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Abstract- In this paper we have introduced intuitionistic almost open maps, intuitionistic almost a-open maps, intuitionistic
almost o-open maps, intuitionistic almost -open maps and intuitionistic almost -open maps on intuitionistic topological
spaces. These generalized forms of intuitionistic almost open maps are defined by intuitionistic open sets and investigate
relationships among these maps. We have constructed some examples which are quite useful in theory of intuitionistic open

maps.

Keywords: intuitionistic almost open maps,

intuitionistic almost o-open maps, intuitionistic almost o-open maps,

intuitionistic almost w-open maps and intuitionistic almost f-open maps

l. INTRODUCTION

The notation of intuitionistic set was introduced by Coker
[7] in 1996, and also he [8] has introduced the concept of
intuitionistic topological spaces. In 2012, A. Manimaran and
K. Arun Prakash [1] introduced the concept of intuitionistic
fuzzy almost open mapping. They have also studied some of
the properties of intuitionistic fuzzy almost open mapping
and their relationship between other existing intuitionistic
fuzzy open mappings. In this paper we shall have introduced
some generalized form of intuitionistic almost open maps,
intuitionistic almost a-open maps, intuitionistic almost o-
open maps, intuitionistic almost m-open maps and
intuitionistic almost p-open maps. We obtained some
significant properties of such maps and the relationships
among these maps on intuitionistic topological spaces.

I1. PRELIMINARIES

In this section we have studied set theoretical results of
intuitionistic sets. Futher we have studied some generalized
forms of intuitionistic open and intuitionistic closed set in
intuitionistic topological space.

Definition 2.1 [7] Let X is a non empty set. An intuitionistic
set (IS for short) A is an object having the form A=< X, Ay,
A, >, where A; and A, are subsets of X satisfying A; N A, =
¢. The set A, is called the set of members of A, while A; is
called the set of nonmembers of A.
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Definition 2.2 [7] Let X be a non empty set and let A, B are
intuitionistic sets in X of the form A =

<X, Ay, A, >, B =<X, By, B, > respectively. Then
1L.ACBIiffA;cB;and B, S A;

2. A=Biff ASBand B C A;

A=< X, Ay A >
4.o~=<X, 0, X> X~=<X, X, ¢ >;

5 AuU B:<X,A1U Bl,Asz2>;
6,ANB=<X,A;NBy, A UB,;>;

Further if {A; : i € J} is an arbitrary family of intuitionistic
sets in X, where A;= < X, A; ¥,

A @ > Then

7.NA; =< X, NAY, UA® >

8. UA; =< X, UA®, NA® >;

Definition 2.3 [8] An intuitionistic topology (for short IT)
on a non empty set X is a family of ISs in X satisfying the
following axioms.

l.o~, X~€1.

2.G; N Gy €t forany Gy, G, € 1.

3. UG, € 1 for any arbitrary family {G;: i € J} € 1. In this
case the pair (X,t ) is called an intuitionistic topological
space(for short ITS) and any intuitionistic set in t is known
as an intuitionistic open set (for short 10S) in X. The
complement A°

of an Intuitionistic open set A is known as an intuitionistic
closed set (for short ICS) in X.

Definition 2.4 [7] Let X be a non empty set and peX. Then
the IS P defined by P = < X, {p}.{p}° > is called an
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intuitionistic point (IP for short) in X. The intuitionistic
point P is said to be contained in
A=<X, Ay, Ay> (i.e peA) ifandonly if pe A,.

Definition 2.5 [8] Let f be a function from a set X

to set Y. Let A=< X, Al, A% > be an intuitionistic

set in X and B=< X, B!, B? > be an intuitionistic

setin Y. Then the preimage f*(B) is an IS in X defined by
f1(B) =<, f}(BY), f1(B?) >,

and the image f(A) is an IS in Y defined by

f(A) = <Y, f(A"), £.(A?) >, where (A% = (f((A%)"))".

Definition 2.6 [8] Let A, A; (i €]) be intuitionistic sets in X,
B, B;(j € k) be intutionistic sets in Y and
f: X = Y amap. Then

2. B,cB, - f}B,) c f(B,.

3. Acf(f(A)) and if fis 1-1, then A = f (f(A)).

4. fHUB)) =Uf(B)).

