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Introduction

Mappings plays an important role in the study ofderm mathematics, especially in Topology .
Functional analysigOpen and closethappings ar one such mappings which are studied for differgpés$ of oper
and closedsets by various mathematicians for the past maaysyé.Biswas, discussed abisemiopen mappings
in the year 1970, &.Mashhour, M.E.Abd -Monsef and S.N.EI-Deeb studipdeopen mappings in the year 1¢
and S.N.El-Deeb, and I.A.Hasanidefind and studied about preclosed mappings inyda 1983. Further Asit
kumar sen and P. Bhattacharya discussed abc-closed mappings in the year 1923S.Mashhour, I.A.Hasane
and S.N.El-Deeb introduced-open and a-closed mappings in the year in 198 Cammaroto and T.No
discussed about semipogen and semip-clsoed mappings in the year 1989 &h@.Navalac further verified few
results about semipreclosed mappi M.E.Abd El-Monsef, S.N.EBeeb and R.A.Mahmo! introducedp-open
mappings in the year 198®3d Saeid Jafari and T.No studied aboup-closed mappings in the ye2000. C. W.
Baker, introduced Contrapen functions and con-closed functions in the year 1B9M.Caldas and C.W.Bak
introduced contra preemiopen Maps in the year 20(nspired with these concepts and its interestirgerties we
in this paper tried to study a new variety of oand closed maps called almost corfirapenand almost cont-3-
closed maps. Throughout the papetly means topological spacex, ) and {,6) on which no separation axior
are assured.

Preliminaries

Definition 2.1: AJ X is said to be

a) regular open[pre-open; sempen; a-open; -open] if A = int(cl(A)) [AOint(cl(A)); ADO cl(int(A)); AO

int(cl(int(A))); ADO cl(int(cl(A)))] and regular closed[p-closed; semi-closedp-closed; B-closed] if A =
cl(int(A))[cl(int(A)) O A; int(cl(A))T A; cl(int(cl(A))) O A; int(cl(int(A)))O Al

b) g-closed[rg-closed] if cl(AYU[rcl(A) OU] whenever AIU and U is open[epen] in X an g-open[rg-open] if
its complement X - A is g-closed[esed]

Definition 2.2: A functionf:X—Y s said to b

a) continuous[resp: sentientinuous, -continuou}if the inverse image of every open set is ofresp: semi open,
regular open] and gentinuous [resp: -continuous] if the inverse image of every closetise-closed. [resp:
rg-closed].

b) irresolute [resp: irresolute] if the inverse image of every semi offesp: regular open] set is semi opeesp:
regular open].

c) open[resp: semi-open; popen] if the image of every open seX is open[resp: sentper; pre-open] inY.
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d) closed[resp: semi-closed, r-closed] if the imagewary closed set is closed [resp: semi closedjaeglosed].

e) contra-open[resp: contra semi-open; contra prejofethe image of every open set Xis closed[resp: semi-
closed; pre-closed] iM.

f) contra closed[resp: contra semi-closed; contractoeed] if the image of every closed setXins open[resp:
semi-open; pre-open] M.

Remark 1: We have the following implication diagrams for opgts and closed sets.
semi-open-» - [-open semi-closed. - [-closed
) 1 1 1
r-open- open- a-open- pre-open r-closed closed- a-closed- pre-closed

Definition 2.3: X is said to be T[r-T ] if every (regular) generalized closed set is @tag closed.

Almost Contra -Open Mappings
Definition 3.1: A functionf: X5 Y is said to be almost contfaopen if the image of every r-open setAris 3-
closed inY.

Example 1: LetX =Y ={a, b, c};1 = {q, {a}, {b}, {a, b}, X}; o ={q {a}, {b}, {a, b}, Y}. Let f:X- Y be defined
f(a) = b,f(b) = c and(c) = a. Therf is almost contrgFopen and contrA-open.

