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Abstract

In this paper, we introduce the concept of fuzzy (r, s)-semi-irresolute mappings on intuitionistic fuzzy topological spaces

in Sostak’s sense, which is a generalization of the concept of fuzzy semi-irresolute mappings introduced by S. Malakar.

The characterizations for the fuzzy (r, s)-semi-irresolute mappings are obtained by terms of semi-interior, semi-θ-interior,

semi-clopen, and regular semi-open.

fuzzy (r, s)-semi-cluster point, fuzzy (r, s)-semi-irresolute.

1. Introduction and Preliminaries

The concept of fuzzy set was introduced by Zadeh [1].

Chang [2] defined fuzzy topological spaces. These spaces

and its generalizations are later studied by several authors,

one of which, developed by Šostak [3], used the idea of

degree of openness. This type of generalization of fuzzy

topological spaces was later rephrased by Chattopadhyay

and his colleagues [4], and by Ramadan [5].

As a generalization of fuzzy sets, the concept of intu-

itionistic fuzzy sets was introduced by Atanassov [6]. Re-

cently, Çoker and his colleagues [7, 8] introduced intu-

itionistic fuzzy topological spaces using intuitionistic fuzzy

sets. Using the idea of degree of openness and degree of

nonopenness, Çoker and Demirci [9] defined intuitionistic

fuzzy topological spaces in Šostak’s sense as a generaliza-

tion of smooth topological spaces and intuitionistic fuzzy

topological spaces. S. Malakar [10] introduced the concept

of fuzzy semi-irresolute mappings, and Seong Hoon Cho

and Jae Keun Park [11] established some other properties

of fuzzy semi-irresolute mappings on Chang’s fuzzy topo-

logical spaces.

In this paper, we introduce the concept of fuzzy (r, s)-
semi-irresolute mappings on intuitionistic fuzzy topolog-

ical spaces in Šostak’s sense. The characterizations for

the fuzzy (r, s)-semi-irresolute mappings are obtained by

terms of semi-interior, semi-θ-interior, semi-clopen, and

regular semi-open.

Definition 1.1. ([9]) Let X be a nonempty set. An intu-
itionistic fuzzy topology in Šostak’s sense(SoIFT for short)
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T = (T1, T2) on X is a mapping T : I(X) → I ⊗ I which

satisfies the following properties:

(1) T1(0) = T1(1) = 1 and T2(0) = T2(1) = 0.

(2) T1(A∩B) ≥ T1(A)∧T1(B) and T2(A∩B) ≤ T2(A)∨
T2(B).

(3) T1(
⋃
Ai) ≥

∧ T1(Ai) and T2(
⋃
Ai) ≤

∨ T2(Ai).

Then (X, T ) = (X, T1, T2) is said to be an intuitionis-
tic fuzzy topological space in Šostak’s sense(SoIFTS for

short). Also, we call T1(A) a gradation of openness of A
and T2(A) a gradation of nonopenness of A.

Theorem 1.2. ([12]) (1) The fuzzy (r, s)-closure of a

fuzzy (r, s)-open set is fuzzy (r, s)-regular closed for each

(r, s) ∈ I ⊗ I .

(2) The fuzzy (r, s)-interior of a fuzzy (r, s)-closed set is

fuzzy (r, s)-regular open for each (r, s) ∈ I ⊗ I .

Definition 1.3. ([12]) Let f : (X, T1, T2) → (Y,U1,U2) be

a mapping from a SoIFTS X to a SoIFTS Y and (r, s) ∈
I ⊗ I . Then f is called a fuzzy (r, s)-irresolute mapping if

f−1(B) is a fuzzy (r, s)-semiopen set in X for each fuzzy

(r, s)-semiopen set B in Y .

Definition 1.4. ([10]) A function f : X → Y is said to

be fuzzy semi-irresolute iff for any fuzzy singleton xα in X
and for any fuzzy semi-open set V in Y containing f(xα),
there exists a fuzzy semi-open set U in X containing xα

such that f(U) ≤ scl(V ).

For the nonstandard definitions and notations we refer to

[13, 14, 15, 12, 16].
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2. Fuzzy (r, s)-semi-irresolute Mappings

Now, we define the notion of fuzzy (r, s)-semi-irresolute

mappings on intuitionistic fuzzy topological spaces in

Šostak’s sense, and investigate some of their characteristic

properties.

