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1. Introduction

Levine [9] introduced the concept of Generalized closed sets in topological spaces. Sundaram et al [25] introduced and studied

the concept of a class maps namely g- continuous maps which included the continuous maps and a class of gc irresolute maps.

Recently Ravi et al [17] Ravi and Thivagar [16] and Duszynski et al [5] introduced (1,2)*-g-closed sets, (1,2)*-sg-closed sets

and (1,2)*-fg̈-closed sets in bitopological space respectively. In this paper, we introduce (1,2)*-Fuzzy generalized continuous

maps and (1,2)*-Fuzzy -fg̈continuous maps and study their relations with various generalized (1,2)*-fuzzy continuous maps.

2. Preliminaries

In this section, we list out the definitions and the results which are needed in sequel. Fuzzy sub sets in (X, τ1, τ2) will be

denoted byλ, µ,γ and F(X) denotes set of all fuzzy sub sets of (X, τ1, τ2) .

Definition 2.1. A fuzzy subset set λ of (X,τ) is called:

(i) Fuzzy semi open (briefly, fs-open) if λ ≤ Cl(Int(λ)) and a fuzzy semi closed (briefly, fs-closed) if Int(Cl(λ)) ≤ λ[1] ;

(ii) Fuzzy pre open (briefly, fp-open) if A ≤ Int(Cl(λ)) and a fuzzy pre closed (briefly, fp-closed) if Cl(Int(λ)) ≤ λ[4];

(iii) Fuzzy α-open (briefly, fα-open) if λ ≤ IntCl(Int(λ)) and a fuzzy α-closed (briefly, fα-closed) if ClInt(Cl(λ) ≤ λ [4];

(iv) Fuzzy semi-preopen (briefly, fsp-open) if λ ≤ ClInt(Cl(λ)) and a fuzzy semi-pre closed (briefly, fsp-closed) if

IntCl(Int(λ)) ≤ λ [26]. By FSPO (X,τ), we denote the family of all fuzzy semi pre open sets of fts X . The semi

closure ( resp. α-closure, semi-pre closure ) of a fuzzy set A of (X,τ) is the intersection of all fs-closed (resp. fα-closed,

fsp-closed) sets that contain A and is denoted by sCl(λ) (resp. αCl(λ) and spCl(λ).
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The following lemma is well-known,

Lemma 2.2. Let λ be a fuzzy set in a fuzzy topological space (X,τ). Then

(i) αClλ = λ∨ ClIntClλ.

(ii) sClλ = λ∨ IntClλ.

(ii) pClλ ≥ λ∨ ClIntλ.

(iii) spClλ ≥ λ∨ IntClIntλ.

Definition 2.3. A fuzzy set λ in a fuzzy topological space (X,τ) is called:

(i) [2] Fuzzy generalized closed set if Clλ ≤ µ whenever λ ≤ µ and µ is fuzzy open. We briefly denote it as fg-closed set.

(ii) [11] Fuzzy semi-generalized closed set if sClλ ≤ µ whenever λ ≤ µ and µ is fuzzy semi open. We briefly denote it as

fsg-closed set.

(iii) [8] Fuzzy generalized almost strongly semi-closed set if α Clλ ≤ µ whenever λ ≤ µ and µ is fuzzy α-open. We briefly

denote it as fαg-closed set.

(iv) [23]Fuzzy semi-pre-generalized closed set if spClλ ≤ µ whenever λ ≤ µ and µ is fuzzy semi-pre-open. We briefly denote

it as fspg-closed set.

(v) [3] Fuzzy generalized strongly closed set if α Clλ ≤ µ whenever λ ≤ µ and µ is fuzzy open. We briefly denote it as

fgα-closed set.

(vi) [6] Fuzzy g̈ -closed set (briefly fg̈-closed set) if cl(λ) ≤ µ whenever λ ≤ µ and µ is fsg-open.

(vii) [7] Fuzzy αgs-closed set if α cl(λ) ≤ µ whenever λ ≤ µ and µ is fuzzy semi-open. We briefly denote it as fαs-closed set.

(viii) [22] Fuzzy generalized semi-closed set if sClλ ≤ µ whenever λ ≤ µ and µ is fuzzy open. We briefly denote it as fgs-closed

set.

(ix) [22] Fuzzy generalized semi-pre-closed set if spClλ ≤ µ whenever λ ≤ µ and µ is fuzzy open. We briefly denote it as

fgsp-closed set.

Definition 2.4 ([19]). Let S be a fuzzy subset of a bitopological space X. Then S is said to be τ1,2-fuzzy open if S = λ ∪ µ,

where λ ∈ τ1 and µ ∈ τ2. The complement of τ1,2-fuzzy open set is called τ1,2-fuzzy-closed.

Definition 2.5. [19] Let S be a subset of a bitopological space X. Then

(i) the τ1,2-closure of S, denoted by τ1,2-cl(S), is defined as ∩{F : S ⊂ F and F is τ1,2-closed}.

(ii) the τ1,2-interior of S, denoted by τ1,2-int(S), is defined as ∪{F : F ⊂ S and F is τ1,2-open}.

Definition 2.6. A fuzzy subset λ of a bitopological space (X, τ1, τ2) is called.

