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GENERALIZED FUZZY Z-CLOSURE
IRRESOLUTE MAPPINGS IN DOUBLE FUZZY TOPOLOGICAL SPACES

SHIVENTHIRA DEVI SATHAANANTHAN, A. VADIVEL1, S. TAMILSELVAN,
AND G. SARAVANAKUMAR

ABSTRACT. We introduce and investigate some new class of mappings called
double fuzzy generalized Z-open irresolute map, double fuzzy generalized Z-
closed irresolute map, double fuzzy generalized Z-continuous map, double
fuzzy generalized Z-irresolute map and double fuzzy generalized Z-closure
irresolute map in double fuzzy topological spaces. Also, some of their fun-
damental properties are studied.

1. INTRODUCTION AND PRELIMINARIES

In 1986, Atanassov [2] started ’Intuitionistic fuzzy sets’ and Coker [3] in 1997,
initiated Intuitionistic fuzzy topological space". The term “double" instead of
“intuitionistic" coined by Garcia and Rodabaugh [5] in 2005. In the previous
two decades many analysts [8, 9] accomplishing more applications on double
fuzzy topological spaces. From 2011, Z-open sets and maps were introduced in
topological spaces by El-Maghrabi and Mubarki [7].
X denotes a non-empty set, I1 = [0, 1), I0 = (0, 1], I = [0, 1], 0 = 0(X), 1 =

1(X), r ∈ I0 & κ ∈ I1 and always 1 ≥ r + κ. IX is a family of all fuzzy sets on
X. In 2002, double fuzzy topological spaces (briefly, dfts), (X, η, η∗), (r, κ)-fuzzy
open (resp. (r, κ)-fuzzy closed) (briefly (r, κ)-fo (resp. (r, κ)-fc)) were defined.
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All other undefined notions are from [1,4,6,7,9–11] and cited there in.

2. GENERALIZED DOUBLE FUZZY Z -CLOSURE IRRESOLUTE FUNCTIONS

In this section, some characterisations of generalized double fuzzy
Z-continuous (resp. (open, closed, closure) irresolute) functions are studied.

Definition 2.1. A map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2) is called as ageneralized double

fuzzy

(i) Z-open irresolute (briefly, gDFZoIrr) if for every (r, κ)-gfZo set γ ∈ IX , κ ∈
I1 and r ∈ I0, f(γ) is an (r, κ)-gfZo in IY .

(ii) Z-closed irresolute (briefly, gDFZcIrr) if for every (r, κ)-gfZc set γ ∈ IX ,
κ ∈ I1 and r ∈ I0, f(γ) is an (r, κ)-gfZc in IY .

(iii) Z-continuous (briefly, gDFZCts) if for every (r, κ)-fo set γ ∈ IY , r ∈ I0 and
κ ∈ I1, f−1(γ) is an (r, κ)-gfZo in IX .

(iv) Z-irresolute (briefly, gDFZIrr) if f−1(µ) is (r, κ)-gfZo set ∀(r, κ)-gfZo set
µ ∈ IY .

(v) Z-closure irresolute (briefly, gDFZCl Irr) if f−1(GZCρ, ρ∗(f(γ), r, κ) is an
(r, κ)-gfZc set for every (r, κ)-gfZc set γ ∈ IY , r ∈ I0 and κ ∈ I1.

Theorem 2.1. For any bijective map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2), the below stated

statements are equivalent.

(i) f is gDFZCl Irr function.
(ii) For every fuzzy set γ ∈ IX , f(GZCρ1,ρ∗1(γ, r, κ)) ≤ GZCρ2,ρ∗2(f(γ), r, κ).

(iii) For every fuzzy set γ in IY , GZCρ1,ρ∗1(f
−1(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)).

