(1,2)* _sg*_open function. And in the same way ,part(ii)can be proved.

Proposition (4,16): If 2 :(H,7; ,7,) — (M, p;,p2 ) is a contra_(1,2)*_(sg*,g)_open function and
H ,Mare (1,2)*_T,,, spaces, then A is contra_(1,2)*_(g, sg*)_open function.

Proof: Let S be (1,2)*_g_open inH, since H is a(1,2)*_T;,, space,thenSisJ; ,_open inH and
by (2,7) step-i- , we obtain S is (1,2)* _sg* open in H . Also, since 4 is contra_(1,
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2)* _(sg*,g)_open function .Thus A (S) is(1,2)*_g_ closed set in M, by hypotheses M is
(1,2)*_T,/, space . Then , 4 (S) is a p,,_closedin M and by (2,6)step-i- , we get A (S) is
(1,2)* _sg = _closed inM . Therefore , A is contra _(1,2)* _sg*_open.

Remark(4,17): contra _(1,2)* open functions and contra _(1,2)* _sg***_open functions are
independent to contra_(1, 2)* _(g, sg*)_open functions . see the next Examples :

Example(4,18):

()Suppose H=M={p, g .}, T3 ={H p{p}tand 7, = {H ,o{p.7}} .Then , the T; ,_open
inH,77,)={H , o {p}{pr}} and T} , _closed setsin (H,7;,7,) ={ H, ¢,{g} {g .7 }}.Define
‘(H7;,7,) —>(H, 77, T3)by A (p)=g, A (¢)=p and A (+)=r.Clearly A is [contra_(1, 2)*_open and
contra_(1, 2)* _sg***_open ] function. But A is not contra_(1, 2)*_(g ,sg*)_open function ,since
for (1,2)* g open S={r}inH, 1 (S)=A ({r})={r}is not (1,2)* _sg*_closed set in M.

(i) Let H=M={p, g, r}and let 7;={H, ¢}, T, ={H, ¢,{» .7} } then the T} ,_open setsin
(HT1, %) = {H, o{x}} . p. ={M0{x}{a, }} p2={M.0{p 7}} then p;, open in (M
P1, P2){ M {3 Ap 7}{a.7}} p12_closed in(M, py1, pz )={M.0.{p} {4} {4.7}},.Define 1
‘(H7,55)—(M, p1,p2) by 2 (p)=p , 1 (g)=r and A ()=q . Clearly A is contra __(1, 2)* _(sg*,
g) _open nction. But A is not [contra_(1,2)*_sg***_open and is not contra_(1,2)*_open
]function , since for (1,2)* _sg*_open set S={p »} inH , A1 (S)=1 {p »}D={p g} is not
p 1 »_Closed set in M.

To make (4,17) true we must add another condition as we will notice in (4,19):

Proposition (4,19):A function A :(H,7;,7,) —> (M, p,,p, ) is a contra_(1,2)* (g ,sg*)_open
function ifHis (1,2)*_T;,, space,and 4 is

(i) Contra _(1, 2)*_open function. ,

(ii)Contra _(1, 2)* _sg***_open function .

Proof

(i):Let Sis (1,2)*_g_open in H, by hypotheses H is (1,2)*_T; ;, space .Thus,S is 7; ,_open in H.
Also, since 4 is contra_(1, 2)* _open .This lead A(S) is p;, _closed in M (since all p;, _closed
is(1,2)*_sg*_closed).Hence, A (S) is (1,2)*_sg*_closedin M. Therefore , A is contra_(1,2)*_(g
,sg*)_open function .

And in the same way , part(ii)can be proved.

Proposition (4,20): If A :(H,7;,7,) —> (M, py,p, ) is a contra_(1,2)* _(g ,sg*)_open function
and M isa (1,2)*  RM_ space , then 4 is

(i) Contra_(1,2)*_open function ,

(if) Contra (1,2)* _sg***_open function .
Proof
(i):Let S be 77 ,_open inH , by (2,7) step-ii- we get , S be (1,2)*_g_ open in H ,and since 4 is
contra_(1, 2)* (g ,sg*)_open function .Thus, A (S) is (1,2)* _sg*_closed in M . BY hypotheses M
is _space , then, A (S) is p, ,_closed in M Therefore , A is contra_(1,2)*_open
function. And in the same way ,part(ii)can be proved.
Some properties and results about the composition of contra_(1,2)*_(sg*, g)_open functions and
contra_(1,2)*_(g ,sg*)_open functions will be Given in the following .
Proposition(4,21):
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LetA:(H,T; ,7;)—— (M, py,p2)is pre_(1,2)* _sg*_open functionand y : (M, p;, p,) —>(N
, €1, &,) be contra_(1,2)*_(sg*,g)_open function, then y o A:(H,7;,75)—(N , &, &) is contra
_(1,2)*_(sg*,g)_open .

