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Abstract

In this paper, we introduce the concept of fuzzy mappings in Hausdorff fuzzy metric
spaces (in the sense of George and Veeramani (Fuzzy Sets Syst. 64:395-399, 1994)).
We establish the existence of a-fuzzy fixed point theorems for fuzzy mappings in
Hausdorff fuzzy metric spaces, which can be utilized to derive fixed point theorems
for multivalued mappings. We also give an illustrative example to support our main
result.
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1 Introduction

In 1965, Zadeh [1] introduced and studied the concept of a fuzzy set in his seminal pa-
per. Afterward, several researches have extensively developed the concept of fuzzy set,
which also include interesting applications of this theory in different fields such as math-
ematical programming, modeling theory, control theory, neural network theory, stability
theory, engineering sciences, medical sciences, color image processing, etc. The concept
of fuzzy metric spaces was introduced initially by Kramosil and Michalek [2]. Later on,
George and Veeramani [3] modified the notion of fuzzy metric spaces due to Kramosil
and Michalek [2] and studied a Hausdorff topology of fuzzy metric spaces. Recently, Gre-
gori et al. [4] gave many interesting examples of fuzzy metrics in the sense of George and
Veeramani [3] and have also applied these fuzzy metrics to color image processing. Sev-
eral researchers proved the fixed point theorems in fuzzy metric spaces such as in [5-20]
and the references therein. In 2004, Lépez and Romaguera [21] introduced the Hausdorff
fuzzy metric on a collection of nonempty compact subsets of a given fuzzy metric spaces.
Recently, Kiany and Amini-Harandi [22] proved fixed point and endpoint theorems for
multivalued contraction mappings in fuzzy metric spaces.

On the other hand, Heilpern [23] first introduced the concept of fuzzy contraction map-
pings and proved a fixed point theorem for fuzzy contraction mappings in a complete
metric linear spaces, which seems to be the first to establish a fuzzy analog of Nadler’s
contraction principle [24]. His work opened an avenue for further development of fixed
point in this direction. Many researchers used different assumptions on various kinds of
fuzzy mappings and proved several fuzzy fixed point theorems (see [25-35]) and refer-
ences therein.
©2014 Phiangsungnoen et al,; licensee Springer. This is an Open Access article distributed under the terms of the Creative Com-
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To the best of our knowledge, there is no discussion so far concerning the fuzzy fixed
point theorems for fuzzy mappings in Hausdorff fuzzy metric spaces. The object of this
paper is to study the role of some type of fuzzy mappings to ascertain the existence of fuzzy
fixed point in Hausdorff fuzzy metric spaces. We also present some relation of multivalued
mappings and fuzzy mappings.

2 Preliminaries
Firstly, we recall some definitions and properties of an «-fuzzy fixed point.

Let X be an arbitrary nonempty set. A fuzzy set in X is a function with domain X and
values in [0,1]. If A is a fuzzy set and x € X, then the function-value A(x) is called the grade
of membership of x in A. F(X) stands for the collection of all fuzzy sets in X unless and
until stated otherwise.

Definition 2.1 Let X and Y be two arbitrary nonempty sets. A mapping 7 from the set X
into F(Y) is said to be a fuzzy mapping.

If X is endowed with a topology, for « € [0,1], the -level set of A is denoted by [A], and
is defined as follows:

Al ={xeX:A®) > a}; «€(0,1],
and

[Alo = {xe X:AW) > 0},
where B denotes the closure of B in X.

Definition 2.2 Let X be an arbitrary nonempty set, T be fuzzy mapping from X into F(X)
and z € X. If there exists « € [0,1] such that z € [7%],, then a point z is called an «a-fuzzy
fixed point of T

The following notations as regards ¢t-norm and fuzzy metric space will be used in the
sequel.

Definition 2.3 ([36]) A binary operation * : [0,1]> — [0,1] is a continuous z-norm if it
satisfies the following conditions:

(T1) = is associative and commutative,

(T2) * is continuous,

(T3) ax1=aforallae]0,1],

(T4) a*xb <c+dwhenevera<candb <dforalla,b,c,dc[0,1].

