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INTUITIONISTIC WEAKLY SEMI OPEN FUNCTIONS

S. GIRIJA1 AND GNANAMBAL ILANGO

ABSTRACT. The aim of this paper is to explore some characteristics of intuition-
istic weakly semi open functions. The properties proved will lead to analyze the
relations among intuitionistic weakly semi open function and other intuitionis-
tic functions.

1. INTRODUCTION

Coker [1,2] introduced intuitionistic set and intuitionistic points in intuitionis-
tic topological spaces. Open functions and continuity concepts are the prime tool
in mathematics. Various weak forms of functions have been introduced [4,7] in
intuitionistic topological spaces. Since then many other authors [1,4–7] investi-
gated and studied different forms of intuitionistic topological spaces. The major
role of this paper is to reveal the properties of intuitionistic weakly semi open
functions and to obtain new decomposition in intuitionistic semi open functions.

2. PRELIMINARIES

Definition 2.1. [3] Let X1 be a nonempty set. An intuitionistic set (IS for short)
M is an object having the form M =< X1,M1,M2 >, where M1 and M2 are subsets
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of X1 satisfying M1 ∩ M2 = ∅. The set M1 is called the set of members of M, while M2 

is called the set of non-members of M.

Definition 2.2. [3] An intuitionistic topology (IT for short) on a nonempty set
X1 is a family λ of IS’s in X1 satisfying the following axioms:

(a) ∅
∼
, X1

∼
∈ λ

(b) G1 ∩G2 ∈ λ for any G1, G2 ∈ λ
(c) ∪Gi ∈ λ for any arbitrary family {Gi : i ∈ J} ⊆ λ.

In this case, the pair (X1, λ) is called an intuitionistic topological space (ITS for
short) and any intuitionistic set in λ is known as an intuitionistic open set (IOS
for short) in X1.

Definition 2.3. [3] Let X1, Y1 be two non-empty sets and h : (X1, λ)→ (Y1, µ) be
function.

(a) If N =< X1, N1, N2 > is an intuitionistic set in (Y1, µ), then the preimage
of N under h, denoted by h−1(N), is the intuitionistic set in (X1, λ) defined
by h−1(N) =< X1, h

−1(N1), h
−1(N2) >.

(b) (b) IfM =< X1,M1,M2 > is an intuitionistic set in (X1, λ), then the image
of M under h, denoted by h(M), is the intuitionistic set in (Y1, µ) defined
by h(M) = Y1, h(M1), h−(M2) >, where h−(M2) = (h((M2)

c))c.

Definition 2.4. [3] Let (X1, λ) and (Y1, µ) be two ITS’s and let h : (X1, λ) →
(Y1, µ) be a function. The function

(i) h is said to be intuitionistic continuous iff the preimage of each IS in µ is
an IS in λ.

(ii) h is said to be intuitionistic open iff the image of each IS in λ is an IS in µ.
(iii) is said to be intuitionistic semi continuous, if the inverse image of every

intuitionistic open set of (Y1, µ) is intuitionistic semi open in (X1, λ).

Definition 2.5. [4] An intuitionistic function h : (X1, λ) → (Y1, µ) is defined
as intuitionistic weakly open (Iwo shortly) if h(M) ⊆ Iint(h(Icl(M))) for each
intuitionistic open set M of X1.
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3. INTUITIONISTIC WEAKLY SEMI OPEN FUNCTION

Definition 3.1. An intuitionistic function h : (X1, λ) → (Y1, µ) is defined as in-
tuitionistic weakly semi open (Iwso shortly) if h(M) ⊆ Isint(h(Icl(M))) for each
intuitionistic open set M of X1.

Remark 3.1. Every intuitionistic semi open function is intuitionistic weakly semi
open but the converse need not be true.

Proof. : Let h : (X1, λ) → (Y1, µ) be an intuitionistic semi open function. Let
M be an intuitionistic open set in (X1, λ),M = Iint(M). Since h is an in-
tuitionistic semi open function, h(M) ⊂ Isint(h(M)). But for any set M ⊂
Icl(M) ⇒ h(M) ⊂ h(Icl(M)). Hence h(M) ⊂ Isint(h(Icl(M))), h is an intu-
itionistic weakly semi open function. �

Example 1. Let X1 = {a1, b1, c1}, with intuitionistic topology λ = {∅
∼
, < X1, {a1},

{b1} >, < X1, ∅, {a1} >,< X1, ∅, {a1, b1} >,< X1, {a1}, ∅ >, < X1, {c1}, {a1, b1} >
,< X1, {a1, c1}, ∅ >,< X1, {a1, c1}, {b1} >,< X1, {c1}, {a1} >,X1

