
Tikrit Journal o! Pure Science l9 (l) 2011

On Composition of Some New Kinds of Homeomorphisms in Intiuitionstic
Topological Space

Suham M. Ali
Deparmenl of Mdthemalics College of Senesce , Kirkuk Uniwrsity , Kitkuk , Iraq

( Received: 28 I ll l2Ol2 ---- Accepted: 4 / 4 / 2013 )

Abstract
In this paper we define the new kinds of homeomorphisms in intiuirionstic topological space say (almost
homeomorphism , almost k- homeomorphism, almost S-k- homeomorphism, almost S*-k- homeomorphism,
almost contra homeomorphism , almost contra k- homeomorphism , almost contra S-k- homeomorphism ,
almost contra S*-k- homeomorphism, regular- closed homeomorphism, completely homeomorphism, perfectly
homeomorphism and slightly homeomorphism) where k= {semi, a, pre, p}, and we study the composition of
this homeomorphisms with (homeomorphism, k- homeomorphism, S-k- homeomorphism S+-K-
homeomorphism, contra homeomorphism ,contra k- homeomorphism, contra S-k- homeomorphism, contra S+-
k- homeomorphism) in intiuitionstic topological space.
Introduction
The notion of contra continuous was introduced by and homeomorphism) , (homeomorphism and S*-k-
(Dontchev, 1996) in [3], and the notion ofalmost contra homeomorphism), (almost homeomorphism and
continuous was introduced by (Joseph,J.E. and Kwack regular- closed homeomorphism) , (almost
,1980) in [7] ,these notions are generalized to homeomorphism and completely homeomorphism),
Intiuitionstic Topological spaces by (AlLM.Ja-sem and (completely homeomorphism and regular-closid
Yunis J.Yaseen 2009) in [1] . The definition of regular- homeomorphism), (slightly homeomorphism and
closed continuous , completelv 

"ontilf.gT 
., dirllLt perfectly homeomorphism). where k= {semi, c, pre,

continuous and perlectiy continuous functions in general ;i ----'
topology was introduced by (Al-hawez .Z .T.2OO8! in I' .. . .

[2l. ttiiticman. A. and salleh. z. 2006) in l8l and i'::tl'"'11i1t-
(Dontchev,J.and Noiri,r lee8) in t4l .-;;*;i;;il; Lt:I lt-11ll*nootv 

set' an intuitionistic set A (ls' for

to intuitionistic topologicar space by (aii;i. ]as#H :no1],i'"--:!j."o 
n*ing the form A= (x'A"A'7) where

Yunis J.Yaseen 2009) in I I ] . A t and A, are disjoint subset of X' the set Ar is called a

, . member ofA. while A2 is called non- member ofA U .Also tne nolons ol lnUutUonslc nomeomolDhrSm
(rnriuitionstic k- homeomorphism , il;i;iii#;'6-k: An inruitionistic topolo.fl (ll for slo:t) T a non-emptv

homeomorphism and Intiuitionstic S* -k- set x, is a. fam ily T of Is in x containing 0, X and closed

homeomorphism) functions was introir""a uy tuanna under arbitrary unions and finitely intersections ln this

H.Alwan and yunis J. yaseen 2007) in I5l and rhe case the pair (X,T) is called intuitionistic topological

notions of Intiuitionstic contra homeomomhism space (lrs. for shon), any Is in T is known as an

(lntiuitionstic contra k- homeomorphism, tntiuitionsiic intuitionistic open set (los, for short) in x ,and the

contra s-k- homeomorphism ad lntiuiiionstlc cont"a complement of los is intuitionistic closed set (lcs, for

S*-k- homeomorphismi functions was introduced by *"tt) qL' . .
(Yunns J. Yaseen , Suham M. Ali and Amall A.F 201i) The. 