Proof.
(i) ⇒ (ii) : Suppose γ ∈ IX and GZCρ1,ρ∗1(f(γ), r, κ) ∈ IY is an (r, κ)-

gfZc, then by (i), we have f−1(GZCρ2,ρ∗2 (f(γ), r, κ) ∈ IX is an (r, κ)-gfZc
set, r ∈ I0 and κ ∈ I1. Therefore, GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ)), r, κ) =

f−1(GZCρ2,ρ∗2(f(γ), r, κ)). Since γ ≤ f−1(f(γ)) and GZCρ1,ρ∗1(γ, r, κ) ≤ GZCρ2,ρ∗2
(f−1(f(γ), r, κ)). Also, f(γ) ≤ GZCρ2,ρ∗2 (f(γ), r, κ). Then GZCρ1,ρ∗1(γ, r, κ) ≤
GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ), r, κ)) = f−1(GZCρ2,ρ∗2(f(γ), r, κ)).
(ii) ⇒ (iii) : Suppose γ ∈ IY , by (ii), f(GZCρ2,ρ∗2(f

−1(γ), r, κ)) ≤ GZCρ2,ρ∗2
(f(f−1(γ)), r, κ) ≤ GZCρ2,ρ∗2(γ, r, κ). That is, f(GZCρ1,ρ∗1(f

−1(γ), r, κ)) ≤GZCρ2,ρ∗2
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(γ, r, κ). Therefore, f−1(f(GZCρ1,ρ∗1(f
−1(γ), r, κ))) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)).

Hence, GZCρ1,ρ∗1(f
−1(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)).

(iii)⇒ (i) : Suppose γ ∈ IY is an (r, κ)-gfZc set. Then, GZCρ2,ρ∗2(γ, r, κ) = γ.

By (iii), GZCρ1,ρ∗1(f
−1(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(γ, r, κ)) = f−1(γ). But f−1(γ)

≤ GZCρ1,ρ∗1(f
−1(γ), r, κ). Therefore, f−1(γ) = GZCρ2,ρ∗2(γ, r, κ) i.e., f−1(γ) ∈ IX

is (r, κ)-gfZc. Thus f is gDFZCl Irr map. �

Proposition 2.1. The map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2) is a gDFZcIrr iff ∀γ ∈ IX ,

GZCρ1,ρ∗1(f(γ), r, κ) ≤ f(GZCρ1,ρ∗1 (γ, r, κ)).

Proposition 2.2. For any gDFZCl Irr function f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2), GZ

Bρ1,ρ∗1(f
−1(γ), r, κ) is zero for every (r, κ)-gfZo set γ ∈ IY .

Definition 2.2. A dfts (X, ρ, ρ∗) is said to be a double fuzzy Z-(ρ, ρ∗)1/2 space
(briefly, DFZ-(ρ, ρ∗)1/2), if each (r, κ)-fZc set is (r, κ)-fc set in X.

Proposition 2.3. For any dfts (X, ρ1, ρ
∗
1) and DFZ-(ρ, ρ∗)1/2 space (Y, ρ2, ρ

∗
2), if

the map f : (X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2) is a bijective, then

(i) f and f−1 are gDFZCl Irr
(ii) f is gDFZCts and gDFZoIrr.

(iii) f is gDFZCts and gDFZcIrr.
(iv) f(GZCρ1,ρ∗1(γ, r, κ)) = GZCρ2,ρ∗2(f(γ), r, κ), for every γ ∈ IX .

are equivalent.

Proof.
(i) ⇒ (ii) : Suppose γ is an (r, κ)-gfZo set in X. Since f−1 is gDFZCl Irr,

(f−1)−1(γ) ∈ IY is (r, κ)-gfZo set, so f is gDFZoIrr. Now, let ν ∈ IY be an
(r, κ)-fZo set, then it is an (r, κ)-gfZo. But by hypothesis, f−1 are gDFZCl Irr,
then f−1(ν) ∈ IX is an (r, κ)-gfZo, i.e, f is gDFZCts.
(ii)⇒ (iii) : Obvious.
(iii) ⇒ (iv) : If γ ∈ IX , then γ ≤ f−1(f(γ)) and f(γ) ≤ GZCρ2,ρ∗2(f(γ), r, κ)
⇒ γ ≤ f−1(GZCρ2,ρ∗2(f(γ), r, κ). Now, GZCρ2,ρ∗2(f(γ), r, κ) ∈ IY is an (r, κ)-
gfZc set. But (Y, ρ2, ρ

∗
2) is a DFZ-(ρ, ρ∗)1/2 space, and GZCρ2,ρ∗2(f(γ), r, κ)

is an (r, κ)-fc set, then GZCρ2,ρ∗2(f(γ), r, κ) ∈ IY is an (r, κ)-fZc set. Since
f is gDFZCts, f−1(GZCρ2,ρ∗2(f(γ), r, κ)) is an (r, κ)-gfZc set, which implies,
GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ)), r, κ) = f−1(GZCρ2,ρ∗2(f(γ), r, κ)). But
GZCρ2,ρ∗2 (f(γ), r, κ) ≤ GZCρ2,ρ∗2(f

