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Abstract

Csaszar introduced the concept of generalized topological space and a new open set in a
generalized topological space called ()-preopen in 2002 and 2005, respectively. Definitions of
()-preinterior and ()-preclosuer were given. Successively, several studies have appeared to give
many generalizations for an open set. The object of our paper is to give a new type of
generalization of an open set in a generalized topological space called (1)-semi-p-open set. We
present the definition of this set with its equivalent. We give definition of (1)-semi-p-interior and
(1))-semi-p-closure of a set and discuss their properties. Also the properties of (x)-preinterior and
()-preclosuer are discussed. In addition, we give a new type of continuous function in a
generalized topological space as (();, (1),)-semi-p-continuous function and (();, (n),)-semi-p-
irresolute function. The relationship between them is showed. We prove that every ()-open (()-
preopen) set is an (1)-semi-p-open set, but not conversely. Every ((0);, (1),)-semi-p-irresolute
function is an ((),, &), )-semi-p-continuous function, but not conversely. Also we show that the
union of any family of ()-semi-p-open sets is an (x)-semi-p-open set, but the intersection of two
(1)-semi-p-open sets need not to be an (1)-semi-p-open set.

Keywords: (1)-semi-p-open , (x)-semi-p-interior , (x)-semi-p-closure, ((),, (1),)-semi-p-irresolute
and ((),, (0),)-semi-p-continuous.

1.Introduction and Preliminaries
In this paper, we denote a topological space by (Z,X) and the closure (interior) of a subset H
of Z by cl(H)(int(H)), respectively.
1. The interior of H is the setint(H) = U{UW: W € Xand Wl € H }.
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2. The closure of H is the set cl(H) = N{F:Fe€ X' and H € F}[1], where X'
symbolizes the family of closed subsets of Z.

The term "preopen” was introduced for the first time in 1984 [2]. A subset A of a topological space
(Z,X) 1s called a preopen set if A < Int(clA). The complement of a preopen set is called a preclosed
set. The family of all preopen sets of Z is denoted by PO(Z). The family of all preclosed sets of
Z 1s denoted by PC(Z). In 2000, Navalagi used "preopen" term to define a "Semi-p-open set" [3].
A subset A of a topological space (Z,X) is said to be semi-p-open set if there exists a preopen set
UinZsuchthatU € A € pre-cl U. The family of all semi-p-open sets of Z is denoted by S-PO(Z).
The complement of a semi-p-open set is called semi-p-closed set. The family of all semi-p-closed
sets of Z is denoted by S-PC(Z). A function f: (Z4,X;) — (Z,,X,) is said to be a continuous function
if the inverse image of any open set in Z, is an open set in Z, [4]. Navalagi used the term "preopen”
to introduce new types of a continuous function "pre-irresolute function" and "pre-continuous
function". A function f:(Z;,X;) — (Z,,X,) is called pre-irresolute(pre-continuous) function if
the inverse image of any pre-open set in Z, 1s a pre-open set inZ; (the inverse image of any open
set in Z, 1s a pre-open set Z,). In [5], Al-Khazraji used the term of "Semi-p-open set" to define
new types of continuous functions "semi-p-irresolute” and "semi-p-continuous" function. A
function f: (Z,,X;) = (Z,,X,) is called a semi-p-irresolute (semi-p-continuous) function if the
inverse image of any semi-p-open set in Z, is a semi-p-open set in Z,(the inverse image of any
open set in Z, 1s a semi-p- open set in Z, ). Let Z be a nonempty set, a collection () of subsets of
Z 1s called a generalized topology (in brief, GT) on Z if @ belongs to () and the arbitrary unions
of elements of (1) 1s an element in (1), (Z, (1)) 1s called generalized topological space (in brief, GTS)
[6]. Every set in (1) is called (1)-open, while the complement of (1)-open is called ()-closed; the
family of all ()-closed sets is denoted by ()'. The union of all (x)-open set contained in a set H is
called the (0)- interior of H and is denoted by int o, (H), whereas the intersection of all (1)-closed
set containing H is called the (1)-closure of H and is denoted by cl o, (H)[7].