Proof:-suppose S is (1,2)* _sg*_open inH, .Thus, 4 (S) is(1,2)* _sg*_open in M. Also , since y
is contra_(1,2)*_(sg*,g)_open function , then y (A4 (S)) is (1,2)* _g_closed set in N. But,
Y(A(S))=y 2 A (S).. Therefore , y o 1:(H, 77 ,7;,) —>(N, &, &) is contra_(1,2)*_(sg*,g)_open .
Proposition(4,22):

Let A :(H,7; ,7,) —> (M, p;,p, ) be a pre-(1,2)* _sg*_open function and y : (M, p;,p2)
—>(N ,¢&;,&) be contra_(1,2)*.(g ,sg*)_open , then yo A :(HJ;, ) —>(N ,&,&) is
contra_(1,2)*_sg**_open function

Proof:- Let S be a (1,2)* _sg*_open inH, since A isa pre_(1,2)* _sg*_open function .Thus, A
(S) is(1,2)*_-sg*_open in M and by Remark(2,7) step-iii- we get , A (S) is (1,2)*_g_open in M.
Also , since y is contra _(1,2)*_(g ,sg*)_open function, then y (4 (S)) is (1,2)* _sg*_closed in N.
But, y(A(S))=y o A (S). Therefore , y o 1:(H,77,7;) —>(N , &;, &) is contra _(1,2)*_sg™**_open
function.

Corollary(4,23):Let A :(H,7;,75)——>(M,p,,p,) be a pre (1,2)*_sg*_open function and y

‘(M,p;,p,) —>(N  ,&,&) be contra_(1,2)*.(g ,sg*)_open function,  then
Yy e A(H;Tl 17'2)—)(N’ 51’52) iS
0] Contra_(1,2)*_sg*_open function. , (ii) Contra_(1,2)*_(sg*,g)_open .

proof(i):1t is follows from (4,22) and (3,13).
proof(ii):It is follows from (4,22) and (4,2).
Proposition(4,24): suppose A:(H,7;,7;) ——(M, p;,p,)be any function and y: (M,
p1,p2)—>(N  ,&,&) Dbe contra(1,2)*.(g ,sg*)_open function, then yo
A:(HT, ) —(N&, &,)is contra_(1,2)*_sg*_open. If A is

0] (1,2)* _open nction.

(i)  (1,2)*_sg*_open nction.

@iii)  (1,2)*_g_open nction.
Proof
(i): Suppose S is 73 ,_open in H .Thus,A (S) is p;,_openin M, by (2,7)step-ii- we get, A (S) is
(1,2)*_g_open in M Also , since y is acontra_(1,2) (g ,sg*)_open,then y (1(S))=yo 4 (S)isa
(1,2)*_sg*_closed in N . Therefore , y o A:(H,7;,7;) —>(N , &, &,) is contra(1,2)*_sg*_open
function . And in the same way ,part(ii)can be proved.
Proposition (4 ,25): LetA:(H,7; ,7,) —> (M, p;,p,) be a contra_(1,2)*_(g ,sg*) _open
function and  y (M, p;,p2;) —>(N , &, &) be a pre_(1,2)*_sg*_closed function, then y o
AHT,5)—(N, &, &) is contra_(1,2)*_(g ,sg*)_open function.
Proof:- Suppose S is (1,2)*_g_ open in H, since 1 is contra_ (1,2)* _(g , sg*)_open function.
Thus , 1 (S) is(1,2)*_sg*_closed in M Also , since y is pre (1,2)*_sg*_closed ,then y (4 (S)) is
(1,2)*_sg*_closed set in N. But, (A (S))=y o1 (S).Therefore , y o 1:(H,7;,T,) —>(N , &, &) is
contra_(1,2)*_(g ,sg*)_open.
Corollary(4,26): Let A:(H, 77,7, >—>(M, p;,p ) be a contra_(1,2)*_(g ,sg*) _open function
and y (M, p;,p;) —>(N ,&,¢&) be a pre_(1,2)* _sg*_closed function, then yo
A(HT, T3)— (N, &1, &2) is

0] Contra_(1,2)*_sg*_open function.