(i) (1,2)*-sg-closed set[16] if (1,2)*-scl(λ) ⊂ µ whenever λ ⊂ µ and µ is (1,2)*- semi open in X. The complement of

(1,2)*-sg-closed set is called (1,2)*-sg-open set;

(ii) (1,2)*-gs-closed set[16] if (1,2)*-scl (λ) ⊂ µ whenever λ ⊂ µ and µ is τ1,2-open in X. The complement of (1,2)*-gs-

closed set is called (1,2)*-gs-open set;
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(iii) (1,2)*-αg-closed set[18] if (1,2)*-αcl(λ) ⊂ µ whenever λ ⊂ µ and µ is τ1,2-open in X. The complement of (1,2)*-αg-

closed set is called (1,2)*-αg-open set;

(iv) (1,2)*-ĝ-closed set or fω-closed set [5] if τ1,2-cl(λ) ⊂ µ whenever λ ⊂ µ and µ is (1,2)*-semi open in X. The complement

of-ĝ-closed (resp. ω-closed) set is called (1,2)*-ĝ-open (resp. ω-open)set;

(v) (1,2)*-ψ-closed set [13] if (1,2)*-scl(λ) ⊂ µ whenever λ ⊂ µ and µ is (1,2)*-sg-open in X. The complement of

(1,2)*-ψ-closed set is called (1,2)*-ψ-open set;

(vi) (1,2)*-g̈α-closed set [13] if (1,2)*-αcl(λ) ⊂ µ whenever λ ⊂ µ and µ is (1,2)*-sg-open in X. The complement of

(1,2)*-g̈α-closed set is called (1,2)*–g̈α-open set;

(vii) (1,2)*-gsp-closed set [21] if (1,2)*- spcl(λ) ⊂ µ whenever λ ⊂ µ and µ is τ1,2-open in X. The complement of (1,2)*-

gsp-closed set is called (1,2)*-gsp-open set;

(viii) (1,2)*- g-closed set [17] if (1,2)*-τ1,2-cl(λ) ⊂ µ whenever λ ⊂ µ and µ is τ1,2-open in X. The complement of (1,2)*-

αg-closed set is called (1,2)*-αg-open set.

Definition 2.7. A map f : (X, τ1,τ2)→ (Y, σ1,σ2) is called;

(i) (1,2)*-gα-continuous[12] if f−1(V) is a (1,2)*-gα-closed set of X for every σ1,2-closed set V of Y.

(ii) (1,2)*-ψ-continuous [14] if f−1(V) is a (1,2)*-ψ-closed set of X for every σ1,2-closed set V of Y.

(iii) (1,2)*-ĝ-continuous[5] if f−1(V) is a (1,2)*-ĝ-closed set of X for every σ1,2-closed set V of Y.

(iv) (1,2)*-g-continuous [22] if f−1(V) is a (1,2)*-g-closed set of X for every σ1,2-closed set V of Y.

(v) (1,2)*-αgs-continuous [20] if f−1(V) is an (1,2)*-αgs-closed set of X for every σ1,2closed set V of Y.

(vi) (1,2)*-αg-continuous [10] if f−1(V) is an (1,2)*-αg-closed set of X for every σ1,2-closed set V of Y.

(vii) (1,2)*-gs-continuous[15] if f−1(V) is a (1,2)*-gs-closed set of X for every σ1,2-closed set V of Y.

(viii) (1,2)*-gsp-continuous[15] if f−1(V) is a (1,2)*-gsp-closed set of X for every σ1,2-closed set V of Y.

(ix) (1,2)*-sg-continuous[16] if f−1(V) is a (1,2)*-sg-closed set of X for every σ1,2-closed set V of Y.

(x) (1,2)*-semi-continuous[16] if f−1(V) is a (1,2)*-semi-open set of X for every σ1,2-open set V of Y.

(xi) (1,2)*-α-continuous [19] if f−1(V) is an (1,2)*- α-closed set of X for every σ1,2-closed set V of Y.

(xii) (1,2)*-continuous[21] if f−1(V) is a (1,2)*-closed set of X for every σ1,2-closed set V of Y.

3. (1,2)*-Fuzzy generalized closed set

Definition 3.1 ([24]). A fuzzy subset λ of a fbts (X, τ1, τ2)called.

(i) (1,2)*-fsg-closed set if (1,2)*-scl(λ) ≤ µ whenever λ ≤ µ and µ is (1,2)*-fuzzy semi open in X. The complement of

(1,2)*-fsg-closed set is called (1,2)*-fsg-open set;

(ii) (1,2)*-fgs-closed set if (1,2)*-scl (λ) ≤ µ whenever λ ≤ µ and µ is τ1,2-open in X. The complement of (1,2)*-fgs-closed

set is called (1,2)*-fgs-open set;
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(iii) (1,2)*-fαg-closed set if (1,2)*-αcl(λ) ≤ µ whenever λ ≤ µ and µ is τ1,2-open in X. The complement of (1,2)*-fαg-closed

set is called (1,2)*-fαg-open set;

(iv) (1,2)*-fĝ-closed set or fω-closed set if τ1,2-cl(λ) ≤ µ whenever λ ≤ µ and µ is (1,2)*-fs-open in X. The complement

of-fĝ-closed (resp. ω-closed) set is called (1,2)*-fĝ-open (resp. ω-open)set;

(v) (1,2)*-fψ-closed set if (1,2)*-scl(λ) ≤ µ whenever λ ≤ µ and µ is (1,2)*-fsg-open in X. The complement of (1,2)*-fψ-

closed set is called (1,2)*-fψ-open set;

(vi) (1,2)*-fg̈α-closed set if (1,2)*-αcl(λ) ≤ µ whenever λ ≤ µ and µ is (1,2)*-fsg-open in X. The complement of (1,2)*-

fg̈α-closed set is called (1,2)*-Fgα-open set;

(vii) (1,2)*-fgsp-closed set if (1,2)*- spcl(λ) ≤ µ whenever λ ≤ µ and µ is τ1,2-open in X. The complement of (1,2)*-fgsp-

closed set is called (1,2)*-fgsp-open set;

(viii) (1,2)*-fαgs-closed set if (1,2)*-αcl(λ) ≤ µ whenever λ ≤ µ and µ is (1,2)*-fs-open in X. The complement of (1,2)*-

fαgs-closed set is called (1,2)*-fαgs-open set.