−1(GZCρ2,ρ∗2(f(γ), r, κ)), r, κ) and
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GZCρ2,ρ∗2(f(γ), r, κ) ≤ f−1(GZCρ2,ρ∗2(f(γ), r, κ)). Therefore, f(GZ Cρ1,ρ∗1(γ, r, κ)) ≤
GZCρ2,ρ∗2(f(γ), r, κ). Also,
GZCρ2,ρ∗2(f(γ), r, κ) ≤ f(GZCρ1,ρ∗1(γ, r, κ)) ⇒ f(GZCρ1,ρ∗1(γ, r, κ)) =

GZ Cρ2,ρ∗2(f(γ), r, κ).

(iv)⇒ (i) : Let γ ∈ IX , by hypothesis of (iv), f(GZCρ1,ρ∗1(γ), r, κ) = GZCρ2,ρ∗2
(f(γ), r, κ). Therefore, f(GZCρ1,ρ∗1(f(γ), r, κ) ≤ GZCρ2,ρ∗2(f(γ), r, κ). Then, f is a
gDFZCl Irr function. Now, suppose ν ∈ IY is (r, κ)-gfZc. Then
GZCρ2,ρ∗2(ν, r, κ) = ν ⇒ f(GZCρ2,ρ∗2(ν, r, κ)) = f(ν).

But, by (iv), GZCρ1,ρ∗1(f(ν), r, κ) = f(GZCρ2,ρ∗2(ν, r, κ)). Therefore, GZCρ1,ρ∗1
(f(ν), r, κ) = f(ν), then f(ν) ∈ IY is an (r, κ)-gfZc set. Therefore, f−1 is a
gDFZCl Irr. �

Proposition 2.4. For any two dfts’s (X, ρ1, ρ
∗
1) and (Y, ρ2, ρ

∗
2) and any map f :

(X, ρ1, ρ
∗
1)→ (Y, ρ2, ρ

∗
2).

(i) If f is any function, thenGZEρ1,ρ∗1(f
−1(δ), r, κ) ≤ GZCρ1,ρ∗1(1−f

−1(δ), r, κ,

∀ fuzzy set δ ∈ IY .
(ii) If f is a gDFZCts function, then for every (r, κ)-fZc δ ∈ IY , we have

GZBρ1,ρ∗1(f
−1(δ), r, κ)=GZFρ1,ρ∗1 (f

−1(δ), r, κ).

Proposition 2.5. Let (X, ρ1, ρ
∗
1) & (Y, ρ2, ρ

∗
2) be dfts’s and let f : (X, ρ1, ρ

∗
1) →

(Y, ρ2, ρ
∗
2) be gDFZCl Irr function 3 (X, ρ1, ρ

∗
1) is g∗DFZ-(ρ, ρ∗)1/2 space. Then,

for every (r, κ)-gfZc set δ ∈ IY , the following statements hold:

(i) GBρ1,ρ∗1(f
−1(δ) , r, κ) = GFρ1,ρ∗1(f

−1(δ), r, κ).
(ii) GEρ1,ρ∗1(f

−1(δ), r, κ) = 1− f−1(δ).

Proposition 2.6. Let f : (X, ρ1, ρ
∗
1) → (Y, ρ2, ρ

∗
2) be gDFZ-closed map such that

(Y, ρ2, ρ
∗
2) is g∗DFZ-(ρ, ρ∗)1/2 space. Then, ∀(r, κ)-gfZc set δ in IX , the following

statements hold:

(i) GBρ2,ρ∗2(f(δ), r, κ) = GFρ2,ρ∗2(f(δ), r, κ).
(ii) GEρ2,ρ∗2(f(δ), r, κ) = 1− f(δ).

Proposition 2.7. Let (X, ρ1, ρ∗1), (Y, ρ2, ρ
∗
2) & (Z, ρ3, ρ

∗
3) be dfts’s, f : (X, ρ1, ρ

∗
1)→

(Y, ρ2, ρ
∗
2) and g : (Y, ρ2, ρ

∗
2) → (Z, ρ3, ρ

∗
3) be gDFZCl Irr functions 3 (X, ρ1, ρ

∗
1)

is g∗DFZ-(ρ, ρ∗)1/2 space. Then, ∀(r, κ)-gfZc set in Z, the following statements
hold:

(i) GBρ1,ρ∗1((g ◦ f)
−1(δ), r, κ) = GFρ1,ρ∗1((g ◦ f)

−1(δ), r, κ).
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(ii) GEρ1,ρ∗1((g ◦ f)
−1(δ), r, κ) = 1− (g ◦ f)−1(δ).