2. ()-Pre-Open Set

Definition 2.1 [8]

In a GTS (Z, ) by an ())-pre-open (in brief, () — p — o) set, we mean a subset H of Z with H €

intgyclyy H. An ()-pre-closed (in brief, @) — p — c) set is the complement of an (1)-pre-open set.

The collection of all @) — p — o (@) — p — ¢) subsets of Z will be denoted by ()-PO(Z) ( W)-PC(Z),

respectively).

Proposition 2.2
For a subset H ofa (Z, @) , we have Ug, int, cl) Hy € intgyclyy Uge, He
Proof:
Hy € Ugep He, for every a € A, so clyHy € cly Ugen Hy for every a € A, it follows that
intgclyHy € intycly Ugepr Hy Va € A.
Hence Uge,intg cly Hy € intgpcly Uges Hee
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Proposition 2.3
The union of any collection of @) — p — o setsis an () — p — o set.

Proof:
Let { Hy: @ € A} be a family of @) — p — o sets, so Hy € int, cl Hy, Va € A. Which
means Ug e, Hy € Ugeyinty clgy Hy o but Uge, intgy clgy Hy € intgyclyy Ugen Hy (by
Proposition 2.2), therefore, we obtain Uge, Hy € intg) clyy Uges Hy. hence Uge, Hy 1san () —
p—oset.

Corollary 2.4
The intersection of any collection of @) — p — ¢ sets is an (0) — p — c set.

Definition 2.5: [6]
Let (Z,®)) bea GTS, and H be a subset of Z

1. The union of all @) — p — o sets contained in H is called the (1)-preinterior of H and
denoted by pre-intg,H.

2. The intersection of all @) — p — ¢ sets containing H is called the ()-preclosuer of H and
denoted by pre-cl,H.

Theorem 2.6
Let Hr and G be subsets of (Z, @)). Then, the following properties are true:

1. Hr € pre-clyl.

2. pre-intyHb € H.

3. If b € T, then pre-int,)Fs € pre-int,)G.
4. If b €0 , then pre-clyHs € pre-clyT .

Proof:

1. From Definition of pre-clyH .

2. From Definition of pre-inty,H .

3. Let b € G, we have from 2, pre-int, )b € Hs, so pre — int,)Fb € G, but pre —
int(,)'G 1s the largest () — p — o set contained in G . So pre — int,yHs € pre — int,G.

4. Let b € G, we have from 1, & € pre-cl,yG, so Fs € pre-cl,yG , but pre-clyH is the
smallest () — p — c set containing Hs . So pre-clyHs € pre-clyG .

Proposition 2.7

Let (Z,®) be a GTS let § be a subset of Z. Then:

1. Hisan @ — p —c set, ifand only if H = pre-cl,H.
2. Hisan @) —p — oset, if and only if H = pre-int,H.
Proposition 2.8

Ugeapre —clgyHy € pre — clgy Ugen Hy

Proof:
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Hy € Ugen He. for every a € A, so pre-clyHy S pre-clyy Ugen He for every a € A, therefore,
Uaeapre —clyHy € pre — cly Ugen He
Remark 2.9
The reverse of Proposition 2.8 is not correct in general, as we show in the following example:
For example
Z=1{ab,c}, ® = {Z,9,{a,b}},and @)’ = {Z, @, {c}}, then:
®-PO(Z) ={Z,9,{a}, {b}, {a, b}, {a, c}, {b, c}}.
®-PC(Z)={D,Z {b,c},{a,c}, {c}, (b}, {a}}.

let b = {b}and G = {a}, so pre-cl,y Hy = {b} and pre-cl,, T = {a}, note that Fb U T=
{a, b}, and pre-cl,, ( b U ) = Z, while pre-cl,H> Upre-cl, G = {a, b}.