Example2: LetX=Y ={a, b, c};1 ={q, {a}, {b}, {a, b}, X}; o ={@ {a}, {a, b}, Y}. Let f:X- Y be defined(a) =
a,f(b) = c and(c) = b. Therf is not almost contrg-open and contrd-open

Theorem 3.1: Every contrgB-open map is almost contfaepen but not conversely.
Proof: Let ACIX be r-open= A is open= f(A) is p-closed inY. sincef:X- Y is contras-open. Hencé is almost
contrag-open.

Example3: LetX=Y={a, b, c};t ={@, {a}, X}; o ={¢g, {a}, {a, b}, Y}. Let f:X- Y be defined(a) = a,f(b) = c
andf(c) = b. Therf is almost contrg-open but not contrg-open.

Note 1: We have the following implication diagram among tipen maps.
€S.0.- - - - » —» Ccp.o
! !
al.cs.o-» - - - - alcB.o
) )
Al.c.r.o - - - al.c.o.- al.ca.o. - al.c.p.o.
) 1 1
cro- - - - C0.» » C0.0.-> - C.p.O. None is reversible.

Example4: LetX=Y={a, b, c};1 ={q@ {a}, {b}, {a, b}, X}; o ={q {a}, {b}, {a, b}, Y}. Let f:X-Y be defined
f(a) = b,f(b) = c andf(c) = a. Therf is almost contrg-open, almost contra-semi-open, contrapen and contra
semi-open but not almost contra-open, almost ceprieeopen, contra-open and contra-pre-open.

Example5: LetX=Y={a, b, c};t={q@, {a}, {b}, {a, b}, X}; o ={@, {a, c}, Y}. Let f:X- Y be defined(a) = b,f(b)
= ¢ andf(c) = a. Therf is almost contrg&-open, almost contra pre-open, conrapen and contra-pre-open but not
almost contra-open, almost contra-semi-open, canyesm and contra-semi-open.

Example 6: LetX =Y ={a, b, c}; 1 ={@, {a}, X}; o ={@, {a}, {a, b}, Y}. Let f:X- Y be defined(a) = a,f(b) = c
andf(c) = b. Thenf is almost contra-open, almost contra-semi-opengsiroontra-pre-open and almost corftra-
open, but not contra-open, contra-semi-open, cgeopen and contrg-open.

Example7: LetX=Y ={a, b, c};1 ={q {a}, {b}, {a, b}, X}; 0 ={@ {a}, {a, b}, Y}. Let f:X- Y be defined(a) =

a, f(b) = ¢ andf(c) = b. Therf is not almost contra-open, almost contra-semi-opénpst contra-pre-open, almost
contrag-open, contra-open, contra-semi-open, contra-prerapd contrg-open.
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Note 2: If BC(Y) = RC(Y) We have the following implication digegn among the open maps.
al.c.s.0.o o o o o alcp.o
Tl Tl
Al.c.r.o o« o al.c.o.- al.co.o. -~ al.c.p.o.

Theorem 3.1: If f is open[r-open] and is contraB-open therg o f is almost contrg-open.
Proof: Let AcX be r-open= f(A) is open[r-open] inY = g(f(A)) = gof(A) is B-closed inZ. Henceg o f is almost
contraf-open.

Theorem 3.2: If f is almost contra open[almost contra-r-open] g@iglp-closed themy o f is almost contrg-open.
Proof: Let ASX be r-open in X= f(A) is closed[r-closed] in Y= g(f(A)) = g*f(A) is B-closed in Z. Hencee f is
almost contrg-open.

Corollary 3.1:
(i) If fis open[r-open] and is contrar-open therg o f is almost contr§-open.
(ii) If fis almost contra open[almost contra-r-open] giglr-closed therg o f is almost contrg-open.

Theorem 3.3: If f: X- Y is almost contr@-open therg(f(A)) T f(A)
Proof: Let AOX andf: X-Y be almost contrg8-open. Thenf(A) is pB-closed inY and f(A) O f(A). This
implies B(f(A)) O B(f(4)) - 1)
Sincef(A) is p-open inY, B(f(4))= f(A) N 2
Using (1) & (2) we hav@(f(A))= f(A) for every subset A of.