Definition 3.2 ([24]). A fuzzy subset λ of a fbts X is called (1,2)*-fg closed set if τ1,2−cl(λ) ≤ µ whenever λ ≤ µ and µ is

τ1,2−open subset in X . The complement of (1,2)*-fg-closed set is called (1,2)*-fg-open set.

Definition 3.3 ([24]). A fuzzy subset λ of a fbts X is called (1,2)*-fg̈-closed set if τ1,2-cl(λ) ≤ µ whenever λ ≤ µ and µ is

(1,2)*-fsg-open in X. The complement of (1,2)*-fg̈-closed set is called (1,2)*-fg̈-open set.

Proposition 3.4. Every (1,2)*-fα -closed set is (1,2)*-fg̈α-closed.

Proof. If λ is a (1,2)*-f α closed and µ is any (1,2)*-fsg-open set Containing λ , we have µ ≥ τ1,2-cl(λ) ≥ αcl(λ). Hence

λ is (1,2)*-fg̈α-closed in X.

Proposition 3.5. Every (1,2)*-fg̈α-closed is (1,2)*-fαgs-closed

Proof. If λ is a (1,2)*-fg̈α -closed subset of X and µ is any (1,2)* -fs-open set containing λ, since every(1,2)*-fs-open set

is (1,2)* -fsg-open,we have (1,2)*-α cl(λ) ≤ µ. Hence λ is (1,2)*-fαgs-closed in X.

Proposition 3.6. Every(1,2)*-fαgs-closed set is(1,2)*-fαg-closed.

Proof. If λ is (1,2)*-fα gs-closed subset of X and µ is any τ1,2-open set containing λ, since every τ1,2-open set is (1,2)*-

fs-open,we have α cl(λ) ≤ µ. Hence λ is (1,2)*-fα g-closed in X.

Proposition 3.7. Every (1,2)*-fuzzy closed set is(1,2)*-fg̈-closed.

Proof. If λ is a (1,2)*- fuzzy closed subset set of X and µ is any (1,2)*-fsg open set such that µ ≥ λ = cl(λ). Hence λ is

(1,2)*- fg̈- closed.

Proposition 3.8. Every (1,2)*-fg̈- closed set is(1,2)*-fψ-closed.

Proof. If λ is a (1,2)*-fg̈-closed subset of X and µ is any (1,2)*-fs open set such that µ ≥ λ, since every (1,2)*-fs open set

is(1,2)*- fsg open, we have µ ≥ scl(λ). Hence λ is (1,2)*-fψ-closed .

Proposition 3.9. Every (1,2)*-fg̈ -closed set is (1,2)*-fg̈α closed.
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Proof. If λ is a (1,2)*-fg̈-closed subset of X and µ is any (1,2)*-fsg-open set such that λ ≤ µ , then µ ≥ cl(λ) ≥ α cl(λ).

Hence λ is (1,2)*- fg̈α closed.

Proposition 3.10. Every (1, 2)*-fω-closed set is (1,2)*-fg-closed.

Proof. If λ is a (1,2)*- fω-closed subset of X and µ is any (1,2)*- fuzzy open set containing λ, then µ ≥ τ1,2−cl(λ). Hence

λ is (1,2)*-fg-closed in X.

Proposition 3.11. Every (1,2)*-fψ-closed set is (1,2)*-fsg closed.

Proof. If λ is a (1,2)*- fψ -closed subset of X and µ is any (1,2)*-fs-open set containing λ, we have (1,2)*-scl(λ) ≤ µ .

Hence λ is (1,2)*-fsg-closed.

Proposition 3.12. Every (1,2)*-fg-closed set is (1,2)*-fgs-closed.

Proof. If λ is a (1,2)*- fg-closed subset of X and µ is any τ1,2-open set containing λ, since every τ1,2-open set is (1,2)*-

fsg-open, we have µ ≥ τ1,2-cl(λ) ≥ (1,2)*-scl(λ). Hence λ is (1,2)*-fgs-closed in X.

Proposition 3.13. Every (1,2)*-fg-closed set is (1,2)*-fαg-closed.

Proof. If λ is a (1,2)*- fg-closed subset of X and µ is any τ1,2-open set containing λ. we have µ ≥ τ1,2-cl(λ) ≥ (1,2)*-αcl(λ).

Hence λ is (1,2)*- fαg-closed in X.

Proposition 3.14. Every (1,2)*-fω-closed set is (1,2)*-fsg-closed.

Proof. If λ is a (1,2)*- fω-closed subset of X and µ is any (1,2)*-fs open set containing λ, we have µ ≥ τ1,2−cl(λ) ≥

(1,2)*-scl(λ). Hence λ is (1,2)*- fsg-closed in X.

Proposition 3.15. Every (1,2)*-fuzzy sg-closed set is (1,2)*-fuzzy gs-closed.

Proof. If λ is (1,2)*-fuzzy sg-closed subset of X and µ is any τ1,2−open set Containing λ, since every τ1,2− open set is

(1,2)*-fs open, we have scl(λ) ≤ µ. Hence λ is (1,2)*-fuzzy gs-closed.

Proposition 3.16. Every (1,2)*-fuzzyω- closed set is (1,2)*-fuzzy αgs-closed.

Proof. If λ is (1,2)*-fuzzy ω-closed and µ is any (1,2)*-fuzzy semi open set containing λ, we have αcl(λ) ≤ τ1,2−cl(λ) ≤ µ.

Hence λ is (1,2)*-fuzzy αgs-closed.

Proposition 3.17. Every(1,2)*-fuzzy semi-pre-closed set is (1,2)*-fuzzy pre-semi-closed.

Proof. If λ is a (1,2)*-fuzzy semi pre closed and µ is any (1,2)*-fg-open set such that λ ≤ µ, we have spCl(λ) = λ, it

follows that spCl (λ) = λ ≤ µ. Hence λ is fuzzy pre-semi-closed in X.