∼
} and

Y1 = {3, 4, 5}, with intuitionistic topology µ = {∅
∼
, < Y1, {3, 4}, {5} >,< Y1, ∅, {5} >

,< Y1, ∅, {4, 5} >,< Y1, {5}, ∅ >, Y1
∼
}. Define h : (X1, λ) → (Y1, µ) by

h(a1) = 5, h(c1) = 3 and h(b1) = 4. Then h be intuitionistic weakly semi open with
G =< X1, {c1}, {a1} >, but h(G) =< Y1, {3}, {5} > is not an intuitionistic semi
open set in (Y1, µ).

Theorem 3.1. For an intuitionistic function h : (X1, λ) → (Y1, µ) the following
statements are equivalent.

(i) h is intuitionistic weakly semi open.
(ii) For each x ∈ X1 and each intuitionistic open set M of (X1, λ) containing

x
∼
, there exists an intuitionistic semi open set K containing h(x

∼
) such that

K ⊂ h(Icl(M)).

Proof.

(i)→ (ii) Let x ∈ X1 and M be an intuitionistic open set in (X1, λ) with x
∼
∈ M .

Since h is intuitionistic weakly semi open, h(x
∼
) ∈ h(M) ⊂ Isint(h(Icl(M))).

Let K = Isint(h(Icl(M))) ⊂ h(Icl(M))).
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(ii)→ (i) Let M be an intuitionistic open set in X1 and let y
∼
∈ h(M). From (ii),

K ⊂ h(Icl(M)) for some intuitionistic semi open set in (Y1, µ) con-
taining y

∼
. Hence, y

∼
∈ K ⊂ Isint(h(Icl(M))). This implies h(M) ⊂

Isint(h(Icl(M))) and thus h is an intuitionistic weakly semi open func-
tion.

�

Theorem 3.2. Let h : (X1, λ) → (Y1, µ) be an intuitionistic bijective function.
Then the the following statements are equivalent.

(i) h is intuitionistic weakly semi open.
(ii) Iscl(h(Iint(K) ⊂ h(K) for each K, intuitionistic closed set in X1.

(iii) Iscl(h(M)) ⊂ h(Icl(M)) for each M, intuitionistic open in X1.

Proof.

(i)→ (ii) Let K be intuitionistic closed set in X1. Then h(X1
∼
−K) = Y1

∼
− h(K) ⊂

Isint(h(Icl(X1
∼
−K))) which implies Y1

∼
−h(K) ⊂ Y1

∼
− Iscl(h(Iint(K))).

Hence Iscl(h(Iint(K))) ⊂ h(K).
(ii)→ (iii) Let M be an intuitionistic open set in X1. Since every open set is intu-

itionistic semi open set, that isM ⊂ Icl(Iint(M)), h(M ⊂ h(Icl(Iint(M))),
h(M ⊂ h(Icl(M)), sinceM = Iint(M). But Iscl(h(M)) ⊂ (h(Icl(Icl(M))) ⊂
h(Icl(M)).

(iii)→ (i) Let M be an intuitionistic open set in X1. Then h(X1−M) = Y1−h(M),
Iscl(h(M)) ⊂ h(Icl(M)). Therefore Iscl(h(X1−M) ⊂ h(Icl(X1−M))⇒
Y1 − Isint(h(Icl(M))) ⊂ Y1 − h(Iint(M)) ⇒ Y1 − Isint(h(Icl(M))) ⊂
Y1 − h(Iint(M)). Hence h(M) ⊂ Isint(h(Icl(M)).

�

Theorem 3.3. If h : (X1, λ) → (Y1, µ) is intuitionistic weakly semi open and
intuitionistic strongly continuous, then h is intuitionistic semi open.

Proof. Let M be an intuitionistic open set of X1. Since h is intuitionistic weakly
semi open, h(M) ⊂ Isint(h(Icl(M))) and h is intuitionistic strongly continuous
h(M) ⊂ Isint(h(M)), thus h(M) is intuitionistic semi open. �

Remark 3.2. An intuitionistic semi open function need not be intuitionistic strongly
continuous.
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Example 2. Let X1 = {6, 7} = Y1, with intuitionistic topology

λ = {∅
∼
, < X1, {6}, {7} >,< X1, ∅, {6} >,< X1, {6}, ∅, >,X1

∼
}

and
µ = {∅

∼
, < Y1, ∅, {6} >,< Y1, ∅, {7} >,< Y1, ∅, ∅ >, Y1

∼
}.