. 
definition of intuitionistic . semi open set,

in [9] .ln this paper, wc define the regular- closed open intuitionistic o open set' intuitionistic pre open set and

co-pletely open, slightly open , perfectly open, almosr intuitionistic,regular open set (los,lsos, Ioos, lPos,l
open, almosik-open, almost contra open'and almost pos: and IRos for shon) also the definition of
contra k-open functions in intuitioniitic topological intuitionistic semi closed set, intuitionistic o closed set ,

space. And we define the regular -cllsed inluitionistic pre closed set, intuitionistic p closed set

homeomorphism, completely h#eomorphism, and intuitionistic regular closed set (lCS, lscs, lacs,
slightly homeomorphism, perfectly homeomorphism . IPCS, t pCS ana InCS for short) are in [5] .

almost homeomorphism, almost k- homeomorphism, Every IROSoRCS) is IOS(ICS) and every IOS([CS) is
almost conta homeomorphism 

"rd "l-:::.::1r:-.f- rsos, laos, rpos and rpos (tscs, Iocs, rpcS and r

l"ffiHru'* ii#.llt',,';," J:':lHl':.;: [ii'r*'i"i'r'r
composition of homeomorphisms in tntiuitionstic Le(x,T) , (Y,Y) and (2,6) ue ITS'S and let f : X J Y
Topological spaces ; say the composition of (contra and g :Y - Z then
homeomorphism and contra homeomorphism), gof :X - Z is defined by gof (x)=g((A)) ,where A is
(contra homeomorphism and homeomorphism, (S-k- IS in X and (gof)'r (B):fr(g-t(B)) where B is IS in X
homeomorphism and S*-k- homeomorphism) , .[6]
(contra S-k-homeomorphism and contra S*- k- Definition 2.1
homeomorphism) ,(s'k-homeomorphism and contra 

I r I Let (x,T) and (y,o) be two rrS,s and ret f: X --.r y
S*-k-homeomorphism), (contra S-k-homeomorphism il." frn"ri* -a let k {semi. a. per. p } . then fisand Sr-k-homeomorphism). (S-k-homeomorphism ."[i.i",- -
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l. An intuitionistic continuous (l cont. , for short)
funclion ifthe inverse image of each IOS in Y is IOS
inX.
2. An intuitionistic k-continuous (l k-cont. ,for
short) function if the inverse image of each IOS in Y
is IKOS in X .

3. An intuitionistic contra continuous (I contra cont.,
for short) function ifthe inverse image ofeach IOS in
YislCSinX.
4. An intuitionistic contra k-continuous (l contra k-
cont.,for short) function ifthe inverse image ofeach
IOS in Y is IKCS in X .

5. An intuitionistic almast continuous ([ almost cont.
,for short) function ifthe inverse image ofeach IROS
inYisIOSinX.
6. An intuitionistic almast k-continuous (I almost K-
cont. ,for short) function ifthe inverse image ofeach
IROS in Y is IKOS in X .

7. An intuitionistic almast contra continuous (l
almost contra cont., for short) function if the inverse
image of each IROS in Y is ICS in X .

E. An intuitionistic almast contra k-continuous (I
almost contra K- cont. ,for short) function if the
inverse image ofeach IROS in Y is IKCS in X .

9. An intuitionistic regular -closed continuous (I
regular- closed cont., for short) function ifthe inverse
image of each IOS in Y is IRCS in X .

10. An intuitionistic completely continuous (I
completely cont., for short) function if the invene
image of each IOS in Y is IROS in X .

I L Anintuitionistic slightly continuous (I slightly
cont., for short) function ifthe inverse image ofeach
I clopen set (lOS and ICS) in Y is ICS in X .

12. Anintuitionistic perfectly continuous (I perfectly
cont., for short) function ifthe inverse image ofeach
IOS in Y is I clopen set (lOS and ICS) in X .

Definition 2.2

Let (X,T) and (Y,O) be two ITS'S and let f: X -+ Y be
a function and letk: {semi, a, per, p , then fis
said to be:
l. An intuitionistic open (l open, for short) function
if the image of each IOS in X is IOS in Y.
2. An intuitionistic k- open (l k-open , for short)
function if the image of each IOS in X is IKOS in

3. An intuitionistic cont a open (l conta open , for
short) function if the image of eaah IOS in X is ICS
in Y.
4. An intuitionistic contra K-open (l contra k-open,
for short) function if the image of each IOS in X is
IKCS in Y.
5. an intuitionistic closed (I contra closed , for
short) function if the image ofeach ICS in X is ICS
in Y.
6. An intuitionistic k-closed (I contra k-closed , for
short) function ifthe image ofeach ICS in X is IKCS
in Y.
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7. an intuitionistic contra closed (I contra closed ,
for short) function if the image ofeach ICS in X is
IOS in Y.
8. An intuitionistic contra k-closed (I contra k-closed
, for short) function ifthe image ofeach ICS in X is
IKOS in Y.
De{inition 2.3

Let (X,T) and (Y,O) be two ITS's and let f:X -+ Y be
a bijectiv€ function and let k = {semi, q , per, F} ,
then fis said to be;
l. An intuitionistic homeomorphism (I hom. , for
short) function if f is I continuous and I open
function.
2. An intuirionistic k- homeomorphism (l k- hom. ,
for short) function if f is I k- continuous and I k-
open function .