Proposition 3.18. Every fuzzy pre-semi-closed set is fgsp-closed.

Proof. If λ is a (1,2)*-fuzzy pre semi closed and µ is any (1,2)*-fg-open set such that λ ≤ µ, we have spCl (λ) = λ ≤ µ.

Hence λ is fgsp-closed in X.
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4. (1,2)*- fuzzy g-continuous Maps and (1,2)*-fuzzyg̈-continuous
Maps.

In this section we introduce the following definitions.

Definition 4.1. A map f : (X, τ1,τ2)→ (Y, σ1,σ2) is called;

(i) (1,2)*-fuzzyg̈α continuous if f−1(V) is a (1,2)*- fuzzyg̈α closed set of X for every σ1,2-fuzzy closed set V of Y.

(ii) (1,2)*-fuzzy ψ-continuous if f−1(V) is a (1,2)*-fuzzy ψ-closed set of X for every σ1,2-fuzzy closed set V of Y.

(iii) (1,2)*-fuzzy ĝ-continuous if f−1(V) is a (1,2)*-fuzzy ĝ-closed set of X for every σ1,2-fuzzy closed set V of Y.

(iv) (1,2)*-fuzzy αgs-continuous if f−1(V) is an (1,2)*- fuzzy αgs-closed set of X for every σ1,2 -fuzzy closed set V of Y.

(v) (1,2)*-fuzzy αg-continuous if f−1(V) is an (1,2)*-fuzzy αg-closed set of X for every σ1,2-fuzzy closed set V of Y.

(vi) (1,2)* fuzzy -gs-continuous if f−1(V) is a (1,2)*-fuzzy gs-closed set of X for every σ1,2-fuzzy closed set V of Y.

(vii) (1,2)*-fuzzy gsp-continuous if f−1(V) is a (1,2)*-fuzzy gsp-closed set of X for every σ1,2-fuzzy closed set V of Y.

(viii) (1,2)*-fuzzy sg-continuous if f−1(V) is a (1,2)*-fuzzy sg-closed set of X for every σ1,2-fuzzy closed set V of Y.

(ix) (1,2)*-fuzzy semi-continuous if f−1(V) is a (1,2)*-fuzzy semi-open set of X for every σ1,2-fuzzy open set V of Y.

(x) (1,2)*-fuzzy α-continuous if f−1(V) is an (1,2)*-fuzzy α-closed set of X for every σ1,2-fuzzy closed set V of Y.

(xi) (1,2)*-fuzzy continuous if f−1(V) is a (1,2)*-fuzzy closed set of X for every σ1,2-fuzzy closed set V of Y.

(xii) (1,2)*-fuzzy pre semi continuous if f−1(V) is a (1,2)*-fuzzy pre semi closed set of X for every σ1,2-fuzzy closed set V

of Y.

(xiii) (1,2)*-fuzzy semi pre continuous if f−1(V) is a (1,2)*-fuzzy semi pre closed set of X for every σ1,2-fuzzy closed set V

of Y.

Definition 4.2. A map f : ( X,τ1, τ2) → ( Y,σ1, σ2) is called (1,2)*-fuzzy g continuous if every f−1(λ) is (1,2)* -fuzzy g

-closed in ( X,τ1, τ2) for every σ1,2 closed set λ of ( Y,σ1, σ2).

Definition 4.3. A map f : ( X,τ1, τ2) → ( Y,σ1, σ2) is called (1,2)*-fuzzy g- irresolute if every f−1(λ) is (1,2)* -fuzzy g

-closed in ( X,τ1, τ2) for every (1,2)*-fuzzy g-closed set λ of ( Y,σ1, σ2).

Definition 4.4. A map f : ( X,τ1, τ2) → ( Y,σ1, σ2) is called (1,2)*-fuzzy g̈ continuous if every f−1(λ) is (1,2)* -fuzzyg̈

closed in ( X,τ1, τ2) for every σ1,2 closed set λ of ( Y,σ1, σ2).

Proposition 4.5. Every -fuzzy continuous is (1,2)*-fuzzy g-continuous but not conversely.

Proof. It is obvious. The converse of the proposition 4.5 is not true as seen from the following example.

Example 4.6. Let X = Y = {a, b, c}, τ1 =
{

0, 1, λ = 0.7
a

+ 0.3
b

+ 0.8
c

}
, τ2 =

{
0, 1, µ = 0.3

a
+ 0.5

b
+ 0.7

c

}
. σ1 = F (x) and

σ2 = τ2. Let f : (X,τ1,τ2) → (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy g-continuous but not (1,2)*-fuzzy

continuous, since f−1({γ = 0.8
a

+ 0.8
b

+ 0.8
c
}) = {γ} is not τ1,2−closed in X.

Proposition 4.7. Every (1,2)*-fuzzy α-continuous map is (1,2)*-fuzzy g̈α-continuous but not conversely.
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Proof. The proof follows from Proposition 3.4. The converse of the proposition 4.7 is not true as seen from the following

example.

Example 4.8. Let X = Y = {a, b}, τ1 =
{

0, 1, µ = 0.3
a

+ 0.4
b

}
, τ2 = {0, 1} , σ1 = F (x) and σ2 = τ2 Let f : (X,

τ1,τ2) → (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy g̈α-continuous but not (1,2)*-fuzzy α-continuous, since

f−1
(
{γ = 0.4

a
+ 0.5

b
}
)

= {γ} is not (1,2)*-fα-closed in X.

Proposition 4.9. Every (1,2)*-fuzzy g̈α-continuous map is (1,2)*- fuzzy αgs-continuous but not conversely.

Proof. The proof follows from Proposition 3.5. The converse of the proposition 4.9 is not true as seen from the following

example.