5. f(nB) =nf(B).

6. f(UA) = UF(A).

7. f(nA) S nf(A): if fis 1-1, then f(NA) = Nf(A).

8. f(Y~)=X~ andf*(o~)= ¢~

9. f(X~)=Y Iffisonto f(ep~) = ¢~.

10. If fis onto, then f(A) < f(A) : and if furthermore, f is 1-

1, we have f(A) = f(A).
11. fY(B)=f"1®,

Definition 2.7 [9] Let (X, 1) be an ITS. Then intuitionistic
set A of X is said to be

(1) Intuitionistic semiopen (for short lg-open) if A <
Icl(lint(A))

(2) Intuitionistic preopen (for short Im-open) if A <
lint(Icl(A))

(3) Intuitionistic
lint(lcl(lint(A)))

(4) Intuitionistic
Icl(lint(Icl(A))[2]

a-open (for short la-open)if A <

B-open (for short IB-open) if Ac

The compliment of Intuitionistic a-open (resp. Intuitionistic
semi-open, Intuitionistic

pre-open, and Intuitionistic [B-open) is said to be
Intuitionistic o-closed (resp. Intuitionistic semi-closed,
Intuitionistic pre-closed, and Intuitionistic

B-closed) li(A){resp.lis(A), li. (A) and lig (A)} is denoted
by the union of Intuitionistic a-open (resp. Intuitionistic
semi-open, Intuitionistic pre-open,

and Intuitionistic f-open) sets included in A, and

Ic, (A){resp.lco(A), Ic(A) and Icg(A)} is denoted by the
union of Intuitionistic a-closed (resp. Intuitionistic semi-
closed, Intuitionistic pre-closed, and Intuitionistic B-closed)
sets including A.

The family of all intuitionistic a-open set (resp. intuitionistic
semi-open set, intuitionistic pre-open and intuitionistic -
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open set set} subset of a space (X,t ) will be as always
denoted by aO(X)(resp. cO(X), tO(X) and BO(X)).

Definition 2.8 [6] Let (X, ) and (X', ') be an

ITS’s. Then a map f: X — X' is said to be intuitionistic open
maps if f (V) is 7' -10 set in

X' for every 110 set V of X.

Example 3.1 Let X and X' be ITS’s where X=X' ={a,b,c}
and 1= {p ~, X ~, <X, {a, b}, ¢ >}, 7' = {¢p ~, X'~, < X,
{c}, ¢ >} on X and X' respectively. We consider a map f:
X— X' defined by f(a) = c, f(b) = ¢, f(c) = a. Let V=< X, {a,
b}, @ > be 1 -intuitionistic-open set in X then f (V) =< X/,
{c}, @ > is T intuitionistic open set in X' Thus f is
intuitionistic open maps.

Definition 2.9 [16] A map f: (X, ©) — (X, © ) is
intuitionistic a-open if the image f(A) is intuitionistic a-open
in X' for every intuitionistic open set A in X.

I11. SOME GENERALIZED FORM OF
INTUITIONISTIC

Almost Open Maps

Definition 3.1 Let (X,t ) and (X', 1) be an ITS’s. Then a
map f: X — X' is said to be intuitionistic almost open
maps (for short 1A-open maps) if

f(V)ist'-10 setin X' for every t-IRO set V of X.

Example 3.1 Let X and X 'be ITS’s where X=X' = {a,b,c}
andt= {¢ ~, X ~, <X, {a, b}, 0 >, <X, ¢, {a, b}>}, 7' = {o
~, X'~ < X, {c}, ¢ > <X, o, {c}>} on X and X'
respectively. We consider a map f: X— X' defined by f(a) =
c, f(b) =c, f(c) =a Let V=<X, {a, b}, p > be t-IRO set in
Xthen f (V) =< X', {c}, ¢ >is ' — intuitionistic open set in
X. Thus fis an intuitionistic almost open maps.

Definition 3.2 Let (X,t) and (X', t') be ITS’s. Then the map
f: X — X'is said to be intuitionistic almost a-open map(for
short 1A-a-open maps) if f (V) is

' -lo-open set in X' for every t—IRO set V of X.