3. An intuitionistic strong k-homeomorphism (I S-k-
hom., for short) firnction if f is I k-continuous and I
open function .

4. An intuitionistic S*- k-homeomorphism (I S*-k-
hom. , for short) function if f is I continuous and I
k-open function .

Definition 2.4

Let (X,T) and (Y,O) be two ITS'S and let f:X --+ Y be
a bijctive function and let k = {semi, a , per, p} ,
then fis said to be:
l. An intuitionistic contra homeomorphism (I contra
hom., for short) function if f is I contra continuous
and I conta open function .

2. An intuitionistic contra k- homeomorphism (I
contra k- hom., for short) function if f is I contra k-
continuous and I contra k- open function .

3. An intuitionistic confa strong k-homeomorphism
(l contra S-k-hom., for short) function if f is I contra
k-continuous and I contra open function .

4. An intuitionistic contra S+- k-homeomorphism (I
contra S*-k-hom., for short) function if f is I contra
continuous and I contra k-open function .

Remark 2.5
since every IROS is IOS , every IOS is IKOS where
k={semi ,o, pre, p)and every clopen is closed and
op€n set ; then :

l.Every I cont. function is I almost cont. function .

2.Every I k-cont. function is I almost k- cont. function

3.Every I contE cont. function is I almost contra cont.
function .

4. Every [ contra k-cont. function is I almost conha k-
cont, function .

5.Every I regular-closed cont. function is I contra
cont. function .

6.Every I regular- closed cont. function is I contra K-
cont. function .

7.Every I contra cont. function is I almost contra cont.
function .

8. Every I contra cont. function is I almost conEa
cont. function .

9. Every I contra cont. function is I almost contra
cont, function
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10. Every I contra cont. function is I slightly cont.
function .

I l. Every I perfectly cont. function is I contra cont.
function .

12. Every I perfectly cont. function is I almost contra
cont. function .

The composition of some new kinds of
homeomorphisrns
Before we study the composition of some kinds of
homeomorphisms, we define some new kinds of
homeomorphisms :

Defitrition 3.1

lrt (X,T) and (Y,tI) be two ITS'S and et f:X -+ Y be a

function and let k = {semi, c, per , 0) , then f is said
to be:
1. An intuitionistic almost open (I almost open, for
short) function ifthe image of each IROS in X is IOS
in Y.
2. An intuilionistic almost k- open (l almost k-open,
for short) function ifthe image ofeach IROS in x is
IKOS in Y.
3. An intuitionistic almost contra open (l almost
contra open , for short) function if thc image of
each IROS in X is ICS in Y.
4. An intuitionistic almost contra k-open(I almost
confa K- open, for short) function ifthe image of
each IROS in X is IKCS in Y.
5. An intuitionistic regular-closed open (l regular
closed open., for shon) funclion ifthe image ofeach
IOS in X is IRCS in Y.
6. An intuitionistic completely open (l completely
open., for short) function ifthe image of each IOS in
X is IROS in Y.
7. An intuitionistic slightly open (l slightly open., for
short) function if the image ofeach I clopen set (IOS
and ICS) in X is ICS in Y.
8. An intuitionistic perfectly open(l p€rfectly open.,
for short)function ifthe inverse image ofeach IOS in
X is I clopen set (IOS and ICS) in Y.
9. an intuitionistic almost closed(I almost contra
closed , for short) fi,mction if the image of each
IRCS in X is ICS in Y.
l0.An intuitionistic almost K-clos€d (l contra k-
closed.,for short) function ifthe image ofeach IRCS
in X is IKCS in Y.
ll.An intuitionistic almost contra closed(I almost
contra closed , for short) function if the image of
each IRCS in X is IOS in Y.
12. An intuitionistic almost contra K-closed (l contra
k-closed.,for short) function if the image of each
IRCS in X is IKOS in Y.
13. An intuitionistic completely closed (l completely
closed, for short) function ifthe image ofeach ICS in
X is IRCS in Y.
14. An intuitionislic slightly closed (l slightly closed,
for short) function if the image of each I clopen set
(IOS and ICS) in X is IOS in Y.
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l5.An intuitionistic perfectly closed (l pefectly
open., for short) function ifthe inverse image of each
ICS in X is t clopen set (lOS and ICS) in Y.
R€mark 3.2
Iffis bijective function then : the concept ofI almost
open (resp. almost k- open, almost contra open,
almost contra K-open ,slightly open ,completely open
and
perfectly open )function and the concept of I almost
closed ( resp. almost k- closed , almost contra closed,
almost contra k- closed, slightly closed, completely
closed and perfectly closed )function is equivalent.
Defitrition 3.3