(i) Contra_(1,2)*_sg**_open .

Ya
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Proof
(i): Let Siis 73 ,_open in H ., by (2,7)step-ii- we get, 1 (S) is (1,2)*_g_open in H, since 1 is
contra_ (1,2)* (g, sg*)_open function. Thus , A (S) is(1,2)*_sg*_closed in M. Also , since y is
pre (1,2)*_sg*_closed ,then y (1 (S)) is (1,2)*_sg*_closed set in N. But, (A (S)=ycA
(S).Therefore , y o A:(H,77,7;) —>(N, &, &) is contra _(1,2)*_sg*_open function.
And in the same way ,part(ii)can be proved.
Remark(4,27):
MHAHRTL)—Mp,p) is (1,2)* open [ resp.(1,2)*_sg*_open ,(1,2)* g_open ]
function and y :(M,p;,p2—(N, &, &) is contra_(1,2)*_(sg* ,9) _open function, then y o
A:(HT, T —(N, &, &) is not necessarily contra_(1,2)*_(sg* ,g)_open function .
@ IfA:(H 7,7 —M,pq,p,) is (1,2)*_open [ (1,2)*_sg*_open , (1,2)*_g_ open , pre-
(1,2)*_sg*_open ]function and y :(M,p; ,p;) —> (N , &, &) is a contra_(1,2)*_(g ,
sg*) _open function , then yoA:(H,7;,7)—>(N , &, &) is not necessarily contra_(1,2)*_(g
,sg*)_open function .
To make (4,27) true we must add another condition as we will notice in (4,28):
Proposition (4,28): Let A :(H,7;,7,) —> (M, p;, p, ) be any functionand y : (M, p,, p,) —>(N
, €1, &) be contra_(1,2)*_(sg*, g)_open function, then yo A:(H, 77,7, —>(N,&;,&,)is
contra_(1,2)*_(sg*,g)_open . IfHis RM_ space and A is

0] (1,2)* _open nction. , (i) (1,2)* _sg*_open function.
Proof
(i): suppose S is (1,2)* _sg*_open in H .Since H is RM_ space , then by Sisa 7; ,_open inH.
Also since A is (1,2)*_open function. Thus, A (S) is p;,_open s in M, by Remark(2,7) step-ii-we
get, A (S) is (1,2)* _sg*_open in M. Also , since y is a contra_(1,2)*_(sg* ,g)_open , then y(4 (S))
is (1,2)* g_closed inN. But,y (A (S))=y o A (S). Therefore,y o A:(H,7;,7;,) —>(N , &, &,) is
contra(1,2)* _(sg*,g)_open function . And in the same way ,part(ii)can be proved.
In the same way we prove proposition (4,29):
Proposition(4,29): If A:(H,7; ,7,) —>(M,p;1,p2) is(1,2)*_g_ open function and y :(M,p4, p3)
—>(N ,&,,&,) is contra_(1,2)*_(sg*, g)_open function, then y o A:(H,7;, 55 —>(N,&;, &)is
contra_(1,2)*_(sg* ,9)_open if H is RM_ space and M is (1,2)*_T,_space .
Proposition (4,30): Let A :(H,7;,75) —> (M, py, p, ) be any function, y : (M, p;,p2:) —>(N
, &1, &) be contra_(1,2)*_(g ,sg*)_open function, and H is (1,2)*_Ti,_space , then yo
A:(H7:, ) —(N,&;, &)is contra_(1,2)*_(g ,sg*)_open . If H is RM_ space and A is

0] (1,2)*_open nction.

(i)  (1,2)*_sg*_open nction.

@ity (1,2)*_g_open nction.