Remark 2: Converse is not true in general.

Example 8: LetX=Y={a, b, c}1 = {@ {a}, {a, b}, X} 0 ={g, {a}, {b}, {a, b}, Y}. Let f: XY be the identity
map. TherB(f(A)) O f(A) for every subset A of. Butf is not contrg8-open sincd({a, b}) = {a, b} is notp-closed.

Remark 3: Similarly one can verify the case for almost cofit@pen.
Corollary 3.2: If f:X- Y is almost contra-open thenB(f(A)) O f(A).

Theorem 3.4: If f:X- Yis almost contr@-open and AlX is openf(A) is tg.closed inY.
Proof: Let AOX andf:X-Y be almost contr@-open= B(f(A)) U f(A) (by theorem 3.3.3> B(f(A)) T f(A) since
f(A)=f(A) as A is open. BU(A) O B(f(A)). Therefore we havéA) = B(f(A)). Hencef(A) is tg.closed inY.

Corollary 3.3: If f:X- Y is almost contra-open, theri(A) is 1g-closed inY if A is r-open set irX.

Theorem 3.5: f:X- Y is almost contrg-open iff for each subset S ¥fand each r-closed set U containff¢S),
there is ar-open set V off such that § V andf(v) O U.

Remark 4: Composition of two almost contfropen maps is not almost conf@pen in general.

Theorem 3.6: Let X, Y, Z be topological spaces and ev@rglosed set is-open inY. Then the composition of two
almost contrg-open[almost contre-open] maps is almost confeopen.

Proof: (a) Letf:X- Y and gY - Z be almost contrf-open maps. Let A be any r-open seKia> f(A) is B-closed in
Y= f(A) is r-open inY (by assumption}= g(f(A)) = gof(A) is B-closed inZ. Thereforeg o f is almost contr@-open.

(b) Letf: XY and gY - Z be almost contrf-open maps. Let A be any r-open seKirs> f (A) is r-closed
in Y = f(A) is B-closed inY= f (A) is r-open inY (by assumption} g(f (A)) is r-closed inZ = g o f(A) is B-
closed inZ. Thereforegof is almost contr§-open.

Theorem 3.7: Let X, Y, Z be topological spaces and Y is discrete topoldgipace inY. Then the composition of
two almost contr@-open[almost contre-open] maps is almost conteopen.
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Theorem 3.8: If f:X- Y is g-open, g Z is almost contr@-open [almost contre-open] andY is Ty, [r-Ty2] then
gof is almost contr@-open.

Proof: (a) Let A be an r-open set X Thenf(A) is g-open set iy = f (A) is open inY asY is Ty, = g(f(A)) =
gof(A) is B-closed inZ sinceg is almost contr@-open. Hencegof is almost contr§-open.

(b) Let A be an r-open set ) Thenf(A) is g-open set iy = f (A) is open inY asY is Ty, = g(f(A)) =
gof(A) is r-closed inZ sinceg is almost contra-open=> gof(A) is f-closed inZ. Hencegof is almost contr@-open.

Theorem 3.9: If f:X- Yis rg-closedg:Y - Z is almost contr§-open [almost contre-open] andY isr-Ty,, theng o
f is almost contr@-open.

Proof: Let A be an r-open set M. Thenf(A) is rg-open inY = f(A) is r-open inY sinceY isr-Ty, = g(f(A)) =
gof(A) is B-closed inZ. Hencegof is almost contr-open.

Theorem 3.10: If :X-Y, g:Y-Z be two mappings such thgof is almost contrgd-open [almost contra-open]
then the following statements are true.

a) If f is continuousr-continuous] and surjective thgris almost contr-open.

b) If f is g-continuous, surjective aixdis Ty, theng is almost contr@-open.

c) If f is rg-continuous, surjective addis r-Ty, theng is almost contr&-open.