Definition 2.1. Let A and B be intuitionistic fuzzy sets in

a SoIFTS (X, T ) and (r, s) ∈ I ⊗ I . Then

(1) B is called a fuzzy (r, s)-quasi-neighborhood of A
if there is a fuzzy (r, s)-open set C in X such that

AqC ⊆ B.

(2) A is said to be a fuzzy (r, s)-quasi-semineighborhood
of x(α,β) if there is a fuzzy (r, s)-semiopen set B in

X such that x(α,β)qB ⊆ A. The family of all fuzzy

(r, s)-semiopen quasi-semineighborhoods of x(α,β)

will be denoted by N
q
s (x(α,β)).

(3) x(α,β) is said to be a fuzzy (r, s)-semi-cluster point of

A if for each B ∈ N
q
s (x(α,β)), BqA.

(4) x(α,β) is said to be a fuzzy (r, s)-semi-θ-cluster point

of A if for each B ∈ N
q
s (x(α,β)), scl(B, r, s)qA.

(5) The fuzzy (r, s)-semi-θ-closure of A, denoted by

sclθ(A, r, s), is the union of all fuzzy (r, s)-semi-θ-

cluster points of A.

(6) A is called a fuzzy (r, s)-semi-θ-closed set if A =
sclθ(A, r, s).

(7) A set is called fuzzy (r, s)-semi-θ-open if it is the com-

plement of a fuzzy (r, s)-semi-θ-closed set.

Theorem 2.2. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then scl(A, r, s) is

the union of all fuzzy (r, s)-semi-cluster points of A.

Proof. Let SCP(A, r, s) is the union of all fuzzy (r, s)-
semi-cluster points of A. Suppose that there is an in-

tuitionistic fuzzy point x(α,β) in X such that x(α,β) ∈
scl(A, r, s) and x(α,β) /∈ SCP(A, r, s). Then there is a

B ∈ N
q
s (x(α,β)) such that Bq̃A. Then there exists a fuzzy

(r, s)-semiopen set C in X such that x(α,β)qC ⊆ B. Since

C ⊆ B, we have Cq̃A, and hence A ⊆ Cc. Since Cc is

fuzzy (r, s)-semiclosed, we obtain scl(A, r, s) ⊆ Cc. As

x(α,β) /∈ Cc, we obtain x(α,β) /∈ scl(A, r, s), which is a

contradiction. Hence scl(A, r, s) ⊆ SCP(A, r, s).
Conversely, assume that x(α,β) /∈ scl(A, r, s). Then

there is a fuzzy (r, s)-semiclosed set B such that A ⊆ B
and x(α,β) /∈ B. Then x(α,β)qB

c, Bc is fuzzy (r, s)-
semiopen, and Bcq̃A. Thus x(α,β) /∈ SCP(A, r, s). Hence

SCP(A, r, s) ⊆ scl(A, r, s).

By the above theorem, we see that scl(A, r, s) ⊆
sclθ(A, r, s) for any intuitionistic fuzzy set A in X .

Definition 2.3. Let f : (X, T1, T2) → (Y,U1,U2) be a

mapping from a SoIFTS X to a SoIFTS Y and (r, s) ∈
I⊗I . Then f is said to be fuzzy (r, s)-semi-irresolute if for

each intuitionistic fuzzy point x(α,β) in X and each fuzzy

(r, s)-semiopen set B in Y with f(x(α,β)) ∈ B, there is a

fuzzy (r, s)-semiopen set A in X such that x(α,β) ∈ A and

f(A) ⊆ scl(B, r, s).

Remark 2.4. It is clear that every fuzzy (r, s)-irresolute

mapping is fuzzy (r, s)-semi-irresolute. But the following

example shows that the converse need not be true.

Example 2.5. Let X = {x} and let A1 and A2 be intu-

itionistic fuzzy sets in X defined as

A1(x) = (0.7, 0.2), A2(x) = (0.6, 0.3).