(iv)  pre_(1,2)*_sg*_open function.
Proof:
(i) Let Sbea(1,2)*_g_open set inH .Since H is (1,2)*_Ty, _space, then Sisa J; ,_open inH.
Also since 4 is (1,2)*_open . Thus, A4 (S) is p1, open in M, by (2,7)step-ii-we get, A (S) is
(1,2)*_g_open in M Also, since y is contra_(1,2)*_(g ,sg*)_open , then y (1 (S)) is a (1,2)*_sg*_
closed in N. But, y(4 (S))=y o A(S).Therefore , y o 1:(H,7; , 7, —>(N, &;, &,) is contra(1,2)*_(g,
sg*)_open function .
The proof of part-ii- ,-iii- ,and-iv- are similar to part-i- .
Remark (4,31):




Gltlmsell ... I/ B dogsill 82 dloa — &y gomiiusall dealyll

@M A2 :H 77,55 —>M,p,py) is contra_(1,2)*_(sg* ,g) _open function and y
‘(M,p1,p2—(N, &,&) is (1,2)*_closed [(1,2)*_sg*_closed ,(1,2)* g_ closed and
pre_(1,2)*_sg*_closed] function ,then yoA:(HT;, ) —(N ,&,&) is not necessarily
contra_(1,2)*_(sg* ,g)_open function.

@@ 1 A (H7,5)—M, py,p,) is contra_(1,2)*_(g, sg*)_open function and y
‘(M,p1, p2—(N, &, &) is (1,2)*_closed [(1,2)*_sg*_closed , (1,2)*_g_ closed ] function and ,
then y o A:(H, 77,7, —(N, &1, &) is not necessarily contra_(1,2)*_(g, sg*)_open function .

The following Examples to show that :

Example(4,32):
(i) Let H=M=N={p, g, } and let 7;={H,0.{z}}, ,={H.¢.{w 7}}, p1={M.¢}, and  p, ={M,$
Ap}} &H={No{p}Ap, 71} $2={N.0.{g, }}, then 71 ,_open setsin (H,7;,7)={H, ¢.{r}{»
73} P12 —open setsin (M, py, p2)={M,¢,{p}}, p1._closed in M={M,d,{g ,7}}, & ,_open sets
in (N,§1.82) ={N.¢ {p}{» 7}{g 71} §12Closed set s in (N, &1, $)={N.¢.{z}.{4}.{4.7}}and
define 1 :(H, 7,,7,) —>M, p;,p,) by A (p)= » , 1 (g)=qg and A ()=p and define y
‘(M,p1, p2—(NELE)bY v (p)=p, v (9)=g and y (#)=7. It is observe that A s
contra_(1,2)*_(sg* ,g) _open function and y is(1,2)* closed [(1,2)*_sg*_closed , (1,2)* g_
closed, pre (1,2)*_sg*_closed] function, but ye°A:(H7;,%)—(N ,&,&) is not
contra_(1,2)*_(sg* ,g)_open function , since for(1,2)*_sg* _open set S={p}inH ,yoA1 (S)=
vedl({pH)=v A {p}H=v (»)=risnot (1,2)*_g_closed setsinN
(ifLet H=M=N={p.q.»}7:={H.0.{z}}, ={H.¢{x »1}} p1={M.0{q}} p.={M.0{p. 7}},
$1={N.¢.{q. 73} and &={N.0.{z}{». }}, then T3 ,_open set s in(H71,7;)={H.0{p}{»
7 }}p12 open set s in (M, py, py)=p1o_Closed in M={M,b,{p}{q 7}} & ._open set s in
(N, $1.8)={No{p}{», v} {g. v}} §12closed in (N.$1.85)={N.0.{x}{4}.{4, r}}.. Define 1
(Ht1,12) =M py,p2) by 2 ()= 7, 1 (@)= A(r)=p and y:(M.p1, p2)—>(N$1.82) by
v(p)=p, v(@)=g andy(r)=r.Clearly A is contra_(1,2)*_(g, sg*)_open function and y is
(1,2)*_closed [(1,2)*_sg*_closed , (1,2)*_g_ closed] function and , then sg*)_open . But y o
A:(HT;, 55)—(N, &, &) is not contra_(1,2)*_(g, sg*)_open, since for(1,2)*_g_open set S={p}
iNH ,yoA2(S)=y e A {pH=v A {p})=vy (=)=risnot (1,2)*_sg*_closed setsinN .
To make (4,31) true we must add another condition as we will notice in (4,33):
Proposition(4,33): Let A :(H, 77 ,7,) —>(M, p;, p,) is contra_(1,2)*_(sg*,g)_open function and
v:(M,p,, p,—>(N,&;, &,)be(1,2)*_closedand M is (1,2)*_T, s, Space, theny o
A(MTL, (N, &1, &) is

(i)contra_(1,2)*_sg***_open function .