Examples of a continuous ¢-norm are Lukasievicz £-norm, that is, a x; b = max{a + b —
1,0}, product ¢-norm, that is, @ *p b = ab and minimum ¢-norm, that is, a *3; b = min{a, b}.
The concept of fuzzy metric space is defined by George and Veeramani [3] as follows.

Definition 2.4 ([3]) Let X be an arbitrary nonempty set, * be a continuous ¢-norm, and
M be a fuzzy set on X2 x (0,00). The 3-tuple (X, M, *) is called a fuzzy metric space if
satisfying the following conditions, for each x,7,z € X and ¢,5 > 0,
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(M1) M(x,9,t) >0,

(M2) M(x,y,t) =1ifand only if x = y,

(M3) M(x,y,t) = M(y,x,t),

(M4) M(x,y,t) * M(y,z,8) < M(x,2z,t +5),
(M5) M(x,y,-):(0,00) — [0,1] is continuous.

Remark 2.5 It is worth pointing out that 0 < M(x,y,t) <1 (for all £ > 0) provided x # y
(see [37]).

Let (X, M, x) be a fuzzy metric space. For ¢ > 0, the open ball B(x, r, £) with a center x € X
and a radius 0 < r < 1 is defined by

B(x,r,t) = {y e X : M(x,p,8) >1-r}.

A subset A C X is called open if for each x € A, there exist £ > 0 and 0 < r < 1 such that
B(x,r,t) C A. Let T denote the family of all open subsets of X. Then 7 is a topology on X,
called the topology induced by the fuzzy metric M. This topology is metrizable (see [38]).

Example 2.6 ([3]) Let (X,d) be a metric space. Define a * b = ab (or a * b = min{a, b}) for
all 4, b € [0,1], and define M : X* x (0,00) — [0,1] as

M(x,y,t) = —————
Gy ) t+d(x,y)

for all x,y € X and ¢ > 0. Then (X, M, %) is a fuzzy metric space. We call this fuzzy metric
induced by the metric d the standard fuzzy metric.

Now we give some examples of fuzzy metric space due to Gregori et al. [4].
Example 2.7 ([4]) Let X be a nonempty set, f : X — R* be a one-one function and g :

R* — [0,00) be an increasing continuous function. For fixed &, 8 > 0, define M : X? x
(0,00) — [0,1] as

(min{f (x),f ()N + () )’3

Msy,1) = ((maX{f(x),f(y)})“ +g(0)

forallx,y € X and ¢ > 0. Then (X, M, x) is a fuzzy metric space on X where * is the product
t-norm.

Example 2.8 ([4]) Let (X, d) be a metric space and g: R* — [0, 00) be an increasing con-
tinuous function. Define M : X2 x (0, 00) — [0,1] as

(-

M(x,y,t)=e

forallx,y € X and ¢ > 0. Then (X, M, %) is a fuzzy metric space on X where * is the product

t-norm.


http://www.journalofinequalitiesandapplications.com/content/2014/1/201

Phiangsungnoen et al. Journal of Inequalities and Applications 2014, 2014:201 Page 4 of 10
http://www journalofinequalitiesandapplications.com/content/2014/1/201

Example 2.9 ([4]) Let (X,d) be a bounded metric space with d(x,y) < k (for all x,y € X,
where k is fixed constant in (0, 00)) and g : R* — (k, 00) be an increasing continuous func-
tion. Define a function M : X* x (0,00) — [0,1] as

d(x,y)

M(x,y,t)=1- 20

forallx,y € X and ¢ > 0. Then (X, M, ) is a fuzzy metric space on X where * is a Lukasievicz
t-norm.

Definition 2.10 ([3]) Let (X, M, *) be a fuzzy metric space.

(1) A sequence {x,} in X is said to be convergent to a point x € X if
lim,_, 0o M(x,,,%,¢) =1 forall £ > 0.

(2) A sequence {x,}in X is called a Cauchy sequence if, for each 0 < ¢ <1 and ¢ > 0,
there exists ny € N such that M(x,,,x,,,t) > 1 — € for each n,m > ny.