Proof: (a) Let A be an r-open set = f*(A) is open inX = (g o )(f*(A)) = g(A) is p-closed inZ. Henceg is
almost contrg-open.

(b) Let A be an r-open set = f*(A) is g-open inX = f'(A) is open inX[sinceX is Ty;] = (g 0 f)(F(A)) = g(A)
is B-closed inZ. Henceg is almost contr-open.

(c) Let A be an r-open set M = f*(A) is g-open inX = f(A) is open inX[sinceX is r-Ty,] = (g o )(F(A)) =
0(A) is B-closed inZ. Henceg is almost contrg-open.

Theorem 3.11: If f:X- Y is almost contrg-open and A is an open set ¥fthenf,:(X, T1(A)) - (Y, o) is almost
contraf-open.

Proof: (a) Let F be an r-open setAn Then F = A E for some open set E &fand so F is open iX = f(F) is p-
closed inY. Butf(F) =fa(F). Thereford, is almost contr-open.

Theorem 3.12: If f:X- Y is almost contrg-open,X is Ty, and A is g-open set of thenfa:(X, T(A)) - (Y, 0) is
almost contrg-open.

Proof: Let F be an r-open set & Then F = AE for some open set E ¥fand so F is open i = f(F) isp-closed
in Y. Butf(F) =fa(F). Thereford, is almost contr-open.

Corollary 3.4: If f:X- Y is almost contra-open
() and Ais an open set ¥fthenfa:(X, T(A)) - (Y, 0) is almost contrf-open.
(i) Xis Typand A is g-open set of thenfa:(X, T1(A)) - (Y, 0) is almost contr§i-open.

Theorem 3.13: If f: X;-Y; be almost contr@-open [almost contra-open] for i =1, 2. Lef: X;xX;- YiXY, be
defined ad(xy,%2) = (f1(X1),f2(x2)). Thenf:X;xX; - Y1XY, is almost contrg-open.

Proof: Let UixU, O XixX, where Y is r-open inX; for i = 1,2. Therf(U;xU,) = fy(Uy) X fo(Uy) is p-closed set in
Y1xY,. Hencef is almost contr@-open.

Theorem 3.14: Let h:X - X;xX; be almost contrf-open. Letf;:X- X; be defined ak(x)=(xy,X2) andfi(x) = x. Then
fi: X X is almost contr-open for i =1, 2.

Proof: Let U; be r-open in X then Ux X, is r-open in Xx X,, andh(U;x X5) is B-closed in X. Buff;(U;) = h(Ux
X>), thereforef; is almost contr@-open. Similarly we can show thiatis also almost contrfgropen and thug: X -

X is almost contr-open fori =1, 2.
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Almost Contra p-Closed M appings
Definition 4.1: A functionf: X- Y is said to be almost contfaclosed if the image of every r-closed seKiis -
open inY.

Example 9: LetX=Y={a, b, c};1 ={q {a}, {b}, {a, b}, X}; o ={q {a}, {b}, {a, b}, Y}. Let f:X-Y be defined
f(a) = b,f(b) = c and(c) = a. Therf is almost contrg-closed and contrg-closed.

Example 10: LetX=Y={a, b, c};t ={@ {a}, {b}, {a, b}, X}; 0 ={@ {a}, {a, b}, Y}. Let f:X- Y be defined(a) =
a,f(b) = c and(c) = b. Therf is not almost contrg-closed and contrA-closed.

Theorem 3.1: Every contrgB-closed map is almost contfaclosed but not conversely.
Proof: Let AOX be r-closed= A is closed= f(A) is f-open inY. sincef: X Y is contrag-closed. Hencéis almost
contrap-closed.

Example 11: LetX=Y ={a, b, c};1 ={q@, {a}, X}; 0 ={o@, {a}, {a, b}, Y}. Let f:X- Y be defined(a) = a,f(b) =c
andf(c) = b. Therf is almost contrg-closed but not contrd-closed.