Define T : I(X) → I ⊗ I and U : I(X) → I ⊗ I by

T (A) = (T1(A), T2(A)) =

⎧⎨
⎩

(1, 0) if A = 0, 1,
( 12 ,

1
3 ) if A = A1,

(0, 1) otherwise;

and

U(A) = (U1(A),U2(A)) =

⎧⎨
⎩

(1, 0) if A = 0, 1,
( 12 ,

1
3 ) if A = A2,

(0, 1) otherwise.

Then clearly T and U are SoIFTs on X . Consider a

mapping f : (X, T ) → (X,U) defined by f(x) = x.

Then A2 is a fuzzy ( 12 ,
1
3 )-semiopen set in (X,U). Note

scl(B, 1
2 ,

1
3 ) = 1 in (X,U). Thus f is a fuzzy ( 12 ,

1
3 )-semi-

irresolute mapping. But f is not fuzzy ( 12 ,
1
3 )-irresolute,

because f−1(A2) = A2 is not a fuzzy ( 12 ,
1
3 )-semiopen set

in (X, T ).

Lemma 2.6. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then for any fuzzy

(r, s)-semiopen set A in X , scl(A, r, s) = sclθ(A, r, s).

Proof. Clearly scl(A, r, s) ⊆ sclθ(A, r, s). Let x(α,β) /∈
scl(A, r, s). Then there is a B ∈ N

q
s (x(α,β)) such that

Bq̃A. This means B ⊆ Ac, and hence scl(B, r, s) ⊆
scl(Ac, r, s) = Ac. Thus scl(B, r, s)q̃A, and so x(α,β) /∈
sclθ(A, r, s). Hence sclθ(A, r, s) ⊆ scl(A, r, s).

Corollary 2.7. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . If A is fuzzy (r, s)-
semi-clopen in X , then A is a fuzzy (r, s)-semi-θ-closed

set.

Proof. By Lemma 2.6, we have A = scl(A, r, s) =
sclθ(A, r, s). Thus A is fuzzy (r, s)-semi-θ-closed.

Lemma 2.8. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I⊗ I . If B is fuzzy (r, s)-
semiopen in X such that Aq̃B, then scl(A, r, s)q̃B.



Proof. Since Aq̃B, we have A ⊆ Bc, and hence

scl(A, r, s) ⊆ scl(Bc, r, s) = Bc. Thus scl(A, r, s)q̃B.

Lemma 2.9. Let f : X → Y be a mapping and

A and B intuitionistic fuzzy sets in Y . If Aq̃B, then

f−1(A)q̃f−1(B).

Proof. Suppose that f−1(A)qf−1(B). Then there is an

x ∈ X such that μA(f(x)) > γB(f(x)) or γA(f(x)) <
μB(f(x)). Thus AqB, which is a contradiction.

Theorem 2.10. Let f : (X, T1, T2) → (Y,U1,U2) be a

mapping from a SoIFTS X to a SoIFTS Y and (r, s) ∈
I ⊗ I . Then the following statements are equivalent:

(1) f is fuzzy (r, s)-semi-irresolute.

(2) For each fuzzy (r, s)-semiopen set B in Y ,

f−1(B) ⊆ sint(f−1(scl(B, r, s)), r, s).

(3) For each fuzzy (r, s)-semiopen set B in Y ,

scl(f−1(B), r, s) ⊆ f−1(scl(B, r, s)).

Proof. (1) ⇒ (2) Let B be a fuzzy (r, s)-semiopen

set in Y and x(α,β) ∈ f−1(B). Then f(x(α,β)) ∈
B. Since f is fuzzy (r, s)-semi-irresolute, there is a

fuzzy (r, s)-semiopen set A in X such that x(α,β) ∈
A and f(A) ⊆ scl(B, r, s). Thus x(α,β) ∈ A ⊆
sint(f−1(scl(B, r, s)), r, s). Hence we have

f−1(B) =
⋃

{x(α,β) | x(α,β) ∈ f−1(B)}
⊆ sint(f−1(scl(B, r, s)), r, s).

(2) ⇒ (3) Let B be a fuzzy (r, s)-semiopen set in Y . If

x(α,β) /∈ f−1(scl(B, r, s)), then f(x(α,β)) /∈ scl(B, r, s).

Hence there is a C ∈ N
q
s (f(x(α,β))) such that Cq̃B.