Example 3.2 Let (X,1) and (X!, t') be ITS’s where X=X
={ab}andt={¢p ~, X ~, <X, 0,0>},7 = {¢p ~, X'~, <
X', {a}, ¢ > < X, ¢, {b}, < X, 9, ¢>} on X and X
respectively. We consider a map f: X— X' defined by f(a) =
b, f(b) = a. Thus f is intuitionistic almost a-open maps.

Definition 3.3 Let (X,t) and (X', t') be ITS’s. Then the map
f: X — X'is said to be intuitionistic almost p-open map(for
short 1A-B-open maps) if f (V) is t' -IB-open set in X' for
every T—IRO set V of X.

Example 3.3 Let (X,t) and (X!, t') be ITS’s where X=X
={a,b} and 1= {¢ ~, X ~, <X, {a}, {b} > <X, {b}, {a} >},
T ={p~, X~ <X, {a}, 9> <X, ¢, {b} >} on X and X'
respectively. We consider a map f: X— X' defined by f(a) =
b, f(b) = a. Thus f is an intuitionistic almost 3-open map.
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Definition 3.4 Let (X,7) and (X', T') be ITS’s. Then the map
f: X — X'is said to be intuitionistic almost n-open map(for
short 1A-n-open maps) if f (V) is 1' -In-open set in X' for
every T—IRO set V of X.

Example 3.4 Let (X,r) and (X!, 7') be ITS’s where X=X'
={ab,c} andt= {p ~, X ~, <X, ¢, {a} >, <X, {a}, ¢ >},
T = {p ~, X'~, <X, {c}, {ab} >, < X, {a}, {b,c} >, < X,
{a,c}, {b} > } on X and X' respectively. We consider a map
f: X— X' defined by f(a) = b, f(b) = a and f(c)=c. Thus f is
an intuitionistic almost w-open map.

Definition 3.5 Let (X,t) and (X, 7') be ITS’s.

Then the map f: X — X' is said to be intuitionistic almost
o-open map(for short 1A-c-open maps) if

f (V) is t'-Io-open set in X' for every t—IRO set

V of X.

Example 3.5 Let (X,1) and (X', 1) be ITSs where X=X
={a,b} andand t= {¢p ~, X ~, <X, 0, {a} >, <X, {a}, 0>},
= {p~, X'~ <X, {a}, 9>, < X, 9, {b} >} on X and X'
respectively. We consider a map f: X— X' defined by f(a) =
b, f(b) =a. Thus f

is an intuitionistic almost c-open map.

Proposition 3.1 Let (X,t) and (X', 7') be ITS’s. If X — X'
is an intuitionistic almost =w-open map then f is a
intuitionistic almost B-open map.

Proof Let V be 1-IRO set in X. Since f is a intuitionistic
almost w-open map, f(V) be Irn-open set in X'. Again since
each In-open set is Ip—open set( see [2]), f(V) be a t'-
Ip—open set in X'. Thus f is an intuitionistic almost B-open
map.

Remark 3.1 The converse of the above result is not
necessarily true.

Example 3.6 Let (X,1) and (X', 1) be ITS’s where X=X
={ab}andt= {9 ~, X ~, <X, 0, {a} >,

<X {a}, 0> <X, 9,¢> <X, {a}, {b} > <X, {b}, {a}>},
T ={p ~, X'~, <X, {a}, 0>, <X, ¢, {b} >} on X and X'
respectively. Then Bt' = {p ~, X'~, <X, {a}, ¢ >, < X', o,
{b} > <X, {b}, 9>,

<X, 0,0 > <X, {a}, {b} >, < X, {b}, {a} >} on X". We
consider a map f: X— X' defined by f(a) =

b, f(b) =a. Let V=< X, o, ¢ > is T —IRO set in X, but f(V)
= <X, @, ¢ > is a t'— Ip—open set in X' not a '— In—open set
in X'. Thus f is an intuitionistic almost p-open map but not
an intuitionistic almost w-open map.