L€t (X,T) and (Y,O) be two ITS'S and let f:X -+ Y be

a bijective function then f is said to be:
l. An intuitionistic almost homeomorphism (I
almost hom. , for short) function if f is I almost
continuous and I almost open function .

2. An intuitionistic almost k- homeomorphism (I
almost k- hom. , for short) function if f is I almost
k- continuous and I almost k- open function .

3. An intuitionistic almost strong k-homeomorphism
(I almost S-k-hom. , for short) function if f is I
almost k-continuous and I almost open function .

4. An intuitionistic almost S*- k-homeomorphism (l
almost S*-k-hom. , for short) function if f is I
almost continuous and I almost k-open function .

5. An intuitionistic almost contra homeomorphism (l
almost contra hom. , for short) function if f is I
almost contra continuous and I almost conta open
function .

6. An intuitionistic almost contra k- homeomorphism (I
almost conlra k- hom. , for shon) function if f is I
almost contra k- continuous and I almost contra k- open
function .

7- An intuitionistic almost contra strong k-
homeomorphism ([ almost contra S-k-hom. , for shon)
function if f is I almost contra k-continuous and I
almost contra open function .

E. An intuitionistic almost contra S*- k-
homeomorphism (I almost contra S*-k-hom. , for
short) function if f is I almost contra continuous and
I almost contra k-open function .

9. An intuitionistic regular -closed homeomorphism
(l regular closed hom. , for shon) function if f is I
regular closed continuous and I regular closed open
function.
l0.An intuitionistic completely homeomorphism (l
completely hom. , for short) function if f is I
completely continuous and I completely open function.
ll.Ar intuitionistic slightly homeomorphism 0
slightly hom. , for short) function if f is I slightly
continuous and I slightly open function
l2.An intuitionistic perfectly homeomorphism (I
perfectly hom. , for short) function if f is I perfectly
continuous and I perfectly open function .

Proposition 3,4
l. Every I open function is I almost open function.
2. Every I k- open function is I almost k- open
function.
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3. Every I contra open function is I almost conha
open function.
4. Every I contra k- open function is I almost contra
k- open function.
5. Every I regular- closed open function is I contra
open function.
6. Every I regular- closed open function is I contra K-
op€n function.
7. Every I contra open function is I slightly open
function.
8. Every I perfectly open function is I contra open
function.
9. Every I perfectly open function is I almost conba
open function.
Proof
tet f :X - Y is I open function and let A is I ROS in
X then A is IOS in x then (A) is IOS in Y [since f is
I open function ] then fis I almost open function.
l. l,et f:X - Y is I k-open function and let A is I
ROS in X then A is IOS in X then {A) is I kOS in Y
[since fis I k-open function ] then f is I almost k-open
function ,

2, l-et f :x+ Y is I contra open function and let A
is I ROS in X then A is IOS in X then (A) is ICS in
Y[since f is I contn open function] tien f is I almost
conta open function ,

3. Let f:X ---+ Y is I contra k-open function and let
A is I ROS in X then A is IOS in X then (A) is IKCS
in Y [since f is I contra k-open function ] then f is I
almost contra k- open function .

4. l€t f:X - Y is I regular- closed open function
and let A is IOS in X then flA) is IRCS in Y [since f
is I regular closed open function l,but IRCS is ICS,
then (A) is ICS in Y. f is I contra open function .