By Lemma 2.8, we obtain scl(C, r, s)q̃B. Since C ∈
N

q
s (f(x(α,β))), we have x(α,β)qf

−1(C). By (2), we ob-

tain f−1(C) ⊆ sint(f−1(scl(C, r, s)), r, s), and hence

x(α,β)qsint(f−1(scl(C, r, s)), r, s).

Since scl(C, r, s)q̃B, by Lemma 2.9, we have

f−1(scl(C, r, s))q̃f−1(B), and so

sint(f−1(scl(C, r, s)), r, s)q̃f−1(B).

Thus x(α,β) /∈ scl(f−1(B), r, s). Therefore

scl(f−1(B), r, s) ⊆ f−1(scl(B, r, s)).

(3) ⇒ (1) Let x(α,β) be an intuitionistic fuzzy point in X
and B a fuzzy (r, s)-semiopen set in Y with f(x(α,β)) ∈
B. Then x(α,β) ∈ f−1(B), and hence x(α,β)q̃f

−1(Bc) =

f−1(scl(Bc, r, s)). By (3), we obtain

scl(f−1(sint(Bc, r, s)), r, s)

⊆ f−1(scl(sint(Bc, r, s), r, s))

⊆ f−1(scl(Bc, r, s)).

Hence x(α,β)q̃scl(f−1(sint(Bc, r, s)), r, s), and thus

x(α,β) ∈ scl(f−1(sint(Bc, r, s)), r, s)c.

Put

A = scl(f−1(sint(Bc, r, s)), r, s)c

= sint(f−1(scl(B, r, s)), r, s).

Then A is fuzzy (r, s)-semiopen in X , x(α,β) ∈ A, and

f(A) = f(sint(f−1(scl(B, r, s)), r, s))

⊆ f(f−1(scl(B, r, s)))

⊆ scl(B, r, s).

Therefore f is fuzzy (r, s)-semi-irresolute.

Lemma 2.11. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . If A is fuzzy (r, s)-
semiopen, then scl(A, r, s) is fuzzy (r, s)-semi-clopen.

Proof. It suffices to show that scl(A, r, s) is fuzzy (r, s)-
semiopen. Since A is fuzzy (r, s)-semiopen, we have

cl(int(A, r, s), r, s) ⊇ A. Hence

cl(int(scl(A, r, s), r, s), r, s) ⊇ A.

Since cl(int(scl(A, r, s), r, s), r, s) is fuzzy (r, s)-
semiclosed, we obtain

cl(int(scl(A, r, s), r, s), r, s) ⊇ scl(A, r, s).

Therefore scl(A, r, s) is fuzzy (r, s)-semiopen.

Theorem 2.12. Let f : (X, T1, T2) → (Y,U1,U2) be a

mapping from a SoIFTS X to a SoIFTS Y and (r, s) ∈
I ⊗ I . Then the following statements are equivalent:

(1) f is fuzzy (r, s)-semi-irresolute.

(2) For each fuzzy (r, s)-semi-clopen set B in Y , f−1(B)
is fuzzy (r, s)-semi-clopen in X .

(3) For each intuitionistic fuzzy point x(α,β) in X and

each fuzzy (r, s)-semiopen set B in Y containing

f(x(α,β)), there is a fuzzy (r, s)-semiopen set A
in X containing x(α,β) such that f(scl(A, r, s)) ⊆
scl(B, r, s).

Proof. (1) ⇒ (2) Let B be a fuzzy (r, s)-semi-clopen set

in Y . Since f is fuzzy (r, s)-semi-irresolute, by Theorem

2.10,

f−1(B) ⊆ sint(f−1(scl(B, r, s)), r, s) = sint(f−1(B), r, s).



Hence f−1(B) is fuzzy (r, s)-semiopen in X . Similarly,

by Theorem 2.10, we have

scl(f−1(B), r, s) ⊆ f−1(scl(B, r, s)) = f−1(B).

Thus f−1(B) is fuzzy (r, s)-semiclosed.