Hence, pre-cl,,( Fb U T) & pre-clyHs U pre-cl,T.
Proposition: 2.10

If H 1s any subset of a topological space (Z,X) , then:

1. [pre —int (H)]® = pre —cl (H).
2. pre —int(H®) = [pre —cl (H)]¢.

3. ()-Semi-P-Open Set
Definition 3.1
A subset Gofa GTS (Z, ) 1s said to be (1)-semi-p-open(in brief, (1) — sp — o) set if there exists
an () —p—osetHinZsuchthat H S G € pre-cl,H. Any subset of Z is called ()-semi-p-

closed(in brief, @) — sp — c) set if its complement is (x)-semi-p-open set .The collection of all
(1) — sp — o subsets of Z will be denoted by (1))-SPO(Z). The collection of all (@) — sp — ¢ subsets
of Z will be denoted by (1)-SPC(Z).

Theorem 3.2
Let (Z,) bea GTS and G S Z. Then Gis an @) — sp — oset & G € pre-clypre-int,)G .
Proof:

The "if" part
Assume that G is an (1) — sp — oset, then there exists a (@) — p — o subset H of Z such that H €
G € pre-clyH, it follows by Theorem 2.6 (4) that pre-intyH Spre-int,)G, but pre-inty H =
H, therefore H € pre-int,G. It follows by Theorem 2.6 (3) that pre-cl,H S pre-clypre-
int)G. Now, we get G Spre-clyH € pre-clpre-int,G. Thus G < pre-clypre-int,G.

The "only if" part
Assume that G S pre-clypre-int,G, we have to show that G is a () — sp — oset. Take pre-
int,,G=H,thenHisa(@ —p—osetand H S G € pre-cl,H. Hence G is an () — sp — oset.
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Corollary 3.3

Let (Z, @) bea GTS and F € Z. Then lj is @) — sp — cif and only if pre- int,(pre-cl,H) € H.
Proof:

The "if" part

Let F be an () — sp — c subset of Z, then pre-cly H = H (by Proposition 2.9(1)) which implies
pre-int(pre-clyH) € H, since pre-int,ylj € H (by Theorem 2.3(2).

The "only if" part

Assume that pre- intypre-clyH & H. We have to show I is an @) — sp — cset. Since pre-int,pre-
clyH € H, then H € [pre- int,(pre-clyy H)]%, so we obtain from Proposition 2.10 H® € pre-
clg(pre-clyH)  and H® € pre- cl,pre-int,,H®. Hence H® is an () — sp — o set by Theorem (2.2.2)
which means Hisan (@) — sp —c.

Proposition 3.4
The union of any collection of (@) — sp — o sets is an (1) — sp — o set.

Proof:

Let {G,, @ € A } be any family of (1) — sp — o sets. Then there exists an (x) — p — o set H, for
each G, ,a € Asuch that Hy € Gy € pre-clg Hy, 50 Ugepr Hy € UgeaGo € Ugeapre —
clyHy, but UgepHy 1s an @) —p — o set by Theorem 2.3, and Ugep pre —clgyHy € pre-
Clgy Ugen Hq by Proposition 2.8. Now we get Ugep Hy € Ugen Go € pre-clg Ugen He - Hence

Ugen Go 1s an (1) — sp — o set.

Corollary 3.5

The intersection of any collection of (1) — sp — ¢ sets is an () — sp — c set.
Proof:

Let { F: a € A} be any family of (@) — sp — c subsets of Z. we have to show that Nge, Fo 1S
an () —sp —c set, we know that Z — NgepFo = Ugea(Z — Fo) (De Morgan’s laws). But
Ugen(Z —Fy) 1san (@) —sp — c set, S0 Z — Ngep Fo 15 an @) — sp — o set. Hence Nge, Fy 1S an
W —sp—c.