Define h : (X1, λ) → (Y1, µ) by h(6) = 6 and h(7) = 7. Then h be intuitionistic
semi open but not intuitionistic strongly continuous since

G =< X1, {6}, {7} >, h(Icl(G)) = h(< X1, {6}, ∅, >) =< Y1, {6}, ∅, >* h(G).

Definition 3.2. [4] An intuitionistic function h : (X1, λ) → (Y1, µ) is said to be
an intuitionistic contra open (respectively intuitionistic contra closed) if h(M) is
intuitionistic closed (respectively intuitionistic open) in Y1 for each intuitionistic
open (respectively intuitionistic closed) set M of X1.

Theorem 3.4.

(i) If h : (X1, λ)→ (Y1, µ) is intuitionistic contra closed, then h is intuitionistic
weakly semi open function.

(ii) If h : (X1, λ) → (Y1, µ) is intuitionistic preopen and intuitionistic contra
open, then h is intuitionistic weakly semi open.

Proof.

(i) LetM be an intuitionistic open set of (X1, λ). Then, h(M) ⊂ h(Icl(M))) =

Isint(h(Icl(M))). Hence h is intuitionistic weakly semi open.
(ii) Let M be an intuitionistic open set of (X1, λ). h is intuitionistic pre-

open, h(M) ⊂ Iint(Icl(h(M))) and also h is intuitionistic contra open
implies h(M) is intuitionistic closed. Hence h(M) ⊂ Iint(Icl(h(M))) =

Iint(h(M)) ⊂ Iint(h(Icl(M))) ⊂ Isint(h(Icl(M))).

�

Remark 3.3. The converse of the above Theorem 3.4 need not hold.

Example 3. LetX1 = {u1, v1} with intuitionistic topology

λ = {∅
∼
, < X1, {v1}, ∅ >,< X1, {v1}, {u1} >,X1

∼
, }

and Y1 = {3, 4} with intuitionistic topology

µ = {Y1
∼
, ∅
∼
, < Y1, {3}, ∅ >,< Y1, {3}, {4} >}.
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Define h(u1) = 4 and h(v1) = 3. Since M =< X1, {v1}, {u1} > is an intuitionistic
weakly semi open set in (X1, λ) but
Isint(h(Icl(M))) = Y1

∼
*< Y1, {3}, {4} >. Then h is an intuitionistic weakly

semi open mapping but not an intuitionistic contra closed mapping.

Definition 3.3. An intuitionistic function h : (X1, λ) → (Y1, µ) is said to be intu-
itionistic almost open if h(M) ⊂ Iint(Icl(h(M))) for every intuitionistic regular
open set M of (X,λ).

Theorem 3.5. If h : (X1, λ) → (Y1, µ) is an intuitionistic almost open function
then it is an intuitinistic weakly semi open function.

Proof. : Let M be an intuitinistic open set in (X1, λ). If h is intuitionistic al-
most open and Iint(Icl(M)) is intuitionistic regular open, h(Iint(Icl(M))) is
intuitionistic open in Y then h(M) ⊂ h(Iint(Icl(M)) ⊂ Iint(h(Icl(M))) ⊂
Isint(h(Icl(M))) which proves that h is intuitionistic weakly semi open. �

Remark 3.4. The converse of the above Theorem 3.5 need not be true.

Example 4. LetX1 = {r1, s1} = Y1 with intuitionistic topologies λ = {X1
∼
, ∅
∼
,

< X1, {s1}, ∅ >,< X1, {s1}, {r1} >} and µ = {Y1
∼
, ∅
∼
, < Y1, {r1}, ∅ >,

< Y1, {r1}, {s1} >,< Y1, ∅, {r1} >} respectively. Define h : (X1, λ) → (Y1, µ)

as h(r1) = r1, h(s1) = s1. Then h is an intuitionistic weakly semi open function but
not an intuitionistic almost open, since Iint(h(Icl(< X1, {r1}, {s1} >))) = ∅

∼
.

Definition 3.4. Let (X1, λ) be an intuitionistic regular space if for each pair con-
sisting of an intuitionistic point x

∼
and an intuitionistic closed set K disjoint from x

∼
,

there exists disjoint intuitionistic open sets containing x
∼

and K respectively.

Theorem 3.6. Let X1 be an intuitionistic regular space. Then h : (X1, λ)→ (Y1, µ)

is intuitionistic weakly semi open if and only if h is intuitionistic semi open.