(2) ⇒ (1) Let x(α,β) be an intuitionistic fuzzy point in X
and B a fuzzy (r, s)-semiopen set in Y with f(x(α,β)) ∈
B. Then x(α,β) ∈ f−1(B) ⊆ f−1(scl(B, r, s)). Put A =
f−1(scl(B, r, s)). Then by (2), A is fuzzy (r, s)-semiopen

in X , x(α,β) ∈ A, and

f(A) = f(f−1(scl(B, r, s))) ⊆ scl(B, r, s).

Hence f is fuzzy (r, s)-semi-irresolute.

(2) ⇒ (3) Let x(α,β) be an intuitionistic fuzzy point in X
and B a fuzzy (r, s)-semiopen set in Y with f(x(α,β)) ∈
B. Then x(α,β) ∈ f−1(B) ⊆ f−1(scl(B, r, s)). Put

A = f−1(scl(B, r, s)). Then by (2), A is fuzzy (r, s)-
semi-clopen in X . Also, x(α,β) ∈ A and

f(scl(A, r, s)) = f(A) = f(f−1(scl(B, r, s)))

⊆ scl(B, r, s).

(3) ⇒ (1) Trivial.

Definition 2.13. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then A is said to

be fuzzy (r, s)-regular semiopen if there is a fuzzy (r, s)-
regular open set B in X such that B ⊆ A ⊆ cl(B, r, s).

It is clear that every fuzzy (r, s)-regular semiopen set

is fuzzy (r, s)-semiopen. However, the following example

shows that the converse need not be true.

Example 2.14. Let X = {x} and let A1 and A2 be intu-

itionistic fuzzy sets in X defined as

A1(x) = (0.5, 0.4), A2(x) = (0.6, 0.2).

Define T : I(X) → I ⊗ I by

T (A) = (T1(A), T2(A)) =

⎧⎨
⎩

(1, 0) if A = 0, 1,
( 12 ,

1
3 ) if A = A1,

(0, 1) otherwise.

Then T is SoIFT on X . It is easy to show that A2 is fuzzy

( 12 ,
1
3 )-semiopen in X . Note that

int(cl(A1,
1

2
,
1

3
),
1

2
,
1

3
) = int(1,

1

2
,
1

3
) = 1 
= A1.

Hence the only fuzzy ( 12 ,
1
3 )-regular open sets in X are 0

and 1. Thus A2 is not a fuzzy ( 12 ,
1
3 )-regular semiopen set

in X .

Definition 2.15. Let A be an intuitionistic fuzzy set in

a SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then the

fuzzy (r, s)-semi-θ-interior is defined by sintθ(A, r, s) =
sclθ(A

c, r, s)c.

Lemma 2.16. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then

(1) sintθ(A
c, r, s) = sclθ(A, r, s)c.

(2) sclθ(A
c, r, s) = sintθ(A, r, s)c.

Proof. Straightforward.

Theorem 2.17. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then A is a fuzzy

(r, s)-semi-θ-open set if and only if A = sintθ(A, r, s).

Proof. Straightforward.

Lemma 2.18. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then the following

statements are equivalent:

(1) A is fuzzy (r, s)-regular semiopen.

(2) Ac is fuzzy (r, s)-regular semiopen.

Proof. (1) ⇒ (2) Let A be a fuzzy (r, s)-regular semiopen

set in X . Then there is a fuzzy (r, s)-regular open set B
in X such that B ⊆ A ⊆ cl(B, r, s). Since B is fuzzy

(r, s)-open, cl(B, r, s) is fuzzy (r, s)-regular closed. Since

int(Bc, r, s) ⊆ Ac ⊆ Bc = cl(int(Bc, r, s), r, s),

Ac is fuzzy (r, s)-regular semiopen.

(2) ⇒ (1) Similar to the above.

Lemma 2.19. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then the following

statements are equivalent:

(1) A is fuzzy (r, s)-regular semiopen.

(2) A = scl(sint(A, r, s), r, s).

(3) A is fuzzy (r, s)-semi-clopen.

Proof. (1) ⇒ (2) Since A is fuzzy (r, s)-regular semiopen,

we have A = sint(A, r, s). By Lemma 2.18, Ac is fuzzy

(r, s)-regular semiopen. Thus A is fuzzy (r, s)-semiclosed,

and hence A = scl(sint(A, r, s), r, s).