Example 4.10. Let X=Y={a, b}, τ1 =
{

0, 1, µ = 0.4
a

+ 0.6
b

}
,τ2 = {0, 1},σ1 = F (x) and σ2 = τ2 . Let f : (X, τ1,τ2) →

(Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy αgs-continuous but not (1,2)*-fuzzy g̈α-continuous, since f−1({γ

= 0.4
a

+ 0.5
b
}) = {γ}is not (1,2)*-fg̈α-closed in X.

Proposition 4.11. Every (1,2)*- fuzzy g-continuous map is (1,2)*- fuzzy gs-continuous but not conversely.

Proof. The proof follows from Proposition 3.12. The converse of the proposition 4.11 is not true as seen from the following

example.

Example 4.12. Let X = Y = {a, b}, τ1 =
{

0, 1, µ = 0.4
a

+ 0.6
b

}
, τ2 {0, 1} , σ1 = F (x) and σ2 = τ2. Let f : (X, τ1, τ2) →

(Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy-gs continuous but not (1,2)*-fuzzy g-continuous, since f−1({γ =

0.4
a

+ 0.4
b
}) = {γ} is not (1,2)*-fuzzy g-closed in X.

Proposition 4.13. Every (1,2)*-fuzzy αgs-continuous is (1,2)*- fuzzy αg-continuous but not conversely.

Proof. The proof follows from Proposition 3.6. The converse of the proposition 4.13 is not true as seen from the following

example.

Example 4.14. Let X = Y = {a, b}, τ1 =
{

0, 1, µ = 0.3
a

+ 0.6
b

}
; τ2 {0, 1},σ1 = F (x) and σ2 = τ2. Let f : (X, τ1,τ2) →

(Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy αg-continuous but not (1,2)*-fuzzy αgs-continuous, since f−1({λ =

0.4
a

+ 0.5
b
}) = {λ} is not (1,2)*-fuzzy αgs-closed in X.

Proposition 4.15. Every (1,2)*- fuzzy continuous is (1,2)*- fuzzyg̈-continuous but not conversely.

Proof. The proof follows from proposition 3.7. The converse of the proposition 4.15 is not true as seen from the following

example.

Example 4.16. Let X = Y = {a, b, c}τ1 =
{

0, 1, λ = 0.7
a

+ 0.3
b

+ 0.8
c

}
, τ2 =

{
0, 1, µ = 0.3

a
+ 0.5

b
+ 0.7

c

}
σ1 = F (x) and

σ2 = τ2. Let f : (X, τ1,τ2) → (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzyg̈continuous but not (1,2)*-fuzzy

continuous, since f−1({λ = 0.8
a

+ 0.9
b

+ 0.8
c
}) = {λ} is not (1,2)*-fuzzy closed set in X.

Proposition 4.17. Every (1,2)*- fuzzy g̈- continuous is (1,2)*- fuzzy ψ-continuous but not conversely.

Proof. The proof follows from proposition 3.8. The converse of the proposition 4.17 is not true as seen from the following

example.

Example 4.18. Let X=Y={ a, b} ,τ1 =
{

0, 1, µ = 0.4
a

+ 0.7
b

}
; τ2 {0, 1} , σ1 = F (x) and σ2 = τ2. Let f : (X, τ1,τ2) → (Y,

σ1,σ2) be the identity map. Then f is (1, 2)*-fuzzy ψ-continuous but not (1,2)*-fuzzy g̈-continuous, since f−1({ λ = 0.4
a

+ 0.3
b
}

) = { λ} is not (1,2)*-fuzzy g̈-closed set in X.
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Proposition 4.19. Every (1,2)*- fuzzy ψ-continuous is (1,2)*- fuzzy sg continuous but not conversely.

Proof. The proof follows from proposition 3.11. The converse of the proposition 4.19 is not true as seen from the following

example.

Example 4.20. Let X=Y={ a,b} τ1 =
{

0, 1, µ = 0.4
a

+ 0.7
b

}
; τ2 {0, 1}σ1 = F (x)and σ2 = τ2. Let f : (X, τ1,τ2)→ (Y, σ1,σ2)

be the identity map. Then f is (1,2)*-fuzzy sg-continuous but not (1,2)*-fuzzy ψ-continuous, since f−1({ λ = 0.4
a

+ 0.3
b
} ) =

{ λ} is not (1,2)*-fuzzy ψ closed in X

Proposition 4.21. Every (1, 2)*-fuzzy ω-continuous is (1,2)*- fuzzy g-continuous but not conversely.

Proof. The proof follows from proposition 3.10.

The converse of the proposition 4.21 is not true as seen from the following example.

Example 4.22. Let X=Y={ a, b} τ1 =
{

0, 1, µ = 0.5
a

+ 0.5
b

}
; τ2 {0, 1}σ1 = F (x)and σ2 = τ2 .Let f : (X, τ1,τ2) → (Y,

σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy -g continuous but not (1,2)*-fuzzy -ωcontinuous, since f−1({ λ = 0.4
a

+ 0.4
b
}

) = { λ} is not (1,2)*-fuzzy ωclosed in X.

Proposition 4.23. Every (1,2)*-fuzzy g̈-continuous is (1,2)*- fuzzy g̈α-continuous but not conversely.

Proof. The proof follows from proposition 3.9

. The converse of the proposition 4.23 is not true as seen from the following example.

Example 4.24. Let X=Y={ a,b} , τ1 =
{

0, 1µ = 0.4
a

+ 0.7
b

}
;τ2 = {0, 1} , σ1 = F (x) and σ2 = τ2. Let f : (X,

τ1,τ2) → (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy g̈α-continuous but not (1,2)*-fuzzy g̈-continuous, since

f−1
{
λ = 0.4

a
+ 0.3

b

}
= {λ} is not (1,2)*-fuzzy g̈-closed.

Proposition 4.25. Every (1,2)*-fuzzy g-continuous is(1,2)*-fuzzy αg-continuous but not conversely.