Proof. : Necessity. Let M be nonempty intuitionistic open set of X1. For each x
∼
∈

M , let Kp be an intuitionistic open set such that x
∼
∈ Kp ⊂ Icl(Kp) ⊂ M. Hence

M = ∪{Kp : x
∼
∈ M} = ∪{Icl(Kp) : x∼

∈ M} and h(M) = ∪{h(Kp) : x∼
∈ M} ⊂

∪{Isint(h(Icl(Kp))) : x∼
∈ M} ⊂ Isint(h(∪{Icl(Kp) : x∼

∈ M})) = Isint(h(M)).

Thus h is intuitionistic semi open.
The converse part is obvious. �
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Definition 3.5. An intuitionistic function h : (X1, λ) → (Y1, µ) is called intui-
tinistic complementary weakly semi open if for each intuitionistic open set M of
(X1, λ), h(IFr(M)) is intuitionistic semi closed in (Y1, µ), where IFr(M) denotes
intuitionistic frontier of M.

Remark 3.5. The intuitionistic weakly semi open and complementary intuitionistic
weakly semi open are independent of each other.

Example 5. An intuitionistic weakly semi open function need not be an comple-
mentary intuitionistic weakly semi open. Let X1 = {a, b} with intuitionistic topol-
ogy λ = {∅

∼
, A1, A2, A3, X1

∼
} where A1 =< X1,{a}, {b} >,A2 =< X1, ∅, {a} >

,A3 =< X1,{a}, ∅ >. Let Y1 = {7, 8} with intuitionistic topology
µ = {∅

∼
, B1, B2, B3, Y1

∼
} where B1 =< Y1,∅, {7} >,B2 =< Y1,∅, {8} >,

B3 =< Y1, ∅, ∅ > . Then the map h : (X1, λ) → (Y1, µ) be given by h(a) = 7and
h(b) = 8. The map h is intuitionistic weakly semi open, but not a complementary
intuitionistic weakly semi open, because Fr(< X1, ∅, {a} >) =< X1, ∅, {a} > ∩ <
X1,{a}, ∅ >=< X1, ∅, {a} >, h(< X1, ∅, {a} >) =< Y1,∅, {7} > which is not an
intuitionistic semi closed set in (Y, µ).

Example 6. Let X1 = {p1, q1, r1}, with intuitionistic topology
λ = {∅

∼
, < X1, {p1}, {q1} >,< X1, ∅, {p1} >,< X1, ∅, {p1, q1} >,< X1, {p1}, ∅ >

,< X1, {r1}, {p1, q1} >,< X1, {p1, r1}, ∅ >,< X1, {p1, r1}, {q1} >,

< X1, {r1}, {p1} >,X1
∼
} and let Y1 = {l,m}with intuitionistic topology

µ = {∅
∼
, < Y1, {m}, ∅ >,< Y1, {m}, {l} >, Y1

∼
}. Define the mapping h : (X1, λ) →

(Y1, µ) as h(p1) = m,h(q1) = l and h(r1) = m. Let Fr(< X1, {p1}, {q1} >=<
X1, ∅, {p1} >, then h(< X1, ∅, {p1} >) =< Y1, ∅, {m} >, which is intuitionistic
semi closed in (Y, µ). Hence every complementary intuitionistic weakly semi open
function but it is not intuitionistic weakly semi open.

Lemma 3.1. [2] If h : (X1, λ) → (Y1, µ) is an intuitionistic continuous function,
then for any intuitionisitc set M of X, h(Icl(M)) ⊂ Icl(h(M)).

Theorem 3.7. If h : (X1, λ) → (Y1, µ) is an intuitionistic weakly semi open and
intuitionistic continuous function then h is an intuitionistic β open function.

Proof. Let M be an intuitionistic open set in (X1, λ). Being intuitionistic weak
semi openness of h, h(M) ⊂ Isint(h(Icl(M))). Since h is intuitionistic continu-
ous, h(Icl(M)) ⊂ Icl(h(M)).Hence h(M) ⊂ Isint(h(Icl(M))) ⊂ Isint(Icl(h(M)))
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⊂ Icl(Iint(Icl(h(M)))). Thus h(M) ⊂ Icl(Iint(Icl(h(M)))) which implies that
h(M) is an intuitionistic β open set in (Y1, µ). Thus h is an intuitionistic β open
function. �

Corollary 3.1. If h : (X1, λ) → (Y1, µ) is an intuitionistic weakly semi open and
intuitionistic strongly continuous function, then h is an intuitionistic β open func-
tion.