Note 3: We have the following implication diagram among tosed maps.
cS.C.» - - - - - cf.c
! !
al.cs.c- - - - - alcf.c
1 1
Al.c.r.c -~ - - al.c.c.- al.co.c. - al.c.p.c.
1 1 1
cr¢c- - - » CC.-» -» C0.C.»> - C.p.C. None is reversible.

Example12: LetX =Y ={a, b, c}; 1 ={q, {a}, {b}, {a, b}, X}; o ={q, {a}, {b}, {a, b}, Y}. Let f:X-Y be defined
f(a) = b,f(b) = c andf(c) = a. Thenf is almost contrg-closed, almost contra-semi-closed, coptelosed and
contra semi-closed but not almost contra-closedpat contra-pre-closed, contra-closed and congeclosed.

Example 13: LetX =Y ={a, b, c}; 1 = {q@, {a}, {b}, {a, b}, X}; o ={@, {a, c}, Y}. Let f:X- Y be defined(a) = b,
f(b) = c andf(c) = a. Thenrf is almost contrg-closed, almost contra pre-closed, corfredosed and contra-pre-
closed but not almost contra-closed, almost cosgrai-closed, contra-closed and contra-semi-closed.

Example 14: LetX=Y ={a, b, c}; 1 ={o@ {a}, X}; o ={o, {a}, {a, b}, Y}. Let f:X- Y be defined(a) = a,f(b) = ¢
andf(c) = b. Therf is almost contra-closed, almost contra-semi-cloafdpst contra-pre-closed and almost contra-
p-closed, but not contra-closed, contra-semi-closedtra-pre-closed and conifaclosed.

Example 15: LetX=Y={a, b, c};t ={q {a}, {b}, {a, b}, X}; 0 ={q {a}, {a, b}, Y}. Let f:X- Y be defined(a) =
a, f(b) = ¢ andf(c) = b. Thenf is not almost contra-closed, almost contra-sensgedp almost contra-pre-closed,
almost contrgs-closed, contra-closed, contra-semi-closed, conteecjmsed and contré-closed.

Note 4: If BO(Y) = RO(Y) following implication diagram amongoded maps is true.
al.c.s.C.o o o o o alcPB.c
Tl Tl
Alc.r.c o o al.c.c.o al.co.c. - al.c.p.c.

Theorem 4.1: If f is closed[r-closed] anglis contra-closed therof is almost contr@-closed.

Proof: Let AcX be r-closed> f(A) is closed[r-closed] irY = g(f(A)) is B-open inZ = g o f(A) is p-open inZ.
Henceg o f is almost contr@-closed.
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Theorem 4.2: If f is almost contra closed[almost contra-r-closed gris B-open theng o f is almost contrd-
closed.

Proof: Let AcX be r-closed in X= f(A) is open[r-open] in Y= g(f(A)) = g-f(A) is p-open in Z. Hencage f is
almost contrg-closed.

Corollary 4.1:

(i) If fis closed[r-closed] angis contra closed[contra-r-closed, corgeaniclosed, contrgre-closed] therg o f is
almost contrg-closed.

(ii) If f is almost contra closed[almost contra-r-closeatracssemiclosed, contrgre-closed] andy is r-open therg
o fis almost contrg-closed.

Theorem 4.3: If f: XY is almost contr@-closed, theri(A°)0 B(f(A))°

Proof: Let AO X be r-closed and X - Y is almost contrg8-closed gived(A°) is B-open in Y and(A°)Of(A)
which in turn give(f(A°)°0 B(f(A))°---(1)

Sincef(A°) is B-open in Y ,B(f(A))° = f(A®%)-----------m-mm-- (2)

combining (1) and (2) we ha¥@\°) 0 B(f(A))° for every subset A of X.

Remark 5: Converse is not true in general as shown by theviaig example.