(2) ⇒ (1) Let A = scl(sint(A, r, s), r, s). Put B =
sint(A, r, s). Then B ⊆ A ⊆ scl(B, r, s). Since B is fuzzy

(r, s)-semiopen, we have

B ⊆ A ⊆ scl(cl(int(B, r, s), r, s), r, s),



and hence

sint(int(cl(Bc, r, s), r, s), r, s) ⊆ Ac ⊆ Bc = scl(Ac, r, s).

Note that

int(cl(Bc, r, s), r, s)

= sint(int(cl(Bc, r, s), r, s), r, s)

⊆ Ac ⊆ scl(Ac, r, s) ⊆ cl(Ac, r, s)

⊆ cl(cl(int(Ac, r, s), r, s), r, s)

= cl(int(Ac, r, s), r, s)

⊆ cl(int(cl(scl(Ac, r, s), r, s), r, s), r, s)

= cl(int(cl(Bc, r, s), r, s), r, s).

Since int(cl(Bc, r, s), r, s) is fuzzy (r, s)-regular open, Ac

is fuzzy (r, s)-regular semiopen. Hence by Lemma 2.18,

A is fuzzy (r, s)-regular semiopen.

(1) ⇒ (3) Let A be a fuzzy (r, s)-regular semiopen set.

Then A is fuzzy (r, s)-semiopen. Also, Ac is fuzzy (r, s)-
regular semiopen, and hence Ac is fuzzy (r, s)-semiopen.

Thus A is fuzzy (r, s)-semi-clopen.

(3) ⇒ (2) Since A is fuzzy (r, s)-semi-clopen, we obtain

A = scl(sint(A, r, s), r, s).

Lemma 2.20. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . Then A is fuzzy

(r, s)-regular semiopen if and only if A is a fuzzy (r, s)-
semi-θ-clopen set.

Proof. (⇒) Let A be fuzzy (r, s)-regular semiopen. Then

A is fuzzy (r, s)-semiopen, and by Lemma 2.6, we have

A = scl(A, r, s) = sclθ(A, r, s).

Hence A is fuzzy (r, s)-semi-θ-closed. Since Ac is fuzzy

(r, s)-semiopen, we obtain

Ac = scl(Ac, r, s) = sclθ(A
c, r, s).

Thus Ac is fuzzy (r, s)-semi-θ-closed. Hence A is a fuzzy

(r, s)-semi-θ-open set.

(⇐) Let A be a fuzzy (r, s)-semi-θ-clopen set. Then A
is fuzzy (r, s)-semi-clopen. Thus by Lemma 2.19, A is a

fuzzy (r, s)-regular semiopen set.

Lemma 2.21. Let A be an intuitionistic fuzzy set in a

SoIFTS (X, T1, T2) and (r, s) ∈ I ⊗ I . If A is a fuzzy

(r, s)-semiopen set in X , then scl(A, r, s) is fuzzy (r, s)-
regular semiopen in X .

Proof. By Lemma 2.11, scl(A, r, s) is fuzzy (r, s)-semi-

clopen. Hence by Lemma 2.19, scl(A, r, s) is fuzzy (r, s)-
regular semiopen in X .

Theorem 2.22. Let f : (X, T1, T2) → (Y,U1,U2) be a

mapping from a SoIFTS X to a SoIFTS Y and (r, s) ∈
I ⊗ I . Then the following statements are equivalent:

(1) f is fuzzy (r, s)-semi-irresolute.

(2) For each intuitionistic fuzzy point x(α,β) in X and

each fuzzy (r, s)-regular semiopen set B in Y contain-

ing f(x(α,β)), there is a fuzzy (r, s)-regular semiopen

set A in X such that x(α,β) ∈ A and f(A) ⊆ B.

(3) For each intuitionistic fuzzy point x(α,β) in X and

each fuzzy (r, s)-regular semiopen set B in Y con-

taining f(x(α,β)), there is a fuzzy (r, s)-semiopen set

A in X such that x(α,β) ∈ A and f(scl(A, r, s)) ⊆ B.

