
AIP Conference Proceedings 2086, 030009 (2019); https://doi.org/10.1063/1.5095094 2086, 030009

© 2019 Author(s).

Some notes on soft D–metric spaces
Cite as: AIP Conference Proceedings 2086, 030009 (2019); https://doi.org/10.1063/1.5095094
Published Online: 02 April 2019

Cigdem Gunduz Aras, Sadi Bayramov, and Murat Ibrahim Yazar

ARTICLES YOU MAY BE INTERESTED IN

On variations on quasi Cauchy sequences in metric spaces
AIP Conference Proceedings 2086, 030012 (2019); https://doi.org/10.1063/1.5095097

Conceal secret letter using 2D wavelet packet
AIP Conference Proceedings 2086, 030007 (2019); https://doi.org/10.1063/1.5095092

Binary operation graphs
AIP Conference Proceedings 2086, 030008 (2019); https://doi.org/10.1063/1.5095093

https://images.scitation.org/redirect.spark?MID=176720&plid=1007002&setID=379066&channelID=0&CID=326227&banID=519819897&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=c8cb03c97b3f5e91ec664fab291d633b073d9eec&location=
https://doi.org/10.1063/1.5095094
https://doi.org/10.1063/1.5095094
https://aip.scitation.org/author/Aras%2C+Cigdem+Gunduz
https://aip.scitation.org/author/Bayramov%2C+Sadi
https://aip.scitation.org/author/Yazar%2C+Murat+Ibrahim
https://doi.org/10.1063/1.5095094
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.5095094
https://aip.scitation.org/doi/10.1063/1.5095097
https://doi.org/10.1063/1.5095097
https://aip.scitation.org/doi/10.1063/1.5095092
https://doi.org/10.1063/1.5095092
https://aip.scitation.org/doi/10.1063/1.5095093
https://doi.org/10.1063/1.5095093


Some notes on soft D− metric spaces

Cigdem Gunduz Aras1a), Sadi Bayramov2,b) and Murat Ibrahim Yazar3,c)

1Department of Mathematics, Kocaeli University, Turkey.
2Department of Algebra and Geometry, Baku State University, Azerbaican.

3Department of Mathematics and Science Education, Karamanoglu Mehmetbey University, Turkey.

a)Corresponding author:caras@kocaeli.edu.tr
b)baysadi@gmail.com
c)myazar@kmu.edu.tr

Abstract. In this paper, we define soft D− metric spaces and give some fundamental definitions. In addition to this, we define a
soft Δ− distance on a complete soft D− metric.
Keywords: Soft set, generalized soft D− metric space, soft Δ− distance

INTRODUCTION

There are various type of generalization of metric spaces. Bapure Dhage [7] introduce a new class of generalized
metrics called D−metrics. Using the concept of D−metric, Y.J.Cho and R. Saadati [5] defined a Δ−distance on a
complete D−metric space which is a generalization of the concept of ω−distance due to Kada, Suzuki and Takahashi
[13]. The topology of D−metric spaces was studied by S.V.R.Naidu et all.[17].

Metric space is one of the most important space in mathematic. There are various type of generalization of metric
spaces. Bapure Dhage [7] in his PhD thesis [1992] introduce a new class of generalized metrics called D−metrics.
In a subsequent series of papers Dhage attempted to develop topological structures in such spaces. Also he claimed
that D−metrics provide a generalization of ordinary metric functions. Using the concept of D−metric, Y.J.Cho and R.
Saadati [5] defined a Δ−distance on a complete D−metric space which is a generalization of the concept ofω−distance
due to Kada, Suzuki and Takahashi [13]. Later S.V.R.Naidu et. al. [17] researched topology of D−metric spaces.
Gunduz et. al. [11] studied soft contractive mappings on soft D−metric space.

After Molodtsov [16] initiated a novel concept of soft set theory, the study of soft metric space which is based on
soft point of soft sets was initiated by Das and Samanta [6]. Yazar et al. [20] examined some important properties of
soft metric spaces and soft continuous mappings. Later Gunduz Aras at al. [9], [10] defined soft S−metric spaces and
give some fixed point theorems on this spaces. Theoretical studies of soft topological spaces have also been researched
by some authors in [19] [3], [4], [8], [12], [15], [18], [21], [22], etc.