3. CONCLUSION

We have introduced and investigated some new class of mappings called dou-
ble fuzzy generalized Z-open irresolute map, double fuzzy generalized Z-closed
irresolute map, double fuzzy generalized Z-continuous map, double fuzzy gen-
eralized Z-irresolute map and double fuzzy generalized Z-closure irresolute
map in dfts. Also, some of their fundamental properties are studied.

REFERENCES

[1] S. E. ABBAS, E. EL-SANOUSY: Several types of double fuzzy semiclosed sets, J. Fuzzy
Math., 20 (2012), 89–102.

[2] K. ATANASSOV: Intuitionistic fuzzy sets, Fuzzy sets and system, 20(1) (1986), 84–96.
[3] D. COKER: An introduction to intuitionistic fuzzy topological spaces, Fuzzy Sets and Sys-

tems, 88 (1997), 81–89.
[4] F. M. MOHAMMED, M. S. M. NOORANI, A. GHAREEB: Generalized fuzzy b-closed and

generalized ?-fuzzy b-closed sets in double fuzzy topological spaces, Egyptian Journal of Basic
and Applied Sciences, 3 (2016), 61–67.

[5] J. G. GARCIA, S. E. RODABAUGH: Order-theoretic, topological, categorical redundancies
of interval-valued sets, grey sets, vague sets, interval-valued intuitionistic sets, intuitionistic
fuzzy sets and topologies, Fuzzy Sets and Systems, 156 (2005), 445–484.

[6] E. P. LEE, Y. B. IM: Mated fuzzy topological spaces, International Journal of Fuzzy Logic
and Intelligent Systems, 11 (2001), 161–165.

[7] A. I. EL-MAGHARABI, A. M. MUBARKI Z-open sets and Z-continuity in topological spaces,
International Journal of Mathematical Archive, 2(10) (2011), 1819–1827.

[8] F. M. MOHAMMED, A. GHAREEB: More on generalized b-closed sets in double fuzzy topo-
logical spaces, Songklanakarin J. Sci. Technol., 38(1) (2016), 99–103.

[9] P. PERIYASAMY, V. CHANDRASEKAR, G. SARAVANAKUMAR, A. VADIVEL: Fuzzy e-closed
and generalized fuzzy e-closed sets in double fuzzy topological spaces, JETIR, 6(3) (2019),
34–40.

[10] A. A. RAMADAN, S. E. ABBAS, A. EL-LATIF: Compactness in intuitionistic fuzzy topolog-
ical spaces, Int. J. of Math. and Mathematical Sciences, 1 (2005), 19–32.

[11] S. DEVI SATHAANANTHAN, A. VADIVEL, S. TAMILSELVAN, G. SARAVANAKUMAR: Gen-
eralized Fuzzy Z Closed Sets in Double Fuzzy Topological Spaces, submitted.

[12] A. M. ZAHRAN, M. A. ABD-ALLAH, A. GHAREEB Several types of double fuzzy irresolute
functions, International J. of Computational Cognition, 8(2) (2010), 19–23.



1904 S. DEVI SATHAANANTHAN, A. VADIVEL, S. TAMILSELVAN, AND G. SARAVANAKUMAR

DEPARTMENT OF MATHEMATICS

EASTERN UNIVERSITY, VANTHARUMOOLAI

CHENKALADY, SRI LANKA

DEPARTMENT OF MATHEMATICS

GOVERNMENT ARTS COLLEGE (AUTONOMOUS), KARUR-639005, TAMIL NADU

DEPARTMENT OF MATHEMATICS

ANNAMALAI UNIVERSITY

ANNAMALAINAGAR-608002, TAMIL NADU, INDIA

MATHEMATICS SECTION (FEAT)
ANNAMALAI UNIVERSITY

ANNAMALAINAGAR-608002, TAMIL NADU, INDIA

DEPARTMENT OF MATHEMATICS

M. KUMARASAMY COLLEGE OF ENGINEERING(AUTONOMOUS)
KARUR-639113, TAMIL NADU, INDIA