(3) A fuzzy metric space in which every Cauchy sequence is convergent is said to be
complete.

(4) A fuzzy metric space in which every sequence has a convergent subsequence is said
to be compact.

Lemma 2.11 ([6]) Let (X, M, *) be a fuzzy metric space. For all x,y € X, M(x,y,-) is non-
decreasing function.

If (X, M, %) is a fuzzy metric space, then the mapping M is continuous on X? x (0, 00),
that is, if {x,}, {y,} € X are sequences such that {x,} Mxe X, {yu} el y€ X and {¢,} C
(0, 00) verifies {t,} — ¢ € (0,00) then {M(x,, yu, t,)} = M(x,y,t).

Lemma 2.12 ([21]) If (X, M, ) be a fuzzy metric space, then M is a continuous function on
X2 x (0, 00).

In 2004, Rodriguez-Lépez and Romaguera [21] introduced the notion for Hausdorff
fuzzy metric of a given fuzzy metric space (X, M, x) on KCp(X), where IC3;(X) denotes the
set of its nonempty compact subsets.

Definition 2.13 ([21]) Let (X, M, x) be a fuzzy metric space. The Hausdorff fuzzy metric
Hyr : (Ka(X))? x (0,00) is defined by

Hy(A,B,t) := min{ inf (supM(x,y, t)), inf(supM(x,y, t)) ]
x€A yeB YEB\xcu

forall A,Be Ky(X)and ¢ > 0.

Lemma 2.14 ([21]) Let (X, M, x) be a fuzzy metric space. Then the 3-tuple (JCp1(X), Hpr, *)
is a fuzzy metric space.

Lemma 2.15 ([21]) Let (X, M, ) be a fuzzy metric space and t > 0 be fixed. If A and B are
nonempty compact subsets of X and x € A, then there exists a point y € B such that

supM(x, b, t) = M(x,y,t).
beB
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3 Main result
In this section, we establish the existence theorem of fuzzy fixed point for «-fuzzy mapping
in Hausdorff fuzzy metric and reduce our result to metric space. The following lemma is

essential in proving our main result.

Lemma 3.1 Let (X, M, *) be a fuzzy metric space and {x,} is a sequence in X such that for
alln eN,

M(xn+1: Xn+25 kt) > M(xmxrﬁl; t);
where 0 < k < 1. Suppose that

lim *fan(xl,xz,thi) =1 )

n—00

forallt>0andh>1. Then {x,} is a Cauchy sequence.

Proof It follows proof similar to the proof of Lemma 1 of Kiany and Amini-Harandi [22].
Then, in order to avoid repetition, the details are omitted. d

Now we are ready to prove our main result.

Theorem 3.2 Let (X, M, x) be a complete fuzzy metric space and o : X — (0,1] be a map-
ping such that [Tx)y) is a nonempty compact subset of X for all x € X. Suppose that
T : X — F(X) is a fuzzy mapping such that

HM([Tx]a(x)» [Ty]ot(y)rkt) ZM(x,y: t) (2)
forallt >0, where k € (0,1). If there exist xo € X and x; € [Txo]a(xy) SUch that

lim *7°, M (%, %1, h') =1 3)

n—00

forallt>0and h>1,then T has an a-fuzzy fixed point.

Proof We start from xy € X and %1 € [Txo]a(x,) under the hypothesis. From the assump-
tion, we have [Tx;]q(y,) is a nonempty compact subset of X. If [Tx¢]a(xy) = [T%1]a(x;), then
x1 € [Tx1]a(x) and so x; is an a-fuzzy fixed point of T and the proof is finished. Therefore,
we may assume that [7%0]a(xg) 7 [T%1]a(x)- Since x1 € [Txola(xy) and [Tx1]a () is a nonempty
compact subset of X then by Lemma 2.15 and condition (2), there exists x, € [T¥1]o(,) sat-
isfying

M(xy,x0,kt) =  sup M (xl,x/z,kt)

xy €[ Tx1]aay)