Remark 3.6

The intersection of two (1) — sp — o sets need not to be an (1) — sp — o set, as we show in the
following example:

Example
LetZ ={a,b,c,d}, ® = {Z 0,{a},{d},{a,d}},
0-PO(Z) ={Z,0,{a},{d},{a,d},{a,b,d},{a,c,d}}, and
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WSPO(Z)=

{Z,0,{a},{d},{a, b}, {a,c},{a,d},{b,d},{c d},{a, b,c},{ab,d},{b,c,d} {a c,d}}. Let H =
{a,b,c} and T = {b,d},Hs and G are (1) — sp — o sets, but b N T = {b} which is not an (1) —
sp — o set because there is not (@) — p — o set V) , therefore V € {b} < pre- cl,V.

Remark 3.7

If b and G are two () — sp — ¢ sets, then Hy U G need not be(®) — sp — ¢ as we show in the
following example:

Example
From the example of Remark 3.7 Let v = {d} and & = {a, c}.
H> and G are () — sp — ¢ set, but h UG ={a, c,d} is not an (1) — sp — ¢ set because

Z-{a,c,d}={b} isnotan () —sp — o set.

The following diagram illustrates the relation among ()-open, ()-pre-open, and
()-semi-p-open set

O-OD-C2

Definition 3.8

1. Theunion of all @) — sp — o sets contained in Y is called the (x)-semi-p-interior of H,
denoted by s-p-int, (H).
2. The intersection of all @) — sp — ¢ sets containing H is called the (x)-semi-p-closure of H,
denoted by s-p-clg, (H).
Proposition 3.9
Let Hr and 'G be two subsets of (Z, @)). Then, the following properties are true:
1. hEs—p—clyH.
2. If b € T.thens—p—cluylb & s—p—clyT.
3. s—=p—duylb U s—p—cyT € s—p—cly (KLUT).
4. s—p—cyu(HNT) € s—p—cdyH N s—p-cdcyT.

Proof:
1. Itis clear from Definition 3.14(2).

2. Let b € G, from (1) wehave T € s—p—cly T, so b € s —p — cly T whichis
() — sp — ¢ set, but s — p — cl,H 1s the smallest @) — sp — ¢ set containing H, thus
s—p—cylb S s—p—clyT.
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3. Sincelb € b U Tand G € KU T, it follows from (1) that s —p — clyHb € 5 —
p—cly(fbU T)and s —p —cly T Es—p—cly (b U D), therefore s — p — cly s
Us—p—cyTEs—p—cly (L U T).

4. Since (N TG) € HJand (b N'G) € G, so semi-p-cly( b N 'T) € semi-cl,Hr and
s—p—duEHnNT)E s—p—clyb.thuss —p —cly(H N T)Es—p—cly N
s—p—cgygh.

Theorem 3.10
His —sp—c set<> H=5—p—clyH.
Proof: Is clear.

Corollary 3.11

s—p—clyZ = L

Theorem 3.12
Let H and G be two subsets of (Z, (0)). Then the following properties are true:
1. s—p—intylb € R
2. If v €70, thens —p —intylb €5 —p —int,) .
3. s—p—int,y,y (L NG) Es—p—inty b N s—p—int,, T
4. s—p—inty LU s—p—int,, &b €s—p—inty b U D).
Proof:

1. Clear.

2. Letlb € T, from (1) we have s —p —inty)lb € H, so s —p — inty b €'C where s —
p — intyH is @) — sp — o set, but s — p — int,)'G is the largest () — sp — o set contained in
T, hence s —p —inty L € s —p —inty T.

3. Since (b N'G) € Jand (b N T) €T,sos—p—intuy(L N T)Es—p—
intyHrand s —p —inty(FlbN T) € s—p —intyb.sos —p —inty, (b NT) S s —

p —intyb s —p — intyT.

4. Sincelb € KL UT and G € KLU G, thens —p — inty b € s —p —int, (b UT) and

s—p—inty'L € s—p—inty (LUT). Thus s—p—intxylb Us—p—int,, G ESs—p—

int,, (L U D).

Theorem 3.13

Hisan () —sp—o seteH =5 —p —intyH.
Proof: Is Clear.