5. Let f:X-Y is I regular- closed open function and
let A is IOS then (A) is IRCS in Y [since f is I open

tunction I but IRCS is ICS and ICS is IKCS then (A)
is IKCS in Y then f is I almost contra k- open
function.
6. l*tf:X- Y is I contra open function and letA
is clopen set in X then A is IOS in X then (A) is tCS

in Y[since f is I contra open function ] then f is I
slightly open function .

7. Letf :x- Y is I p€rfectly open function and let
A is IOS in X then (A) isclop€n set inY[sincefisl
perfectly open function I but clopen is ICS then f is t
contra open function .

8. By 8 and 3 in this proposition .

Remsrk 3.5
By (Remark 2.5) and ( proposition 3.4 ) we get
l. Every I homeomorphism [resp. I k- hom., I
contra hom. and I conra k- hom.l function is I almost
homeomorphism[ resp. I almost k-hom. ,l almost
contra hom. and I almost contra k- hom.l function.
2. Every I regular-closed hom. function is I contra
hom. function.
3. Every I regular-closed hom. function is I contra k-
hom. function.
4. Every I contra hom. function is I slightly hom.
function.

ISSN: 1813 - 1662

5. Every I perfectly hom. function is I contra hom.
Function.
6. Every I perfectly hom. function is I almost confta
hom. function.
Next , results of composition of some kinds of
homeomorphism fu nctions :

Proposition 3.6

Let (X,T) , (Y,9 and (Z,O) are ITS's and let f :

X-Y and g :Y + Z two functions then :

l. If f and g are I hom. functions then gof is I
hom. function .

2. If f and g are I contra hom. functions then gofis
I hom. function .

3. If f is I contra hom. function and g is I hom.
function then gof is I contra hom. function .

4. If f is I hom. function and g is I contra hom.
function then gofis I contra hom. function .

Proof
l. Let A is IOS in X then f(A) is IOS in Y (since fis
I open tunction) then g((A)) is IOS in Z (since g is I
open funclion) then gof is I open function .Now let
B is IoS in Z then g'181 is IOs in Y(since g is I cont.
tunction) then f'(g'r(B) is IoS in X (since f is I
cont.s function) then gof is I cont. function. Hence
gof is I hom. function.
2. Let A is IOS in X then f (A) is ICS in Y (since fis I
contra open function) then g(f(A)) is IOS in Z (since g is
I contra open function) then gof is I open function .

Now let B is los in Z then g-'(8) is ICS in Y(since g is I
contra cont. function) then ft(gr(B) is IoS in x (since f
is I conra cont. function) then gof is I cont. function.
Henae gofis I hom. function ,

3. Let A is tOS in x then f(A) is ICS in Y (since fis
I contra open tunction) then g((A)) is ICS in Z (since
g is I open function) then gof is I contra open

tunction . Now let B is IOS in Z then g'(B) is IOS
in Y (since g is I cont. function ) then fl(g'r(B)) is

ICS in X (since fis I contra cont. function) then gof
is I contra cont. function. Hence gof is I contra hom.
function.
4. Let A is tOS in x then f (A) is IOS in Y (since f is t
open function) then g(f(A)) is tCS in Z (since g is I
contm function) then gof is I aontra open function .

Now let B is IOS in Z then g-r(B) is ICS in Y (since g
is I contra cont. tunction ) then ft(g-r(B) is ICS in X
(since f is I cont. function) then gof is I contra cont.
function . Hence gofis I contrd hom. function .

Proposition 3.7

let (X,T) , (Y,Y) and (Z,O) arc ITS's and let f :

x-Y and g :Y ---+ Z two functions then :

l. If f is I S-K- hom. function and g is I S*-K-hom.
function then gofis I k-hom. Function .

2. Iff is I contra S-K- hom. function and g is I contra
S*-K-hom. function then gof is I k-hom. Function .

3. If f is I conha S-K- hom. function and g is I S+-
K-hom. firnction then gofis I contra k-hom. function.
4. If f is I S-K- hom. function and g is I contra S*-
K-hom. function then gofis I contra k-hom. function.
5. lf f is I hom. function and g is I S+-K-hom.
function then gof is I S*-k-hom. Function.
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6. If f is I S-K- hom. function and g is I hom.
function then gofis I S- k-hom. Function .

Proof
Let A is IOS in X then f(A) is IOS in Y (since f is I
open function) then g(flA)) is IKOSinZ (since gis
I k-open function) hence gof is I k- open function .