Proof. Let M be an intuitionistic open set in (X1, λ). By intuitionistic weak
semi openness of h, h(M) ⊂ Isint(h(Icl(M))). Also h is intuitionistic strongly
continuous, h(Icl(M)) ⊂ Icl(h(M)). Therefore h(M) ⊂ Isint(h(Icl(M))) ⊂
Isint(Icl(h(M))) ⊂ Icl(Iint(Icl(h(M)))). Hence h(M) ⊂ Icl(Iint(Icl(h(M)))),
h(M) is an intuitionistic β open set in (Y1, µ). Thus h is an intuitionistic β open
function. �

Definition 3.6. An intuitionistic function h : (X1, λ) → (Y1, µ) is defined as intu-
itionistic somewhat continuous if for each intuitionistic open set K of (Y1, µ) with
h−1(K) 6= ∅

∼
, there exists an IO set M of (X1, λ) such that ∅

∼
6=M ⊂ h−1(K).

Theorem 3.8. If h : (X1, λ) → (Y1, µ) is intuitionistic weakly open and intuition-
istic somewhat continuous injection, then it is intuitionistic semi irresolute.

Proof. Let K ∈ ISO(Y1, µ) and x
∼
∈ h−1(K). Let y

∼
= h(x

∼
) and let G be any

intuitionistic open neighbourhood of x
∼
. Since h is intuitionistic weakly open, y

∼
∈

h(G)∩K ⊆ Iint(h(Icl(G)))∩K ∈ ISO(Y1, µ). There exists an intuitionistic open
set M such that ∅

∼
6= M ⊂ Iint(h(Icl(G))) ∩ K. But h is somewhat continuous

and h−1(M) 6= ∅
∼
, there exists an intuitionistic open set N of (X1, λ) such that

∅
∼
6= N ⊂ h−1(M). Hence N ⊂ Icl(G) ∩ h−1(K) and N ⊂ Icl(G) ∩ Iint(h−1(K)),

h is injective. Thus ∅
∼
6= Icl(G)∩∩Iint(h−1(K)) and ∅

∼
6= G∩ Iint(h−1(K)). This

implies x
∼
∈ Icl(Iint(h−1(K))) and h−1(K) ∈ ISO(X1, λ). �

Definition 3.7. A function h : (X1, λ) → (Y1, µ) is called an intuitionistic weakly
semi closed if Iscl(h(Iint(K))) ⊂ h(K) for each closed set K in (X1, λ).

Theorem 3.9. For a function h : (X1, λ) → (Y1, µ) the following conditions are
equivalent.

(i) h is intuitionistic weakly semi closed.
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(ii) Iscl(h(M)) ⊂ h(Icl(M)) for every intuitionistic open set M of (X1, λ).

Proof.

(i)⇒ (ii) Let M be any intuitinistic open set of (X1, λ). Then Iscl(h(M)) =

Iscl(h(Iint(M))) ⊂ Iscl(h(Iint(Icl(M)))) ⊂ h(Icl(M)).
(ii)⇒ (i) LetK be any intuitionistic closed set of (X1, λ). Then Iscl(h(Iint(K))) ⊂

h(Icl(Iint(K))) ⊂ h(Icl(K)) = h(K).

�

Corollary 3.2. If h is intuitionsitic pre semi closed function then Iscl(h(M)) ⊂
h(Iscl(M)) for every intuitionistic set M of (X1, λ). Thus every intuitionistic pre
semi closed function is intuitionistic weakly semi closed.

Theorem 3.10. If h : (X1, λ) → (Y1, µ) is one to one and intuitionistic weakly
semiclosed, then for every intuitionistic set K of (Y1, µ) and every intuitionistic
open set M in (X1, λ) with h−1(K) ⊂ M , there exists an intuitionistic semi closed
set G in (Y1, µ) such that K ⊂ G and h−1(K) ⊂ Icl(M).

Proof. Let K be an intuitionistic set of (Y1, µ) and let M be an intuitionistic open
set of (X1, λ) with h−1(K) ⊂ M . Let G = Iscl(h(Iint(Icl(M)))), then G is
intuitionistic semi closed set of (Y1, µ) such that K ⊂ G. But K ⊂ h(M) ⊂
h(Iint(Icl(M))) ⊂ Iscl(h(Iint(Icl(M)))) = G. �

Corollary 3.3. If h : (X1, λ)→ (Y1, µ) is one to one and intuitionistic weakly semi
closed, then for every intuitionistic point x

∼
∈ (Y1, µ) and every intuitionsitc open

set M in (X1, λ) with h−1(x
∼
) ⊂ M , then there exists an intuitionistic semi closed

set G ∈ (Y1, µ) containting x
∼

such that h−1(G) ⊂ Icl(M).
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