Proposition 3.2 1 Let (X,t) and (X, t') be ITS’s. If f: X —
X' is an intuitionistic almost c-open map then f is a
intuitionistic almost f-open map.

Proof Let V be t-IRO set in X. Since f is an intuitionistic
almost c-open map, f(V) be lo-open set in X'. Again since
each ls-open set is IB—open set( see [2]), f(V) be a 7'
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IB—open set in X'. Thus f is an intuitionistic almost B-open
map.

Remark 3.2 The converse of the above result is not
necessarily true.

Example 3.7 Let (X,7) and (X', 1) be ITS’s where X=X
={ablandt={¢p ~, X ~, <X, o, {a} >, <X, {a}, 9>, <X,
¢, 9>, <X, {a}, {b} > < X, {b}, {a}>}, ' = {op ~, X'~,
<X!, {a}, ¢ >, < X', @, {b} >} on X and X' respectively.
Then Bt' = {¢ ~, X'~, <X', {a}, ¢ >, < X/, ¢, {b} >, <X/,
bl o> <X, ¢, 0> <X, {a}, {b} > <X {b}, {a} >} on
X'. We consider a map f: X— X' defined by f(a) = b, f(b) =
a. LetV= <X {b}{a} >ist-IRO setin X, but f (V) =
<X, {a}, {b} >1is a t'- IB—open set in X' not a t'- Io—open
set in X'. Thus f is an intuitionistic almost B-open map but
not an intuitionistic almost c-open map.

Proposition 3.3 Let (X,1) and (X', t') be ITS’s. If X — X'
is an intuitionistic almost a-open map then f is an
intuitionistic almost c-open map.

Proof Let V be 1-IRO set in X. Since f is an intuitionistic
almost a-open map, (V) be la-open set in X'. Again since
each la-open set is lo—open set (see [2]), (V) be a 7'-
Io—open set in X'. Thus f is an intuitionistic almost s-open
map.

Remark 3.3 The converse of the above result is not
necessarily true.

Example 3.8 7 Let (X,1) and (X, ) be ITS’s where X=X'
={ab}and 1= {o ~, X ~, <X, ¢, {a} >, <X, {a}, 0>, <X,
¢, 9>} T ={p~ X~ <X, {a}, 9> <X, ¢, {b} >} on X
and X' respectively. Then ot' = {¢ ~, X'~, <X, {a}, ¢ >, <
X', ¢, {b} >, <X', {b}, 9>, <X, ¢, >} on X'. We consider
a map f: X— X' defined by f(a) = b, f(b) = a. . Let V = < X,
¢, ¢ > is T —IRO set in X, but f(V) = <X', ¢, ¢ > is a 1
Io—open set in X' not a T'— Io—open set in X'. Thus f is an
intuitionistic almost c-open map but not an intuitionistic
almost a-open map.

Proposition 3.4 Let (X,1) and (X', 7)) be ITS’s. If ;X — X'
is an intuitionistic almost a-open map.
then f is an intuitionistic almost 7-open map.

Proof Let V be 1-IRO set in X. Since f is an intuitionistic
almost a-open map , f(V) be la-open set in X'. Again since
each lo-open set is In—open set ( see [2]), f(V) be a 1'-
Im—open set in X'. Thus f is an intuitionistic almost -open
map.

Remark 3.4 The converse of the above result is not
necessarily true.

Example 3.7 Let (X,1) and (X', 1) be ITS’s where X=X'
={ab,c} andt={p ~, X ~, <X, ¢, {a} >, <X, {a}, ¢ >},
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T ={p ~, X'~, < X, {c}, {ab} > < X, {a}, {b.c} >, < X,
{a,c}, {b} > } on X and X' respectively. We consider a map
f: X— X' defined by f(a) = b, f(b) = a and f(c)=c. Let V = <
X, {a}, ¢ >is T-IRO set in X, but f(V) = <X', {b}, ¢ >isa
7'— In—open set in X' not a = Ia—open set in X'.Thus f is an
intuitionistic almost w-open map but not an intuitionistic
almost a-open map.

Proposition 3.5 Let (X,7) and (X', 1) be ITS’s. If f: X — X'
is an intuitionistic almost open map then f is an intuitionistic
almost a-open map.