Corollary 3.14

s—p—intyd = 0
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4. ()4, 0)5)-semi-p-continuous function

Definition 4.1:[8]
Let (Z,0),) and (Y, ®),) be two GTS's. A function f: Z — Y is said to be ((1)4, (1),)-continuous
function if the inverse image of any (x),-open subset of Y is an (x);-open set in Z.

Definition 4.2:[9]
A functionf: (Z,®),) - (Y, ®,) is called (&), ®),)-M- pre-open function if the direct image of
any (1), - pre-open set in Z 1s an (1),- pre-open set in Y.

Definition 4.3:

A function f:(Z, ;) - (Y,®,) is called ((®),, ®,)-M-semi-p-open ((();, ®),)-M-semi-p-
closed) function if the direct image of any (),-semi-p-open ((),-semi-p-closed) set in Zis an
(1),-semi-p-open ((1),-semi-p-closed ) setin Y.

Definition 4.4

A function f: (Z,0),) — (Y, ®),) is said to be (1), (0),)-semi-p-continuous function if the
inverse image of any (1),-open set in Y 1s an (1), -semi-p-open set in Z.

Theorem 4.5

A function f: (Z,®);) = (Y, ®),) is an (), (), )-semi-p-continuous function < the inverse
image of any (1),-closed set in Y 1s an (1), -semi-p-closed set in Z .

Proof:

The "if" part. Let F be any (),-closed set in Y, thus (Y- F) is an (1),-open setin Y, then f (Y —
F) is an (1);-semi-p-open set in Z ( since f is an (1), (1), )-semi-p-continuous function), but
f~1(Y—F) = Z—f71(F), then f~1(F) is an (1), -semi-p-closed set.

The "only if'"" part. Let H be any (),-open set in Y, thus (Y- H) is an (1),-closed set in Y,
then f~1(Y — H) is an (1), -semi-p-closed set in Z (by hypothesis) but f~1(Y — H) = Z — {1 (H),
then f~1(H) is an (1), -semi-p-open set in Z , therefore f is an ((),, (),)-semi-p-continuous
function.

Definition 4.6

A function f: (Z,),) — (Y, ®),) is said to be (), (0),)-semi-p-irresolute function if the inverse
image of any (1),-semi-p-open set in Y is an (1), -semi-p-open set in Z

Theorem 4.7

A function f: (Z,@);) = (Y, ®),) is an (), (), )-semi-p-irresolute function <>the inverse image
of each (1),-semi-p-closed set in Y is an (x);-semi-p-closed setin Z .
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Proof:

The "if'"" part. Let F be any (1),-semi-p-closed set in Y, thus (Y- F) is an (1),-semi-p-open set in
Y, then f~*(Y — F) is an (1);-semi-p-open set in Z (since f is an ((),, (),)-semi-p-irresolute
function) , but f~1(Y — F) = Z — f~1(F), therefore f ~*(F) is an (1), -semi-p-closed set.

The "only if" part. Let H be any (1),-semi-p-open set in Y, thus (Y- H) is an (1);-semi-p-closed
setin Y then f~*(Y — H) is an () -semi-p-closed set in Z (by hypothesis) , but f 1 (Y —H) = Z —
f~1(H), then f~*(H) is an (1), -semi-p-open set in Z, therefore fis an (), (), )-semi-p-irresolute
function.

Proposition 4.8
Every (), 0),)-semi-p-irresolute function is an (), (1), )-semi-p-continuous function.
Proof:

Let f be any (04, (),)-semi-p-irresolute function from (Z, (1),) into (Y, (1),) . Let H by any (0),-
open in Y, thus H is an (1),-semi-p- open set (Corollary 3.11), then f~*(H) is an (1), -semi-p-open
set in Z(since f is ((0),, ), )-semi-p-irresolute function), therefore f is an (();, (0),)-semi-p-
continuous function.

Remark 4.9

The reverse of Proposition 4.7 is not correct in general as we show in the following example:
Example

LetZ = {1,234}, W, = {Z,@,{1},{4},{1,4}}.