Proof. The proof follows from Proposition 3.13. The converse of the proposition 4.25 is not true as seen from the following

example.

Example 4.26. Let X=Y={ a,b} and τ1 =
{

0, 1, µ = 0.4
a

+ 0.7
b

}
;τ2 = F (x)and σ2 = τ2. Let f : (X, τ1,τ2)→ (Y, σ1,σ2) be

the identity map. Then f is (1,2)*-fuzzy αg-continuous but not fuzzy (1,2)*-fuzzy g -continuous, since f−1
{
λ = 0.4

a
+ 0.3

b

}
=

{λ} is not (1,2)*-fuzzy g –closed in X

Proposition 4.27. Every (1,2)*-fuzzy ω-continuous is(1,2)*-fuzzy sg-continuous but not conversely.

Proof. The proof follows from Proposition 3.14. The converse of the proposition 4.27 is not true as seen from the following

example.

Example 4.28. Let X=Y={ a,b} and τ1 =
{

0, 1, µ = 0.4
a

+ 0.6
b

}
;τ2 = F (x)and σ2 = τ2. Let f : (X, τ1,τ2)→ (Y, σ1,σ2) be

the identity map. Then f is (1,2)*-fuzzy sg-continuous but not fuzzy (1,2)*-fuzzy ω -continuous, since f−1
{
λ = 0.4

a
+ 0.4

b

}
=

{λ} is not (1,2)*-fuzzy ω -closed X.

Proposition 4.29. Every (1,2)*-fuzzy sg-continuous is(1,2)*-fuzzy gs-continuous but not conversely.

Proof. The proof follows from Proposition 3.15. The converse of the proposition 4.29 is not true as seen from the following

example.
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Example 4.30. Let X=Y={ a,b} and τ1 =
{

0, 1, µ = 0.3
a

+ 0.6
b

}
;τ2 = F (x)and σ2 = τ2. Let f : (X, τ1,τ2)→ (Y, σ1,σ2) be

the identity map. Then f is (1,2)*-fuzzy gs-continuous but not fuzzy (1,2)*-fuzzy sg -continuous, since f−1
{
λ = 0.3

a
+ 0.4

b

}
=

{λ} is not (1,2)*-fuzzy sg -closed X.

Proposition 4.31. Every (1,2)*-fuzzy ω-continuous is(1,2)*-fuzzy αgs-continuous but not conversely.

Proof. The proof follows from Proposition 3.16. The converse of the proposition 4.31 is not true as seen from the following

example.

Example 4.32. Let X=Y={ a,b} and τ1 =
{

0, 1, µ = 0.4
a

+ 0.7
b

}
;τ2 = F (x)and σ2 = τ2.

Let f : (X, τ1,τ2) → (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy αgs-continuous but not fuzzy (1,2)*-fuzzy ω

-continuous, since f−1
{
λ = 0.4

a
+ 0.3

b

}
= {λ} is not (1,2)*-fuzzy ω-closed X.

Proposition 4.33. Every (1,2)*-fuzzy semi pre continuous is(1,2)*-fuzzy pre semi continuous but not conversely.

Proof. The proof follows from Proposition 3.17.

The converse of the proposition 4.33 is not true as seen from the following example.

Example 4.34. Let X=Y= { a, b ,c} , τ1 =
{

0, 1, λ = 0.7
a

+ 0.3
b

+ 1
c

}
, τ2 =

{
0, 1, µ = 0.7

a
+ 0

b
+ 0

c

}
. σ1 = F (x) and

σ2 = τ2. Let f : (X, τ1,τ2)→ (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fuzzy pre semi continuous but not (1,2)*-fuzzy

semi pre continuous, since f−1({ γ = 1
a

+ 0.3
b

+ 0
c
} ) = { γ} is not fuzzy semi pre closed in X.

Proposition 4.35. Every (1,2)*-fuzzy pre semi continuous is fgsp continuous but not conversely.

Proof. The proof follows from Proposition 3.18.

The converse of the proposition 4.35 is not true as seen from the following example.

Example 4.36. Let X=Y= { a, b ,c} , τ1 =
{

0, 1, λ = 1
a

+ 0
b

+ 0
c

}
, τ2 = {0, 1}. σ1 = F (x) and σ2 = τ2. Let f : (X,

τ1,τ2) → (Y, σ1,σ2) be the identity map. Then f is (1,2)*-fgsp continuous but not (1,2)*-fuzzy pre semi continuous, since

f−1({γ = 1
a

+ 1
b

+ 0
c
}) = {γ} is not fuzzy pre semi closed in X.

Remark 4.37. From the above Examples 4.6, 4.8, 4.10, 4.12, 4.14, 4.16, 4.18, 4.20, 4.22, 4.24, 4.26, 4.28, 4.30, 4.32, 4.34,

4.36 and propositions4.5, 4.7, 4.9, 4.11, 4.13, 4.15, 4.17, 4.19, 4.21, 4.23, 4.25, 4.27, 4.29, 4.31, 4.33, 4.35 we obtain the

following diagram, where A→ B (resp. A= B) represents A implies B but not conversely (resp. A and B are independent

of each other)

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

-

-

-

-

-

-

-

-

-

6 6 6 6

? ?
? ?

4

5 6 7

9 10
11 12

1 2 3

8

Where
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(1) (1,2)*-fα-continuous (7) (1,2)*-fω- continuous

(2) (1,2)*- fg̈α-continuous (8) (1,2)*-f g-continuous

(3) (1,2)*- fαgs-continuous (9) (1,2)*-fs-continuous

(4) (1,2)*- fαg-continuous (10) (1,2)*-fψ-continuous

(5) (1,2)*- fuzzy -continuous (11) (1,2)*-fsg-continuous

(6) (1,2)*-fg̈-continuous (12) (1,2)*-fgs-continuous

Definition 4.38. For every set A ≤ X, we define the (1,2)*-g-closure of A to be the intersection of all (1,2)*-fg-closed sets

containing A. In symbols, (1,2)*-g-cl(A) = ∩ { F : A ≤ F ∈ (1,2)*-FGC(X)} .