Example 16: LetX =Y ={a, b, c}1 ={q, {a}, {a, b}, X} 0 ={q, {a}, {b}, {a, b}, Y}. Let f: X-Y be the identity
map. Therf(A%)c B(f(A))° for every subset A oX. Butf is not contrg-closed sincé({c}) = {c} is not B-open.

Remark 6: Similarly one can verify the case for almost coifft@pen.
Corollary 4.2; If f:X- Y is almost contra-closed, therfi(A°)0 B(f(A))°

Proof: Let A0l X be r-closed anfl X - Y is almost contra-closed give$(A°) isr-open in Y and(A°)Of(A) which

in turn givesB(f(A°)°0 B(f(A)) *---------- 1)
Sincef(A°) is B-open in Y B(f(A%))° = f(A%)----------r-m---- )
combining (1) and (2) we ha¥@\°) 0 B(f(A))° for every subset A of X.

Theorem 4.4: If f:X- Y is almost contr@-closed and AlX is closedf(A) is Tp.open inY.

Proof: Let AO X be r-closed ant X - Y is almost contrg-closed= f(A%)0 B(f(A))° = f(A) O B(f(A))°, since
f(A) = f(A°). ButB(f(A))°0 f(A). Combining we gef(A) = B(f(A))°. Thereforef(A) is T5-openiin Y.

Corollary 4.3: If f:X- Y is almost contra-closed, therfi(A) is t;-open inY if A is r-closed set ifX.

Proof: Let A0 X be r-closed and: X - Y is almost contra-closed= f(A%)0 r(f(A))° = f(A°)O B(f(A))° (by
theorem 4.3)= f(A) O B(f(A))°, sincef(A) = f(A°). But B(f(A))°0 f(A). Combining we gef(A) = B(f(A))°. Hence
f(A) is tg.0peniny.

Theorem 4.5: f:X- Y is almost contrg-closed iff for each subset S ¥fand each r-open set U containifigS),
there is ar-closed set V o¥ such that § V andf*(V) O U.

Remark 7: Composition of two almost contfaclosed maps is not almost confralosed in general.

Theorem 4.6: Let X, Y, Z be topological spaces and ev@rppen set is-closed inY. Then the composition of two
almost contrg-closed[almost contraclosed] maps is almost conieclosed.

Proof: (a) Letf:X-Y and g¥Y - Z be almost contrf-closed maps. Let A be any r-closed seXim> f(A) is B-open
in Y = f (A) is r-closed inY (by assumption}= g(f(A)) = gof(A) is p-open inZ. Thereforeg o f is almost contrg-
closed.
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(b) Letf:X- Y and gY - Z be almost contrf-closed maps. Let A be any r-closed seXi f(A) is r-open
in Y= f(A) is B-open inY = f(A) is r-closed inY (by assumption}> g(f(A)) is r-open inZ = gof(A) is p-open inZ.
Thereforegof is almost contrg-closed.

Theorem 4.7: Let X, Y, Z be topological spaces and Y is discrete topoldgipace inY. Then the composition of
two almost contr$-closed[almost contre-closed] maps is almost coniaclosed.

Theorem 4.8: If f:X- Y is g-closed, ¢¢— Z is contraB-closed [contra-closed] andY is Ty, [r-Ty,) thengof is
almost contrg-closed.

Proof: (a) Let A be a r-closed set 1 Thenf(A) is g-closed set i = f (A) is closed inY asYis Ty»,= g(f(A)) =
gof(A) is B-open inZ sinceg is contraB-closed. Hencgof is almost contr@-closed.

(b) Let A be a r-closed set ¥ Thenf(A) is g-closed set ity = f (A) is closed inY asY is T;»,= g(f(A)) is
r-open inZ sinceg is contrar-closed= gof(A) is p-open inZ. Hencegof is almost contrg-closed.

Theorem 4.9: If f:X- Y is rg-openg:Y - Z is contraB-closed[contra-closed] andy is r-Ty,, theng o f is almost
contrap-closed.