In this study, we define soft D− metric spaces and give some fundamental definitions. In addition to this, we
define a soft Δ− distance on a complete soft D− metric.
Keywords:
Soft set, generalized soft D− metric space, soft Δ− distance

Preliminaries

In this section, we briefly recall some important basic definitions of soft set theory which serve a background to this
paper. Throughout this paper, let X be an universe set, E be a non-empty set of all parameters, P(X) be the power set
of X.
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Definition 1 [16] A pair (F, E) is called a soft set over X, where F is a mapping given by F : E → P(X).
In other words, the soft set is a parameterized family of subsets of the set X. For a ∈ E, F(a) may be considered

as the set of a−elements of the soft set (F, E), or as the set of a−approximate elements of the soft set.

Definition 2 [19] Let τ̃ be the collection of soft sets over X, then τ̃ is called a soft topology on X if the following
conditions are satisfied:

1) Φ, X̃ belong to τ̃;
2) the union of any number of soft sets in τ̃ belongs to τ̃;
3) the intersection of any two soft sets in τ̃ belongs to τ̃.
The triplet (X, τ̃, E) is called a soft topological space over X. Then members of τ̃ are said to be a soft open sets

in X.

Definition 3 [19] Let (X, τ̃, E) be a soft topological space over X. A soft set (F, E) over X is said to be a soft
closed set in X, if its complement (F, E)c belongs to τ̃.

Definition 4 [19] Let (X, τ̃, E) be a soft topological space over X and (F, E) be a soft set over X. Then the soft
closure of (F, E), denoted by (F, E) , is the intersection of all soft closed super sets of (F, E). Clearly (F, E) is the
smallest soft closed set over X which contains (F, E).

Definition 5 ([2],[6]) Let (F, E) be a soft set over X. The soft set (F, E) is called a soft point, denoted by (xa, E) ,
if for the element a ∈ E, F(a) = {x} and F(a′) = ∅ for all a′ ∈ E − {a} (briefly denoted by xa).

It is obvious that each soft set can be expressed as union of all soft points belonging to it. For this reason, to give
the family of all soft sets on X it is sufficient to give only soft points on X.

Definition 6 [2] Two soft points xa and yb over a common universe X, we say that the soft points are different if
x � y or a � b.

Definition 7 [2] The soft point xa is said to be belonging to the soft set (F, E), denoted by xa∈̃(F, E), if xa (a) ∈
F (a) ,i.e., {x} ⊆ F (a) .

Definition 8 [6] Let R be the set of all real numbers, B (R) be the collection of all non-empty bounded subsets of
R and E be taken as a set of parameters. Then a mapping F : E → B (R) is called a soft real set. It is denoted by
(F, E). If a soft real set is a singleton soft set, it will be called a soft real number and denoted r̃, s̃ etc. Here r̃, s̃ will
denote a particular type of soft real numbers such that r̃ (a) = r, for all a ∈ E. For instance, 0̃ and 1̃ are the soft real
numbers where 0̃ (a) = 0, 1̃ (a) = 1 for all a ∈ E respectively.

Definition 9 [6] Let r̃, s̃ be two soft real numbers, then the following statement are hold:
(i) r̃≤̃s̃, if r̃ (a) ≤ s̃ (a) , for all a ∈ E,
(ii) r̃≥̃s̃, if r̃ (a) ≥ s̃ (a) , for all a ∈ E,
(iii) r̃<̃s̃, if r̃ (a) < s̃ (a) , for all a ∈ E,
(iv) r̃>̃s̃, if r̃ (a) > s̃ (a) , for all a ∈ E.

Definition 10 [7] Let X be a non-empty set. A function D : X3 → [0,∞) is called a D−metric if the following
conditions are satisfied:

(1) D (x, y, z) ≥ 0 for all x, y, z ∈ X and equality holds if and only if x = y = z,
(2) D (x, y, z) = D (x, z, y) = D (y, x, z) = ...
(3) D (x, y, z) ≤ D (x, y, u) + D (x, u, z) + D (u, y, z), for all x, y, z, u ∈ X.
Then the pair (X,D) is called an D− metric space.

Soft D−Metric Spaces

In this section, we introduce the definition of soft D− metric spaces, soft Δ−distance function, from the family of all
soft points of a soft set to the set of all non-negative soft real numbers. Later, we study some important results of them.
Also, we give some important concepts such as converge, Cauchy sequence, soft complete on soft D− metric spaces.