Proposition 4.39. A map f : (X, τ1, τ2)→ (Y, σ1, σ2) is (1,2)*-fg-continuous if and only if f−1(U) is (1,2)*-fg-open in X

for every σ1,2-open set U in Y.

Proof. Let f : (X, τ1, τ2)→ (Y, σ1, σ2) be (1,2)*-fg-continuous and U be an σ1,2-open set in Y. Then Uc is σ1,2-closed in Y

and since f is (1,2)*-fg-continuous, f−1(Uc) is (1,2)*-fg-closed in X. But f−1(Uc) = (f−1(U))c and so f−1(U) is (1,2)*-fg-open

in X.

Conversely, assume that f−1(U) is (1,2)*-fg-open in X for each σ1,2-open set U in Y. Let F be a σ1,2-closed set in Y. Then

Fc is σ1,2-open in Y and by assumption, f−1(Fc) is (1,2)*-fg-open in X. Since f−1(F c) = (f−1(F ))c, we have f−1(F ) is

(1,2)*-fg-closed in X and so f is (1,2)*-fg-continuous.

Remark 4.40. The composition of two (1,2)*-fg-continuous maps need not be (1,2)*-fg-continuous and this is shown by

the following example.

Example 4.41. Let X = Y = Z={ a, b} ,τ1 = 0, 1, λ = 0.4
a

+ 0.6
b
, µ = 0,2

a
+ 0.3

b
,τ2 = 0, 1. Then τ12-open sets are

0, 1, λ = 0.4
a

+ 0.6
b
, µ = 0,2

a
+ 0.3

b
and

τ12−closed sets are 0, 1, λ′ = 0.6
a

+ 0.4
b
, µ′ = 0.8

a
+ 0.7

b
.

Let σ1 = 0, 1, η = 0.4
a

+ 0.5
b

.Thenσ12-open sets are0, 1, η = 0.4
a

+ 0.5
b

and σ12-closed sets are 0, 1, η′ = 0.6
a

+ 0.5
b

. Let γ1 = 0, 1, φ = 0.7
a

+ 0.4
b

,

γ2 = 0, 1.Then γ12−open sets are 0, 1, φ = 0.7
a

+ 0.4
b

and γ12-closed sets are0, 1, φ′ = 0.3
a

+ 0.6
b

. Let f : (X, τ1, τ2) → (Y,

σ1, σ2) and g : (Y, σ1, σ2)→ (Z, η1, η2)

be the identity maps. Then f and g are (1,2)*-fg-continuous but their

g o f : (X, τ1, τ2)→ (Z, η1, η2) is not (1,2)*-fg-continuous, because

V = 0.3
a

+ 0.6
b

is η1,2-closed in Z but (g o f)−1(V) =f−1(g−1(V)) = f−1(V) = V= 0.3
a

+ 0.6
b

which is not (1,2)*-fg-closed in

X.

Proposition 4.42. If f : (X, τ1, τ2) → (Y, σ1, σ2) is (1,2)*-fg-continuous and g : (Y, σ1, σ2) → (Z, η1, η2) is (1,2)*-

continuous, then their composition g o f : (X, τ1, τ2)→ (Z, η1, η2) is (1,2)*-fg-continuous.

Proof. Let F be any η1,2-closed set in (Z, η1, η2). Since g : (Y, σ1, σ2)→ (Z, η1, η2) is (1,2)*-continuous, g−1(F) is σ1,2-

closed in (Y, σ1, σ2). Since f : (X,τ1, τ2)→ (Y, σ1, σ2) is (1,2)*-fg-continuous, f−1(g−1(F)) = (g o f)−1(F) is (1,2)*-fg-closed

in X and so g o f is (1,2)*-fg-continuous.

Proposition 4.43. If A is (1,2)*-fg-closed in X and if f : (X, τ1, τ2)→ (Y, σ1, σ2) is (1,2)*-fsg-irresolute and (1,2)*-fuzzy

closed, then f(A) is (1,2)*-fg-closed in Y.
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Proof. Let U be any (1,2)*-fsg-open in Y such that f(A) ≤ U. Then A ≤ f−1(U) and by hypothesis, τ1,2-cl(A) ≤ f−1(U).

Thus f(τ1,2-cl(A)) ≤ U and f(τ1,2-cl(A)) is a σ1,2-closed set. Now, σ1,2-cl(f(A)) ≤ σ1,2-cl(f(τ1,2-cl(A)))= f(τ1,2-cl(A)) ≤ U.

That is σ1,2-cl(f(A))≤ U and so f(A) is (1,2)*-fg-closed.

Definition 4.44. Let x be a point of X and A be a subset of a fuzzy bitopological space X. Then A is called an (1,2)*-

fg-neighbourhood of x (briefly, (1,2)*-fg-nbhd of x) in X if there exists an (1,2)*-fg-open set U of X such that x ∈ U ≤

A.

Definition 4.45. Let A be a subset of a fuzzy bitopological space X. Then x ∈ (1,2)*-g-cl(A) if and only if for any (1,2)*-

fg–nbhd Gx of x in X, A ∩ Gx 6= ϕ.

Proof. Necessity. Assume x ∈ (1,2)*-g-cl(A). Suppose that there is an (1,2)*-fg-nbhd G of the point x in X such that G ∩

A = ϕ. Since G is (1,2)*-fg-nbhd of x in X, by Definition 4.44, there exists an (1,2)*-fg-open set Ux such that x ∈ Ux ≤ G.