(if)contra_(1,2)*_(sg™> ,g)_open function .
Proof:
(i)Suppose S'is (1,2)* _sg*_open inH . Thus, A (S) is (1,2)*_g_ closed in M, by hypotheses M is
(1,2)*_Tup _space, then 4 (S) is py,_closed in M. Also , since y is (1,2)*_closed , then y (4
(S)=yeAd (S) is a & closed in N . Therefore , yoAd:(H7;,7;) —>(N ,&,&) is
contra(1,2)* _sg***_open .And in the same way ,part(ii)can be proved.
In the same way ,we will prove (4,34) :
Corollary(4,34):

Y
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If AMH7,75) —(M,py,p,) IS contra_(1,2)*_(sg*,0) _open function  ,and
Y:(M,p;, p2)—(N, &, &) be any function and M is (1,2)*.T,, space ,then yo
A(HT, ) —(N, &, &) is contra_(1,2)*_sg**_open function if

() y is(1,2)*_sg*_closed function. ,

(i) y ispre_(1,2)*_sg*_closedfunction.

Corollary(4,35):

If 12 H7%,5%)»—Mp,p,) is contra_(1,2)*_(sg*,g) _open function, vy
(M1, p2)—>(N, &1, &) be (1,2)*_ g_ closed function and M is (1,2)*_T;,, space , then
Yo L:(H7,,7,)—>(N, &, &) is contra_(1,2)* (sg*,g)_open function.

Proof : Suppose S is (1,2)* _sg*_open inH . Thus, A1 (S)is (1,2)*_g_ closed in M, by hypotheses
M is (1,2)*_Tu2 _space, then A (S) is p; ,_closed in M. Also , since y is (1,2)*_ g _closed , then y
(A(S))=y oA (S) isag ,_closed in N [since all (1,2)*_closed is (1,2)*_ g _closed]set , so we get
Yy A (S)=yed (S)is (1,2)*_ g closed in N . Therefore , y o A:(H,7;,75) —>(N ,&;,&,) is
contra_(1,2)* (sg*,g)_open function.
Proposition(4,36):
If 2 :(H71,72)—(M, py,p,) is contra_(1,2)*_(g ,sg*)_open , y:(M,p1,p2)—>(N, 1, &3) is
(1,2)*_closedfunction and M is RM_space ,then y o A:(H,7; ,75,)—>(N, &, &)is

0] contra_(1,2)*_(g, sg*)_open function .

(i) contra_(1,2)*_sg**_open function.
Proof
(i):suppose S'is (1,2)* g_open inH . Thus, A (S)is (1,2)*_sg*_closed in M, by hypotheses M is

RM _space, then A (S) is p;,_ closed in M. Also , since y is (1,2)*_closed , then y (A (S))=y 4
(S) isa & ,_closed in N and by using Remark(2,6) step-i- we get y o 4 (S) is (1,2)* _sg*_closed
set in N. Therefore , yo l:(HT,,7;) —> (N, &, &) is contra(1,2)*_(g ,sg*)_open
function .
And in the same way ,part(ii)can be proved.
In the same way we prove (4,37) :
Corollary(4,37):
If 2 (H7”T) —M,py,p2) is  contra(1,2)* (g ,sg*)_open function, y
‘(M,p1,p2—>(N, &, &) is any function and M is RM_space, then yoA:(H,7;,7,)—>(N
, &1, &)is contra_(1,2)*_(g ,sg*)_open ify isa

i- (1,2)*_sg™*_closed function.

ii- (1,2)*_g_ closed function .
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Remark (4,38):
Here in the following diagram illustrates the relation between the contra (1,2)* sg* _open
functions types (without using condition), where the converse is not necessarily true.

Contra_ (1,2)*_open function

contra_(1,2)* sg*** open function — contra_(1,2)* sg* open Q\

contra_ (1, 2)*_sg** _open «——contra_ (1, 2)* (g ,sg*)_open
contra_ (1, 2)*_ (sg*,)_open function

Conclusion :

This work has led to find a new types of contra_(1,2)*_open functions in bitopological spaces , it
also compare and investigated the relationships between these types of functions , and also several
Definitions and results were presented to study the characteristics of those functions .
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