Now let B is IOS in z then gr(B) is IOS in Y(since g
is Icont. funcrion) then fr(gr(B)) is IKos in x
(since f is I k-cont. function) hence gof is I k- cont.
function . Then gofis I k- hom. Function .

l. Let A is IOS in X then (A) is ICS in Y [since f is
I confta open functionl then g(f(A)) is I KOS in Z
[since g is I confa k-open funaion] hence gof is
I k- open function. Now let B is IOS in Z then g-t(B)
is ICS in Y [since g is I contra cont. function] then f
'19''6; is I Kos in x [since f is I contra k-conr.
functionl hence gofis I k-cont. function. Then gofis I
k- hom. function.
2. Let A is IOS in X then (A) is ICS in Y (since f is
I conha open function) then g((A)) is I KCS in Z
(since g is I k-open function then it is I k-closed
function) hence gof is I contra k- open function.
Now let B is tOS in Z then g'r(B) is IOS in Y (since g
is I cont. function) then fr(g'r(B)) is I KCS in X
(since f is I contra k-cont. funaion) hence gof is I
contra k-cont. function. Then gof is I contra k- hom.
function.
3. Let A is IOS in X then (A) is IOS in Y (since f is
I open tunction) then g((A)) is IKCS in Z (since G is
I contra k-open function) hence gof is I contra k-
open function . Now let B is IOS in Z then g-r(B) is
ICS in Y[since g is I contra cont. function] then lr(g'
'6;; is IXCS in X (since f is I k-cont. function)
hence gof is I contra k-cont. function .Then gof is I
contra k- hom. Function .

4. Let A is IOS in X then (A) is IOS in Y (since f is
I open function) then g((A)) is IKOS in Z (since g
is I k-open function) hence gof is I k- open function
. Now let B is IOS in Z then g''(B) is IOS in Y (since
g is I cont. function) then lr(g'(B) is IOS in X
(since f is I cont. function) hence gof is I cont.
function Then gofis I S*-k- hom. Function .

5. l,et A is IOS in X then (A) is IOS in Y (since f is
I open function) then g((A)) is IOS in Z [since g is
I open functionl.hence gof is I open function . Now
ler B is IOS in Z then g'r(B) is IOS in Y (since g is I

cont. tunction) then fr(gr(B)) is IKOS in X (since f
is I k-cont. function) hence gof is I k- cont. function .

Then gofis I S-k- hom. Function .

Proposition 3.8

let (X,T) , (Y,Y) and (2,6) are ITS's and let f :

X'+Y and g tY + Z two functions then:
l. Iffand g are I contra hom. functions then gofis
I almost hom. function .

2. Iffand g are I hom. functions then gofis I almost
hom. function .

3. If f is I contra hom. function and g is I hom.
function then gofis I almost contra hom. function.
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4. If f is I hom. function and g is I contra hom.
function then gofis I almost contra hom. function
5. Iffis I S-K- hom. function and g is I S*-K-hom.
function then gofis I almost k-hom. function.
6. If fis I confa S-K- hom. function and g is I contra
S*-K-hom. function then gof is I almost k-hom.
function .

7. Iffis I contra S-K- hom. function and g is I S*-K-
hom.function then gof is I almost contm k-hom.
function.
8. Iffis I S-K- hom. function and g is I contra S*-K-
hom. function then gof is I almost contra k-hom.
function.
Proof
by ( proposition 3.6 and proposition 3.7 ) and (
Remark 3.5 ) we can prove this proposition.
Propositiotr 3. 9

let (X,T) , (Y,Y) and (Z,O\ arc ITS'S and let f :

X*Y and g ;Y - Z two functions th€n :

l. lf f is I almost hom. function and g is I regular-
closed hom. function then gof is I almost contra hom.
function .

2. tf f is I regular -closed hom. function and g is I
almost hom. function then gof is I almost contra hom.
function.
3. f is I completely hom. function and g is I regular
closed hom. function then gof is I regular- closed
hom. function .

4. f is I regular- closed hom, function and g is I
completely hom. function then gof is I regular- closed
hom. function .

5. f is I almost hom. function and g is I completely
hom. function then gof is I almost hom. function .

6. f is I completely hom. function and g is I almost
hom. function then gof is I hom. function .