Proof. (1) ⇒ (2) Let x(α,β) be an intuitionistic fuzzy

point in X and B a fuzzy (r, s)-regular semiopen set

containing f(x(α,β)). Then B is a fuzzy (r, s)-semiopen

set in Y containing f(x(α,β)). By Theorem 2.12, there is

a fuzzy (r, s)-semiopen set A such that x(α,β) ∈ A and

f(scl(A, r, s)) ⊆ scl(B, r, s) = B. Let C = scl(A, r, s).
Then C is fuzzy (r, s)-regular semiopen such that

x(α,β) ∈ C, and f(C) ⊆ B.

(2) ⇒ (3) Let x(α,β) be an intuitionistic fuzzy point

in X and B a fuzzy (r, s)-regular semiopen set in Y
containing f(x(α,β)). By (2), there is a fuzzy (r, s)-
regular semiopen set A in X such that x(α,β) ∈ A and

f(A) ⊆ B. Since A is fuzzy (r, s)-semiclosed, we have

f(A) = f(scl(A, r, s)) ⊆ B.

(3) ⇒ (1) Let x(α,β) be an intuitionistic fuzzy point

in X and B a fuzzy (r, s)-semiopen set in Y contain-

ing f(x(α,β)). Then scl(B, r, s) is a fuzzy (r, s)-regular

semiopen set containing f(x(α,β)). By (3), there is a fuzzy

(r, s)-semiopen set A in X such that x(α,β) ∈ A and

f(scl(A, r, s)) ⊆ scl(B, r, s).

Thus f is fuzzy (r, s)-semi-irresolute.

Theorem 2.23. Let f : (X, T1, T2) → (Y,U1,U2) be a

mapping from a SoIFTS X to a SoIFTS Y and (r, s) ∈
I ⊗ I . Then the following statements are equivalent:

(1) f is fuzzy (r, s)-semi-irresolute.

(2) For each intuitionistic fuzzy point x(α,β) in X and

each fuzzy (r, s)-semi-θ-clopen set B containing

f(x(α,β)), there is a fuzzy (r, s)-semi-θ-clopen set A
such that x(α,β) ∈ A and f(A) ⊆ B.

(3) For each fuzzy (r, s)-regular semiopen set B in Y ,

f−1(B) is fuzzy (r, s)-regular semiopen in X .



(4) For each fuzzy (r, s)-semiopen set B in Y ,

f−1(B) ⊆ sintθ(f
−1(sclθ(B, r, s)), r, s).

(5) For each fuzzy (r, s)-semiclosed set B in Y ,

sclθ(f
−1(sintθ(B, r, s)), r, s) ⊆ f−1(B).

(6) For each fuzzy (r, s)-semiopen set B in Y ,

sclθ(f
−1(B), r, s) ⊆ f−1(sclθ(B, r, s)).

Proof. (1) ⇔ (2) It follows from Lemma 2.20 and Theo-

rem 2.22.

(1) ⇒ (3) Let B be a fuzzy (r, s)-regular semiopen set

in Y . By Theorem 2.10,

scl(f−1(B), r, s) ⊆ f−1(scl(B, r, s)) = f−1(B),

and hence f−1(B) is fuzzy (r, s)-semiclosed. Similarly,

f−1(B) is fuzzy (r, s)-semiopen. Therefore f−1(B) is

fuzzy (r, s)-regular semiopen in X .

(3) ⇒ (4) Let B be a fuzzy (r, s)-semiopen set in Y .

Then sclθ(B, r, s) = scl(B, r, s) is fuzzy (r, s)-regular

semiopen. By (3), f−1(sclθ(B, r, s)) is fuzzy (r, s)-regular

semiopen. By Lemma 2.20, f−1(sclθ(B, r, s)) is fuzzy

(r, s)-semi-θ-clopen. Since f−1(B) ⊆ f−1(sclθ(B, r, s)),
we have

f−1(B) ⊆ sintθ(f
−1(sclθ(B, r, s)), r, s).

(4) ⇒ (5) Let B be a fuzzy (r, s)-semiclosed set in Y .

Then Bc is fuzzy (r, s)-semiopen. By (4), we have

f−1(Bc) ⊆ sintθ(f
−1(sclθ(B

c, r, s)), r, s).

Thus by Lemma 2.16, sclθ(f
−1(sintθ(B, r, s)), r, s) ⊆

f−1(B).