W, —PO(Z) ={Z,0,{1},{4},{1,4},{1,2,4},{1,3,4}}. and

®, — SPO(Z) = W, — PO(Z) U {{1,2},{1,3},{2,4},{3,4},{1,2,3},{1,24},{2,3,4}, }

Let Y=1{ab,cd}, @, ={0,{bd}},®, —PO(Y) ={0,{b,d},{b},{d}}.

@), — SPO(Y) = P(Y) (The power set of Y).

Define f: (Z,®W;) — (Y,®y) suchthat f(1) = f(2) = {d},f(3) = {b}

fis an ((0),, W,)-semi-p-continuous function. But not ((),, (®0),)-semi-p-irresolute function,
since {b} is an (1),-semi-p-open setin Y, but f~1({b}) = {3} is not an (x),-semi-p-open set in
Z.

Proposition 4.10
Every ((n);, 0, )-continuous function is an (), (1), )-semi-p-continuous function.
Proof:

Let f be any (), ®W,)- continuous function from (Z, 0),) into (Y, ®),) . Let H by any (1),-open
inY , it follows from Definition 4.1 that f~*(H) is an (1);- open set in Z, but every (1),- open set
is an () -semi-p —open. Therefore f isan ((x),, ®),)-semi-p-continuous function.
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Remark 4.11
The reverse of Remark 4.9 1s not correct in general as we show in the following example:

Example

Let Z={123}, @, ={0,{1},{2},{1,2}}, and W, — PO(Z) = {®,{1},{2}, {1,2}}.
@); — SPO(Z) = P(Z) (The power set of Z).

Let Y=1{ab,cd}, @, ={0,{bd}},®, —PO(Y) ={0,{b,d},{b},{d}}.

@), — SPO(Y) = P(Y) (The power set of Y).

Define f: (Z,®W1) — (Y,®@,) such that f(1) = f(2) ={a},f(3) = {b},

fisan (), (1),)-semi-p-continuous function, but it is not an (), (1), )-continuous function, since
{b,d} is an (x),-open set in Y, but f~1({b, d}) = {3} is not an (x);-open set in Z .

Proposition 4.12

The composition of (1), (), )-semi-p-irresolute function and ((),, (1) 3 )-semi-p-irresolute function
is an ((®);, ()3 )-semi-p- irresolute function.

Proof

Letf: (Z, ®W;) - (Y,0,) be (04, ®),)-semi-p-irresolute function and g : (Y,®, ) = (W, ;)
be ((0),, (0)3)-semi-p-irresolute functions, we have to show thatgo f: (Z,();) — (W, (®)3)isan
(®,, (0)3)-semi-p-irresolute function. Let H be any (1);-semi-p-open set in W, then (g o f)"1(H) =
ftog™(H) = f"*(g *(H)), but g7*(H) is an (1),-semi-p-open set in Y ( since g is an
(W, @3)-semi-p-irresolute function ), and f~*(g~*(H)) is an (1), -semi-p-open set in Z ( since fis
an ((),, 0),)-semi-p-irresolute functions ) , therefore geof is an ((),, ()3)-semi-p-irresolute
functions .

Remark 4.13

The composition of (();, (x),)-semi-p-continuous function and ((),, (x)3)-semi-p-continuous
function need not to be (), (0)3)-semi-p-continuous function as we show in the following
example:
Example
LetZ = {1,2,3}, W, = {Z,9,{1,2}},

Y ={ab,c}, W, = {Y,0,{ab}},
W= {13.13 k}a (1)3 = {W' @’ {l’ k}]a

@-PO(Z)={Z, @, {1}, {2}, {1,2},{1,3},{2,3}} = 0),-SPO(Z)

W,-PO(Y)= {Y, 0, {a}, {b}, {a,b}, {a,c}, {b,c}} = @W,-SPO(Y), and
®3-PO(W)={W, @, {i}, {k}, {i,j}, (i, k}, {j, K} } = 0)3-SPO(W)