> HM([TxO]a(xo): [Txl]a(ﬂq)’ kt)

= M(xo»xly t)

If [Tx1)aq) = [TX2)a(xy), then xo € [Txo]a(xy). This implies that x, is an a-fuzzy fixed point
of T and then the proof is finished. Therefore, we may assume that [Tx]o () 7 [T%2]a(xy)-
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Since x; € [T1]a(x) and [T¥2]q(xy) is @ nonempty compact subset of X, by using Lemma 2.15

and condition (2), there exists x3 € [T¥2]u(x,) satisfying

M(xo,x3,kt) =  sup M (xz,xé,kt)

xée[sz]a(xz)

> Hpyt ([Tx1]aen)s [T%2]a(xy), k)

Z M(xl’xZ: t)'
By induction, we can construct the sequence {x,} in X such that x,, € [Tx,_1]4(x, ;) and
M(xn: Xn+ls kt) 2 M(xn—l; X t)

for all #» € N. From Lemma 3.1, we get {x,} is a Cauchy sequence. Since (X, M, *) is a
complete fuzzy metric space, there exists x € X such that lim,_, « %, = x, which means
lim,,_, oo M(x,,%,t) = 1, for each £ > 0.

Now we claim that x € [Tx] (). Since
HM([Txn]a(xn)r [Tx]a(x)’ kt) = M(xmx’ t)
and lim,,_, oo M(x,%,t) = 1, then for each ¢ > 0, we get

lim HM([Txn]a(xn)r [Tx]a(x): kt) =1 (4‘)

n—00

This implies that

lim  sup M(xml,x’,t):l

n—>00 x’e[Tx]a(x)

and thus there exists a sequence {x,} in [Tx]4(x) such that

lim M (x,,%),t) =1,

n—00

for each ¢t > 0. For each n € N, we have

, , t t
M(x,x,t) > M X s * M X% 5 ).
Since limy,_, oo M(x,, %, %) =1and lim,_, oo M(x,,x, %) =1, we get

lim M(x),x,t) =1,

n—00

that is, lim,,_, o %], = x. It follows from [Tx](x) being a compact subset of X and x/, € [Tx]yx)
that x € [Tx]q (). Therefore, x is an a-fuzzy fixed point of T'. This completes the proof. [J

Next, we apply Theorem 3.2 to «-fuzzy fixed point theorems in metric space. Before we
study the following results, we give the following notation.
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Let (X,d) be a metric space and K(X) denote the collection of all nonempty compact
subsets of X. For A, B € K(X), we denote

H(A,B) := max[sup (in£d(x,y)>, sup(inf d(x,y)) }

xeA V€ yeB €A

The function H is called the Hausdorff metric. Further, it is well known that (XC(X), H) is
a metric spaces.

Corollary 3.3 Let (X, d) be a complete metric space and « : X — (0,1] be a mapping such

that [Tx]y() is a nonempty compact subset of X for all x € X. Suppose that T : X — F(X)
be a fuzzy mapping such that

H([ Tty [TYa) < kd(x,9) (5)
forallt>0,wherek € (0,1). Then T has an a-fuzzy fixed point.

Proof Let (X, M, x) be standard fuzzy metric space induced by the metric d with ax b = ab.
Now we show that the conditions of Theorem 3.2 are satisfied. Since (X, d) is a complete
metric space then (X, M, %) is complete. It is easy to see that (X, M, x) satisfies (3). From
Proposition 3 in [21], for each nonempty compact subset of X, we have

t

Hy(A,B,t) = HAD (6)

By the above equality, we have

kt
Haa((Telaton (et K8) = 1 5o

kt
>
T k(t+d(x,y))
t
>
T t+dxy)
= M(x;y; t)’

for each ¢ > 0 and each x,y € X. Therefore, the conclusion follows from Theorem 3.2. [J
Next, we give an example to support the validity of our results.

Example 3.4 Let X = {1,2,3} and define metricd : X x X — R by

0, x=y,
1

d(x,y) = 3 xFyandxye{l,3},
1, xFyandx,ye(l,2},

x#yandx,y € {2,3}.