Proof: Let A be a r-closed set . Thenf(A) is rg-closed inY = f(A) is r-closed inY sinceY isr-T1,= gf(A)) =
gof(A) is B-open inZ. Hencegof is almost contr§-closed.

Corollary 4.4:

(i) If :X-Yis g-closed, of—Z is contraclosed[contrar-closed, contrasemiclosed, contrgre-closed] andyY is
T [r-Tyo] thengof is almost contr-closed.

(ii) If :X-Yis rg-openg:Y - Z is contraclosed [contra-closed, contra&emiclosed, contrgre-closed] andy isr-
T2 theng o f is almost contrg-closed.

Theorem 4.10: If f: XY, g:Y - Z be two mappings such thgaf is almost contrf-closed [almost contre-closed]
then the following statements are true.

i) If fis continuousrcontinuous] and surjective thgrs almost contrg-closed.

ii) If fis g-continuous, surjective aixdis Ty, theng is almost contr@-closed.

iii) If fis rg-continuous, surjective aixdis r-Ty, theng is almost contrg-closed.

Proof: (a) Let A be a r-closed set = f(A) is closed inX = (g o )(f*(A)) = g(A) is p-open inZ. Henceg is
almost contrg-closed.

(b) Let A be a r-closed set ¥ = f(A) is g-closed inX = f*(A) is closed inX[since X is Tys] = (g 0
f)(f'l(A)) =g(A) is p-open inZ. Henceg is almost contr§-closed.

(c) Let A be a r-closed set 1= f(A) is g-closed inX = f*(A) is closed inX[since X is r-Ty,] = (g 0
f)(F*(A)) = g(A) is B-open inZ. Henceg is almost contrg-closed.

Theorem 4.11: If f:X- Y is almost contr@-closed and A is an closed setXthenf,:(X, T(A)) - (Y, 0) is almost
contrap-closed.

Proof: (a) Let F be a r-closed setAn Then F = A E for some closed set E Bfand so F is closed i = f(F) is
B-open inY. Butf(F) =fa(F). Thereford, is almost contr§-closed.

Theorem 4.12: If f:X - Y is almost contr§-closed X is Ty, and A is g-closed set of thenf:(X, T1(A)) - (Y, 0) is
almost contrg-closed.

Proof: Let F be a r-closed set & Then F = A E for some closed set E ¥fand so F is closed i = f(F) is p-
open inY. Butf(F) =fA(F). Thereford, is almost contr§-closed.
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Corollary 4.5: If f:X- Y is almost contra-closed
(i) and Ais an closed set ¥fthenfa:(X, T(A)) - (Y, 0) is almost contr@-closed.
(ii) Xis Ty, and A is g-closed set ofthenfa:(X, T(A)) - (Y, 0) is almost contr§-closed.

Theorem 4.13: If fi: X;-Y; be almost contr@-closed [almost contreclosed] for i =1, 2. Let: X;xX;- YixY, be
defined ad(x1,xz) = (f1(X1),f2(X2)). Thenf:X;xX; - Y1xY, is almost contr§-closed.

Proof: Let UixU, [0 X;xX, where U is r-closed inX; for i = 1,2. Therf(U;xU,) = fi(U;) x fo(U,) is B-open set in
Y1xY,. Hencef is almost contrg-closed.

Theorem 4.14: Let h:X- X;xX, be almost contr@-closed. Letfi:X- X; be defined afi(x)=(x1,x;) andfi(x) = x.
Thenf;: X X;is almost contr@-closed for i =1, 2.

Proof: Let U, be r-closed in X then Ux X; is r-closed in Xx X,, andh(Ux X5) is -open in X. Buff;(U;) = h(Ux
X>), thereforef; is almost contrg-closed. Similarly we can show thatis also almost contig:closed and thuk: X
- X; is almost contrf-closed fori=1, 2.

Conclusion
In this paper we introduced the concept of almasitra 3-open mappings, studied their basic properties
and the interrelationship between other open maps.
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