Define f: (Z,®;) - (Y,®;) by f(1) ={(3) = {b}, f(2) = {c}.
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And g:(Y,®;) = (W, ®3) by g(a) = g(c) = {j}, g(b) = {k}.
Then g o f: (Z,®,) — (W, @)s) is defined by:

gof(1) = g(f(1)) = g(b) = {k},

gof(2) = g(f(2)) = g(c) = {i},

gof(3) = g(f(3)) = g(b) = {k},

fisan ((n),, ®,)-semi-p-continuous function and g is an ((x),, (1)5)-semi-p-continuous function.
But g o fis not an ((),, (1)5)-semi-p-continuous function, since {i, k} is an (1);-semi-p-open set in
W, but 7 ({i,k} ) = {3} is not (1), -semi-p-open set in Z.

Proposition 4.14

The composition of an ((),, (1), )-semi-p-continuous function and ((),, (&0)3)- continuous
function is an (();, (0)3)-semi-p-continuous function.

Proof:

Letf: (Z,®W;) - (Y,®,) be any (), ®),)-semi-p-continuous function and g: (Y,®, ) —
(W,(®3) be any ((),, 3)- continuous function. We have to show that gof: (Z,0),) —
(W, (®3) is an (1), (1)5)-semi-p- continuous function. Let H be any (1)5- open set in W. Then,
g 1(H) is an (1),-open set in Y (since g is an ((),, (1)3)-continuous function), so f~1(g~1(H) is an
(1),-semi-p-open set in Z ( since fis an ((),, (),)-semi-continuous function ), but (g f)"1(H) =
f~1og™1(H) = f (g (H). Hence ge fisan ((),, (0)3)-semi-p-continuous function.
Theorem 4.15

Letf: (Z,®;) — (Y, 1),) be an onto function, then f is an ((),, (1), )-M-semi-p-open function
if and only if it is an (1), ®), )-M-semi-p-closed function.

Proof:

The "if"" part. Let F be any (1);-semi-p-closed set, so (Z — F) 1s an (x);-semi-p-open set, then
f(Z—F) is an (1),-semi-p-open set ( since f is an ((1),, 1),)-M-semi-p-open function), but
f(Z—F) =Y — f(F), therefore f(F) is an (1),-semi-p-closed. Hence f an (), (®),)-M-semi-
p-closed function.

The "only if"" part. Let H be any (1), -semi-p-open set , so (Z — H) 1s an (1),-semi-p-closed set,
then f(Z — H) is an (1),-semi-p-closed set ( since f is an ()4, (0),)-M-semi-p-closed function),
but f(Z — H) = Y — f(H), therefore f (H) is an (1),-semi-p-open. Hence f an (1), ®),)-M-semi-
p-closed function.

Theorem 4.16

Letf: (Z,®W;) — (Y,),) be a bijective function, then f is an (), (1),)-M-semi-p-open
function, < f ~': (Y,®,) - (Z ®,) isan (@), (0),)-semi-p-irresolute function.

Proof

The "if" part. Suppose that f is an (), (1),)-M-semi-p-open function, to show that f~1is an
(@4, 0),)-semi-p-irresolute function. Let H be any (1),-semi-p-open set in Z, then (f "1)71(H) =
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f(H) is an (1),-semi-p-open set in Y (since fis an (), (1), )-M-semi-p-open function), so f ~is an
(W, ®),)-semi-p- irresolute function.

The "only if" part. Suppose that f 1 is an ((x);, (1), )-semi-p-irresolute function, to show that f
is an (W, ®,)-M-semi-p-open function. Let H be any ();-semi-p-open set in Z, then
(f™)7*(H) = f(H) is an (1),-semi-p-open set in Y(since f ~tis an (), (), )-semi-p-irresolute
function), so fis an ((&),, (1),)-M-semi-p-open function.

Definition 4.17

A bijection function f : (Z,0),) = (Y, ®),) is called ((1), (@1),)-semi-p-homeomorphism function
if fis both ((),, (@0),)-semi-p-irresolute function and ((),, &), )-M-semi-p-open function.
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