Proof
l. Let A is IROS in X then f (A) is IOS in Y (since f
is I almost open tunction) then g((A)) is IRCS in Z
(since g is I regular-closed open function) then
g((A)) is ICS in Z(since every IRCS is ICS) then gof
is I almost contra open function . Now let B is IOS in
z then gt(B) is IRCS in Y(since g is I regular- closed
cont. function) lhen fr(g''(B) is lcs in x (since fis I
almost cont. function) then gof is I contra cont.
function then it is I almost contra cont, function
Hence gofis I almost contra hom. function .

2. Let A is IROS in X, but every IROS is IOS, then
A is IOS in X ,then (A) is IRCS in Y (since f is I
regular-closed open function) then g((A)) is ICS in Z
(since g is I almost open function) then gofis I almost
contra open function . Now let B is IROS in Z then g
'(B) is IOS in Y(since g is I almost contra cont.
tunction) then fr(g-r(B)) is IRCS in X (since f is I
regular -closed cont. function), but eyery IRCS is ICS
,then fr(g''(B)) is ICS in X, then gof is I almost
contra cont. funclion . Hence gof is I almost contra
hom, function .

3. Let A is IOS in X then f(A) is IROS in Y (since f
is I completely open function),but every IROS is IOS
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then g((A)) is IRCS in Z (since g is I regular -closed
open funaion) then gof is I regular closed open
function.Now let B is IOS in Z then g-r(B) is IRCS in
Y (since g is I regular- closed cont. function ) every
I RCS is ICS then f'1g''1r;; is InCS in X (since f is I
completely cont. function) then gof is I regular-
closed cont. function. Hence gof is I regular- closed
hom. function .

4. Let A is tOS in X , then (A) is IRCS in Y (since f
is I regular-closed open function), but every IRCS is
lCS, then (A) is tCS in Y ,then g((A)) is IRCS in Z
(since g is I completely closed function) then gof is I
regular-closed open function. Now let B is IOS in Z
then gt(B) is IROS in Y(since g is I completely cont.
tunction), but every IROS is IOS then 9-161 is IOS
in Y then f'(g'r(B)) is IROS in x (since f is I regular
-closed cont. function), then gofis I regular -closed
cont. function . Hence gof is I regular-closed hom.
function
5. lrt A is IROS in X then f (A) is IOS in Y (since f
is I almost open tunction) then g({A)) is IROS in Z
(since g is I completely open fundion) then g((A))
is IOS in Z; then gof is I almost open function . Now
let B is IOS in Z then gr(B) is IROS in Y(since g is I
complerely cont. function) then fr(gr(B) is IOS in X
(since fis I almost cont. function) then gof is I cont.
function then it is I almost cont. function. Hence gof
is I almost hom. function .

6. L€t A is IOS in X then f (A) is IROS in Y (since f
is I completely open function), then g((A)) is tOS in
Z (since g is I almost open function) then gof is I
open function .Now let B is IROS in z then g r(B) 

is

IOS in Y(since g is I almost cont. function)then fr(g'
r1a;; is mOS in X (since f is I completely cont.
function), but every IROS is IOS then gofis I cont.
function. Hence gof is I hom. function .

Remark 3.10
The composition of I completely hom. function and
I regular-closed hom. function is :

l. I contra hom.function , since every I regular-
closed hom. function is contra hom. function .see
(Remark 3.5 ).
2. I contra k-hom. function, since every I regular
closed hom, function is I contra k-hom. function. see
(Remark 3.5 ) .

Remark 3.11
The composition of I completely hom. function and I
almost hom. function is I almost hom.function , since
every I hom. function is almost hom. function .

Propositiotr 3.12

let (x,T) , (Y,Y) and (z,O) are ITS'S and l€t f :

X-Y is I contra hom. function and g .Y + Z is I
hom. function then gof is I slightly hom. function .

Proof
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we can prove that by (Remark 3.5) and (Proposition
3.6) .

Proposition 3.13

let (X,T) , (Y,Y) and (Z,A) are ITS's and let f :

X---,Y is I sliChtly hom. tunction and g :Y ---+ Z is I
perfectly hom. function then gof is I slightly hom.
function.
Proof
let A is I clopen set in X then (A) is tCS in Y (since
fis I slightly open function ) then g((A)) is I clopen
in Z (since g is perfectly open tunction) then g((A))
is tCS , then gof is slightly open function . Now let B
is IOS in Z then g-r(B) is I clopen set in Y (since g is I
pedectly cont. function) then l'(g'(B) ICS in X
(since f is I slightly cont. function) hence gof is I
contra cont. function then it is slightly cont. function
.Then gofis I slightly hom. function.
Remark 3.14
The composition of I contra hom. function does not I
contra hom. function .