(5) ⇒ (6) Let B be a fuzzy (r, s)-semiopen set in

Y . Then scl(B, r, s) is fuzzy (r, s)-regular semiopen, and

hence scl(B, r, s) is fuzzy (r, s)-semi-θ-clopen. By (5), we

obtain

sclθ(f
−1(B), r, s)

⊆ sclθ(f
−1(scl(B, r, s)), r, s)

= sclθ(f
−1(sintθ(scl(B, r, s), r, s)), r, s)

⊆ f−1(scl(B, r, s)) = f−1(sclθ(B, r, s)).

(6) ⇒ (3) Let B be a fuzzy (r, s)-regular semiopen set

in Y . Then B is fuzzy (r, s)-semi-clopen. By (6), we have

sclθ(f
−1(B), r, s) ⊆ f−1(sclθ(B, r, s))

= f−1(scl(B, r, s)) = f−1(B),

and hence f−1(B) = sclθ(f
−1(B), r, s). Thus f−1(B)

is a fuzzy (r, s)-semi-θ-closed set in X . Since B is

fuzzy (r, s)-regular semiopen, Bc is a fuzzy (r, s)-regular

semiopen set. Hence f−1(Bc) is fuzzy (r, s)-semi-θ-

closed in X . Thus f−1(B) is a fuzzy (r, s)-semi-θ-open

set in X . Therefore f−1(B) is fuzzy (r, s)-regular

semiopen.

(3) ⇒ (1) It follows from Lemma 2.19 and Theorem

2.12.
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[13] D. Çoker and M. Demirci, “On intuitionistic fuzzy

points,” Notes IFS, vol. 1, no. 2, pp. 79–84, 1995.

[14] I. M. Hanafy, “On fuzzy γ-open sets and fuzzy γ-

continuity in intuitionistic fuzzy topological spaces,”

J. Fuzzy Math., vol. 10, no. 1, pp. 9–19, 2002.

[15] E. P. Lee, “Semiopen sets on intuitionistic fuzzy topo-

logical spaces in Sostak’s sense,” J. Fuzzy Logic and
Intelligent Systems, vol. 14, pp. 234–238, 2004.

[16] S. O. Lee and E. P. Lee, “Fuzzy strongly (r, s)-
semiopen sets,” Int. J. Math. Math. Sci., vol. 6, no. 4,

pp. 299–303, 2006.

Seok Jong Lee
Professor of Chungbuk National University

Research Area: fuzzy topology, general topology.

E-mail : sjl@cbnu.ac.kr

Jin Tae Kim
Research Area: fuzzy topology, general topology.

E-mail : kjtmath@hanmail.net



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Algerian
    /AmerikaSans
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackoakStd
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BrushScriptStd
    /CaflischScriptPro-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /Dgyoung
    /Dinmed
    /Dotum
    /DotumChe
    /DungunB
    /DungunL
    /DungunM
    /DungunR
    /DungunSB
    /EccentricStd
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /ExpoM-HM
    /FencesPlain
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulM
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /MapInfoCartographic
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftSansSerif
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Pilgi2
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /PyunjiR-HM
    /Raavi
    /Ravie
    /RosewoodStd-Regular
    /SanBgB
    /SanBgL
    /SanBgM
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBkM
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanDaB
    /SanDaL
    /SanDaM
    /SanDaU
    /SandEgB
    /SandJg
    /SandKg
    /SandKm
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanEgL
    /SanEgM
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgB
    /SanIgL
    /SanIgM
    /SanIgX
    /SanJhB
    /SanJhR
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanNsB
    /SanOy
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSfB
    /SanSfL
    /SanSfU
    /SanSwB
    /SanSwL
    /SanSwM
    /SanWi
    /SanYb
    /SanYs
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulHangangL
    /SeoulHangangM
    /SeoulNamsanB
    /SeoulNamsanEB
    /SeoulNamsanL
    /SeoulNamsanM
    /SeoulNamsanvert
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /SPSSMarkerSet
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /TaeUtum
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIGurmB
    /YDIGurmL
    /YDIGurmM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDISapphIIB
    /YDISapphIIL
    /YDISapphIIM
    /YDIWinIIB
    /YDIWinIIL
    /YDIWinIIM
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYSin
    /YetR-HM
    /Ymjo450
    /YonseiL
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