Therefore, we have Ux∩ A = ϕ and so A ≤ (Ux)c. Since (Ux)c is an (1,2)*-fg-closed set containing A, we have by Definition

4.38 (1,2)*-g-cl(A) ≤ (Ux)c and therefore x /∈ (1,2)*-g-cl(A), which is a contradiction.

Sufficiency. Assume for each (1,2)*-fg-nbhd Gx of x in X, A ∩ Gx 6= ϕ. Suppose x /∈ (1,2)*-g-cl(A). Then by Definition

4.38, there exists a (1,2)*-fg-closed set F of X such that A ≤ F and x /∈ F. Thus x ∈ Fc and Fc is (1,2)*-fg-open in X and

hence Fc is a (1,2)*-fg-nbhd of x in X. But A ∩ Fc = ϕ, which is a contradiction.

In the next theorem we explore certain characterizations of (1,2)*-fg-continuous functions.

Theorem 4.46. Suppose the collection of all (1,2)*-fg-open sets of X is closed under arbitrary unions. Let f : (X, τ1, τ2 )→

(Y, σ1, σ2) be a map from a fuzzy bitopological space (X, τ1, τ2) into a fuzzy bitopological space (Y, σ1, σ2). Then the

following statements are equivalent.

(i) The function f is (1,2)*-fg-continuous.

(ii) The inverse of each σ1,2-open set is (1,2)*-fg-open.

(iii) For each point x in X and each σ1,2-open set V in Y with f(x) ∈ V, there is an (1,2)*-fg-open set U in X such that x

∈ U, f(U) ≤ V.

(iv) The inverse of each σ1,2-closed set is (1,2)*-fg-closed.

(v) For each x in X, the inverse of every neighborhood of f(x) is an (1,2)*-fg-nbhd of x.

(vi) For each x in X and each neighborhood N of f(x), there is an (1,2)*-fg-nbhd G of x such that f(G) ≤ N.

(vii) For each subset A of X, f( (1,2)*-g-cl(A)) ≤ σ1,2-cl(f(A)).

(viii) For each subset B of Y, (1,2)*-g-cl(f−1(B)) ≤ f−1(σ1,2-cl(B)).

Proof. (i) ⇔ (ii). This follows from Definition 4.2

(i) ⇔ (iii). Suppose that (iii) holds and let V be an σ1,2-open set in Y and let x ∈ f−1(V). Then f(x) ∈ V and thus there

exists an (1,2)*-fg-open set Ux such that x ∈ Ux and f(Ux) ≤ V. Now, x ∈ Ux ≤ f−1(V) and f−1(V) = ∪x∈ f−1(V )

Ux. Then f−1(V) is (1,2)*-fg-open in X and therefore f is (1,2)*-fg-continuous.

Conversely, suppose that (i) holds and let f(x) ∈ V where V is σ1,2-open in Y. Then f−1(V) ∈ (1,2)*-GO(X), since f

is (1,2)*-fg-continuous. Let U = f−1(V). Then x ∈ U and f(U) ≤ V.
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(ii) ⇔ (iv). This result follows from the fact if A is a subset of Y, then f−1(Ac) = (f−1(A))c .

(ii) ⇒ (v). For x in X, let N be a neighborhood of f(x). Then there exists an σ1,2-open set U in Y such that f(x) ∈ U ≤

N. Consequently, f−1(U) is an (1,2)*-fg-open set in X and x ∈ f−1(U) ≤ f−1(N). Thus f−1(N) is an (1,2)*-fg-nbhd of

x.

(v) ⇒ (vi). Let x ∈ X and let N be a neighborhood of f(x). Then by assumption, G = f−1(N) is an (1,2)*-fg-nbhd of x

and f(G) = f(f−1(N)) ≤ N.

(vi) ⇒ (iii). For x in X, let V be an σ1,2-open set containing f(x). Then V is a neighborhood of f(x). So by assumption,

there exists an (1,2)*-fg-nbhd G of x such that f(G) ≤ V. Hence there exists an (1,2)*-fg-open set U in X such that x

∈ U ≤ G and so f(U) ≤ f(G) ≤ V.

(vii) ⇔ (iv). Suppose that (iv) holds and let A be a subset of X. Since A ≤ f−1(f(A)), we have A ≤ f−1(σ1,2-cl(f(A))).

Since σ1,2-cl(f(A)) is a σ1,2-closed set in Y, by assumption f−1(σ1,2-cl(f(A))) is an (1,2)*-fg-closed set containing A.

Consequently, (1,2)*-g-cl(A) ≤ f−1(σ1,2-cl(f(A))). Thus f( (1,2)*-g-cl(A)) ≤ f(f−1(σ1,2-cl(f(A)))) ≤ σ1,2-cl(f(A)).

Conversely, suppose that (vii) holds for any subset A of X. Let F be a σ1,2-closed subset of Y. Then by assumption,

f( (1,2)*-g-cl(f−1(F))) ≤ σ1,2-cl(f(f−1(F))) ≤ σ1,2-cl(F) = F. That is (1,2)*-g-cl(f−1(F)) ≤ f−1(F) and so f−1(F) is

(1,2)*-fg-closed.

(vii) ⇔ (viii). Suppose that (vii) holds and B be any subset of Y. Then replacing A by f−1(B) in (vii), we obtain f(

(1,2)*-g-cl(f−1(B))) ≤ σ1,2-cl(f(f−1(B))) ≤ σ1,2-cl(B). That is (1,2)*-g-cl(f−1(B)) ≤ f−1(σ1,2-cl(B)).

Conversely, suppose that (viii) holds. Let B = f(A) where A is a subset of X. Then we have, (1,2)*-g-cl(A) ≤ (1,2)*-

g-cl(f−1(B)) ≤ f−1(σ1,2-cl(f(A))) and so f( (1,2)*-g-cl(A)) ≤ σ1,2-cl(f(A)). This completes the proof of the theorem.
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