Let X̃ be the absolute soft set, E be a non-empty set of parameters and S P(X̃) be the collection of all soft points of X̃.
Let R(E)∗ denote the set of all non-negative soft real numbers.
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Definition 11 A mapping D : S P(X̃) × S P(X̃) × S P(X̃) → R(E)∗ is called a soft D− metric on the soft set X̃ that
D satisfies the following conditions, for each soft points xa, yb, zc, ud ∈ S P(X̃),

D1) D (xa, yb, zc) ≥ 0̃,and equality holds if and only if xa = yb = zc.(coincidence)
D2) D (xa, yb, zc) = D (yb, xa, zc) = D (xa, zc, yb) = ...(symmetry)
D3)D (xa, yb, zc) ≤ D (xa, yb, ud) + D (xa, ud, zc) + D (ud, yb, zc) .

Then the soft set X̃ with a soft D− metric is called a soft D− metric space and denoted by
(
X̃,D, E

)
.

Definition 12 Let
(
X̃,D, E

)
be a soft D− metric space.

(a) A soft sequence
{
xn

an

}
in
(
X̃,D, E

)
converges to a soft point xb ∈ S P(X̃) if for each ε̃ > 0̃, there exists n0 ∈ N

such that, for all n,m ≥ n0, D
(
xn

an
, xm

am
, xb

)
< ε̃ .

(b) A soft sequence
{
xn

an

}
in
(
X̃,D, E

)
is called a Cauchy sequence if for ε̃ > 0̃, there exists n0 ∈ N such that, for

all m > n, p ≥ n0, D
(
xn

an
, xm

am
, xp

ap

)
< ε̃ .

(c) The soft D− metric space
(
X̃,D, E

)
is said to be complete if every Cauchy sequence is convergent.

Definition 13 Let X̃ be a soft D− metric space with soft metric D. Then a mapping Δ : S P(X̃)×S P(X̃)×S P(X̃)→
R(E)∗ is called a soft Δ− distance on the soft set X̃ if the following conditions are satisfied:

(1) Δ (xa, yb, zc) ≤ Δ (xa, yb, ud) + Δ (xa, ud, zc) + Δ (ud, yb, zc) for all soft points xa, yb, zc, ud ∈ S P(X̃),
(2) for any xa, yb ∈ S P(X̃),Δ (xa, yb, .) : S P(X̃)→ R(E)∗ is soft continuous,
(3) for any ε̃ > 0̃, there exists δ̃ > 0̃ such that Δ (ud, xa, yb) ≤ δ̃,Δ (ud, xa, zc) ≤ δ̃ and Δ (ud, yb, zc) ≤ δ̃ imply that

Δ (xa, yb, zc) ≤ ε̃.
Example 1 Let X be a non-emty set and E ⊂ R be a non-emty set of parameters. Let (X, d∗) be an ordinary metric
on X. Therefore d∗s (xa, yb) = |a − b| + d∗ (x, y) is a soft metric. It is clear that

D (xa, yb, zc) = max
{
d∗s (xa, yb) , d∗s (yb, zc) , d∗s (xa, zc)

}
(1)

is a soft D− metric for all soft points xa, yb, zc ∈ S P(X̃). Then Δ = D is a soft Δ− distance on the soft set X̃.
For the soft D− metric space conditions (1) and (2) are clear. We want to show only the condition (3). Let ε̃ > 0̃

be given and put δ̃ = ε̃. If Δ (ud, xa, yb) ≤ δ̃,Δ (ud, xa, zc) ≤ δ̃ and Δ (ud, yb, zc) ≤ δ̃, we have d∗s (xa, yb) ≤ δ̃, d∗s (yb, zc)

and d∗s (xa, zc) ≤ δ̃, which implies that D (xa, yb, zc) ≤ δ̃ = ε̃.

Theorem 1 Let
(
X̃,D, E

)
be a soft D− metric space and Δ− be a soft distance on the soft set X̃. Let

{
xn

an

}
and
{
yn

bn

}
be two soft sequences in X̃ and {α̃n} ,

{
β̃n

}
and {̃γn} be sequences in R(E)∗ converging to 0̃ and assume that soft points

xa, yb, zc, ud ∈ S P(X̃). Then we have the following statements :

(a) If Δ
(
xn

an
, α̃n, yn

bn

)
≤ α̃n, Δ

(
xn

an
, α̃n, zc

)
≤ β̃n and Δ

(
xn

an
, yn

bn
, zc

)
≤ γ̃n, for any n ∈ N, then D

(
α̃n, yn

bn
, zc

)
→ 0̃.

(b) If Δ
(
xn

an
, xm

am
, xp

ap

)
≤ α̃n, for any p, n,m ∈ N with m < n < p, then

{
xn

an

}
is a Cauchy sequence in

(
X̃,D, E

)
.
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