The following example shows that :

Example: Let x = {a, b, c} ,\ = [6, * , A] where

1 = (x,{b},la}l and Y = 17,2,3} ,rz = {6,V,e}
where = (y, (1i, [2]) , and z = {o,y,6} ,

r, = {6,2,cJ where f, = (2, [y],{o}).Define a

tunction /: (X,Tr) ': (Y,Tr) by f (a) = t,f(b) =
2 and f(c) = 3, and a tunction g: (Y ,Tr) ': (Z,7")
define byg(1) = o ,SQ) = y,and9(3) = 6.
/is I contra cont. function since : the inverse image
of IOS in T, isICSinTr,/-1(B)=((x,{a},{b})
is ICS in Tl since ((/-1(B))c = A e Tr), and / is I
contra copen function since : the image of IOS in
rr is ICS in Tz (/(A) = (x. [2), {1}) ls
ICS in T, since ((/(A))" = B e Tr), hence / is I
contra hom . function .

Also g is I contra hom. function since: g is I contra
cont function

@-'(c) =
(y,{2},{1}) is ICS in T, since (g-1 (C))" = B e
f2 ) and g is I contra open unction(g (B) =
(2, [o), [y]) is ICs in 13 since ( 9 (B))' = C € 13 ).
Now golis not I contra hom. function sinc€:
(so f)(A) = s (f (A)) = g((y, {z}, tr})
=(r,{yl,{"Jl = cthenv/ e T1 then (9or)(l) €
73 , hence gof is not contra open function , also
gof is not confia cont. function ((gol)-1(C) =
f-' @-'(c)) = f-1 (<y,11\,{2)t) = (r, {b}, {c}) =
A, then V C E T3 then Grol)-l(C) € T1).
We summarized the above result by the following
diagram :
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I hom, strd I hom .

fuoctioos
I cotrtra hom. and I

contra hom.
I c{mpletely bom.
atrd I rlmost hom.

I hom. function

I hom. and I contr. hom.
functions

I contia hom. .nd I hom.
functiong

I completely hom..nd I reguhr -
cloaad hom. furctioos

I cotrtrr hom. functiol

I tx-hom..nd I contra Sr-

K- hom . functlo.rs

I contra S-K-hom.and I
S*-K- hom . functions

I complct.]y hom..rd I rcguLr -
closcd hom. fuuctiotrs

I contra k- hom. functlon

I hom. and I hom . functions
Iconlr. holn. rnd Iconaia holtr.

functions

I almost hom . functiont

I almo3t hom. rnd I completcly
hom. functions

I complctcly hom. rrtd I ilmo3t
hom. funclionr
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I hom. and I contra hom.
functions

I contra hom. and I hom .

functioIts

I almost cotrtra hom .

I reguhr- closcd hom. snd I
rlmost hom. functions

I slmost hom. and I rcgulrr -

clolcd hom, functions

I contra hom.and I hom,futrctions
I completcly hom.and I regulsr-

closed hom. functions

I regular- closed

hom. functions

I slightly hom.

function

I regular- closed hom.and I
completely hom. functions

I llightly hom. snd I p.rf.ctly hom .

fuDctions

I S-K-hom. and I Si-K- hom .
functions

I contra SK-hom. atrd I contra S*-
K- hom. functiotrs
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(almost homeomorphism, almost k- homeomorphism, almost S-k- homeomorphism, almost S*-k-
homeomorphism, almost contra homeomorphism, almost contra k- homeomorphism, almost contra S-k-
homeomorphism, almost contra S*-k- homeomorphism, regular- closed homeomorphism, completely
homeomor?hism, perfectly homeomor?hism and slightly homeomorphism) .

e. dljJll .rA eJs.. J3l i-!p lrdi r:. k= {semi, fl, per, g } cr-
(k- homeomorphism, S-k- homeomorphism, S+-K- homeomorphism, contra homeomorphism, contra k-

homeomorphism, contra S-k- homeomorphism, contra S*-k- homeomorphism) .
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