Elor
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Itis easy to see that (X, d) is a complete metric space. Denote a* b = ab (or a*b = min{a, b})
forall a,b € [0,1] and

M(x,y,t) = ———
(.5, %) t+d(x,y)

for all x,y € X and ¢ > 0. Then we find that (X, M, ) is a complete fuzzy metric space.
Define the fuzzy mapping T : X — F(X) by

3 —
Zr t= ]-,
(T1)(2) = (T2)(¢)
0, t=2,3
, t=13,

(T3)(1) =

Define o : X — (0,1] by a(x) = % for all x € X. Now we obtain

{1}, x=1,2
3
: (2}, x=3.

For x,y € X, we get

0, x=y,
H({1},{1}) =0, x#yandx=1y=2,

H({1},{2})=1, x#yandxe({1,2},y=3,
H({2},{1}))=1, x#yandx=3,y¢<(1,2}.

H([Tx]3,[Ty]3) =

By a simple calculation, we get
HM([Tx]a(x)» [Ty]ot(y), kt) > M(x,y, t)

for all £ > 0, where k = i. Therefore all conditions of Theorem 3.2 hold and thus we can
claim the existence of a point z € X such that z € [TZ],(,), that is, we have an «-fuzzy fixed

point of T'. Thus z =1 is an «-fuzzy fixed point of T.

Remark 3.5 From Example 3.4, we have
o
H([Tl]%, [T3]%) =H({1},{2}) =1> 3= ad(1,3)

or H([T2]3, [T3]%) =H{1},{2}) =1> 61—‘{‘ = ad(2,3) for all « € [0,1). Therefore, Corol-

3
i
lary 3.3 is not applicable to claim the existence of an o-fuzzy fixed point of T

Here, we study some relations of multivalued mappings and fuzzy mappings. Indeed,
we indicate that Corollary 3.3 can be utilized to derive a fixed point for a multivalued

mapping.
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Corollary 3.6 Let (X,d) be a complete metric space and G : X — K(X) be multivalued
mapping such that for all x,y € X, we have

H(Gx,Gy) <kd(x,y), wherek € (0,1). (7)
Then there exists v € X such that v € Gv.

Proof Let o : X — (0,1] be an arbitrary mapping and 7 : X — F(X) be defined by

alx), teGx,
0, t ¢ Gx.

(Tx)(t) =

By a routine calculation, we obtain
[TX]a() = {t: (Tx)(t) > (x(x)} = Gx.

Now condition (7) becomes condition (5). Therefore, Corollary 3.3 can be applied to ob-
tain v € X such that v € [T'v]y(,) = Gv. This implies that the multivalued mapping G has a
fixed point. This completes the proof. d

4 Conclusions
In the present work we introduced a new concept of fuzzy mappings in the Hausdorff
fuzzy metric space on compact sets, which is a partial generalization of fuzzy contractive
mappings in the sense of George and Veeramani. Also, we derived the existence of a-fuzzy
fixed point theorems for fuzzy mappings in the Hausdorff fuzzy metric space. Moreover,
we reduced our result from fuzzy mappings in Hausdorff fuzzy metric spaces to fuzzy
mappings in metric space.

Finally, we showed some relation of multivalued mappings and fuzzy mappings, which
can be utilized to derive fixed point for multivalued mappings.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors contributed equally to the writing of this paper. All authors read and approved the final manuscript.

Acknowledgements

The authors were supported by the Higher Education Research Promotion and National Research University Project of
Thailand, Office of the Higher Education Commission (NRU2557). Moreover, the third author is grateful to Department of
Mathematics, Faculty of Science, King Mongkut's University of technology Thonburi (KMUTT) for providing the
opportunity for him to attend the International Conference Anatolian Communications in Nonlinear Analysis
(ANCNA2013) which was held in July 2013 in Bolu, Turkey. We are also grateful to Professor Dr. Erdal Karapinar for the kind
hospitality.