Proof Let V be t-IRO set in X. Since f is an intuitionistic
almost open map, f(V) be 1-open set in X'. Again since each
I-open set is la—open set( see [2]), f(V) be a T'— Io—open set
in X'. Thus f is an intuitionistic almost a-open map.

Remark 3.5 The converse of the above result is not
necessarily true.

Remark 3.5 From the above discussion and known results
we have the following diagram of implications

v
ﬁl»f{ -openmap

\

1A openmap N T4 (1 -ogenmap

[ [} - 0pen map

L NTAQ -openmap

Figure 3.1 Relations between some generalized forms of
intuitionistic almost open maps.

In this diagram A ” we mean A implies B but not
conversely and “A  &+—-B” means A and B independent of
each other

Definition 3.6 A map f: (X, 1) — (X!, T) is an intuitionistic
c-open map if the image f(A) is intuitionistic s-open in X',
for every intuitionistic open set A in X.

Definition 3.7 A map f: (X, 1) — (X, t') is an intuitionistic
n-open map if the image f(A) is intuitionistic m-open in X',
for every intuitionistic open set A in X.

Definition 3.8 A map f: (X, 1) — (X, t') is an intuitionistic
B-open map if the image f(A) is intuitionistic p-open in X',
for every intuitionistic open set A in X.

Definition 3.9 If a map f: (X, 1) —» (X, © ') is an
intuitionistic Almost open and g: (X', ') —
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(X't ') is intuitionistic a-open map then gof:

(X, 1) —=(X", ") is an intuitionistic Almost a-open map.
Proof Let A be any regular open set in (X, 1).

Since f is an intuitionistic Almost open map, f(A)

is intuitionistic open set in (X', t'). Since g is intuitionistic
a-open map, g(f(A)) is intuitionistic

a-open set in (X'', © '"). That is gof(A) = g(f(A) is
intuitionistic Almost a-open and hence gof is intuitionistic
Almost a-open map.

Definition 3.10 If a map f: (X, 1) — (X', t') is intuitionistic
Almost open and g: (X', t') —

(X"t ') is intuitionistic c-open map then gof:

(X, 1) — (X', 'Y is an intuitionistic Almost o-

open map.

Proof Let A be any regular open set in (X, 1).

Since f is an intuitionistic Almost open map, f(A) is
intuitionistic open set in (X', t'). Since g is intuitionistic c-
open map, g(f(A)) is intuitionistic

c-open set in (X'', t '"). That is gof(A) = g(f(A) is
intuitionistic Almost c-open and hence gof is intuitionistic
Almost c-open map.

Definition 3.11 If a map f: (X, 1) — (X', ') is intuitionistic
Almost open and g: (X', t') —

(X'", ' is intuitionistic T-open map then gof:

(X, 1) = (X', © ") is an intuitionistic Almost 7-

open map.

Proof Let A be any regular open set in (X, 1).

Since f is an intuitionistic Almost open map, f(A) is
intuitionistic open set in (X', ©"). Since g is intuitionistic 7~
open map, g(f(A)) is intuitionistic

m-open set in (X'', © '"). That is gof(A) = g(f(A) is
intuitionistic Almost m-open and hence gof is intuitionistic
Almost m-open map.

Definition 3.12 If a map f: (X, ©) — (X', ©') is intuitionistic
Almost open and g: (X', t") —

(X', ©'") is intuitionistic B-open map then gof:

(X, 1) — (X', T '") is an intuitionistic Almost

[3-open map.

Proof Let A be any regular open set in (X, 1).

Since f is an intuitionistic Almost open map, f(A) is
intuitionistic open set in (X', ©'). Since g is intuitionistic -
open map, g(f(A)) is intuitionistic B-open set in (X'', t '").
That is gof(A) = g(f(A) is intuitionistic Almost p-open and
hence gof is intuitionistic Almost B-open map.

IV. CONCLUSION

We conclude that the intuitionistic almost open maps,
intuitionistic almost a-open maps, intuitionistic almost o-
open maps, intuitionistic almost m-open maps and
intuitionistic almost p-open maps have relationship between
them.
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