Received: 18 November 2013 Accepted: 29 April 2014 Published: 22 May 2014

References
1. Zadeh, LA: Fuzzy sets. Inf. Control 8, 338-353 (1965)
2. Kramosil, I, Michalek, J: Fuzzy metric and statistical metric spaces. Kybernetika 11, 326-334 (1975)
George, A, Veeramani, P: On some results in fuzzy metric spaces. Fuzzy Sets Syst. 64, 395-399 (1994)
. Gregori, V, Morillas, S, Sapena, A: Examples of fuzzy metrics and applications. Fuzzy Sets Syst. 170, 95-111 (2011)
Fang, JX: On fixed point theorems in fuzzy metric spaces. Fuzzy Sets Syst. 46, 107-113 (1992)
. Grabiec, M: Fixed points in fuzzy metric spaces. Fuzzy Sets Syst. 27, 385-389 (1983)
. Gregori, V, Sapena, A: On fixed-point theorems in fuzzy metric spaces. Fuzzy Sets Syst. 125, 245-252 (2002)

NO U AW


http://www.journalofinequalitiesandapplications.com/content/2014/1/201

Phiangsungnoen et al. Journal of Inequalities and Applications 2014, 2014:201
http://www journalofinequalitiesandapplications.com/content/2014/1/201

16.
17.
18.

20.

21.
22.

23.
24,
25.
26.
27.
28.

29.

30.

31
32.
33
34,
35.

36.
37.
38.

. Mihet, D: On the existence and the uniqueness of fixed points of Sehgal contractions. Fuzzy Sets Syst. 156, 135-141

(2005)

. Mihet, D: On fuzzy contractive mappings in fuzzy metric spaces. Fuzzy Sets Syst. 158, 915-921 (2007)

. Liu, Y, Li, Z: Coincidence point theorems in probabilistic and fuzzy metric spaces. Fuzzy Sets Syst. 158, 58-70 (2007)

. Ziki¢, T: On fixed point theorems of Gregori and Sapena. Fuzzy Sets Syst. 144, 421-429 (2004)

. Sintunavarat, W, Kumam, P: Common fixed point theorems for a pair of weakly compatible mappings in fuzzy metric

spaces. J. Appl. Math. 2011, Article ID 637958 (2011)

. Sintunavarat, W, Kumam, P: Common fixed points for R-weakly commuting in fuzzy metric spaces. Ann. Univ. Ferrara

58, 389-406 (2012)

. Chauhan, S, Sintunavarat, W, Kumam, P: Common fixed point theorems for weakly compatible mappings in fuzzy

metric spaces using (JCLR) property. Appl. Math. 3(9), 976-982 (2012)

. Chauhan, S, Alamgir Khan, M, Sintunavarat, W: Common fixed point theorems in fuzzy metric spaces satisfying

¢-contractive condition with common limit range property. Abstr. Appl. Anal. 2013, Article ID 735217 (2013)
Merghadi, F, Aliouche, A: A related fixed point theorem in n fuzzy metric spaces. Iran. J. Fuzzy Syst. 7(3), 73-86 (2010)
Mihet, D: A class of contractions in fuzzy metric spaces. Fuzzy Sets Syst. 161, 1131-1137 (2010)

Roldan, A, Martinez-Moreno, J, Roldén, C, Cho, YJ: Multidimensional coincidence point results for compatible
mappings in partially ordered fuzzy metric spaces. Fuzzy Sets Syst. (2013). doi:10.1016/.fs5.2013.10.009

. Shen, YH, Qiu, D, Chen, W: Fixed point theory for cyclic ¢-contractions in fuzzy metric spaces. Iran. J. Fuzzy Syst. 10(4),

125-133(2013)

Xiao, J-Z, Zhu, X-H, Jin, X: Fixed point theorems for nonlinear contractions in Kaleva-Seikkala's type fuzzy metric
spaces. Fuzzy Sets Syst. 200, 65-83 (2012)

Rodriguez-Lopez, J, Romaguera, S: The Hausdorff fuzzy metric on compact sets. Fuzzy Sets Syst. 147, 273-283 (2004)
Kiany, F, Amini-Harandi, A: Fixed point and endpoint theorems for set-valued fuzzy contraction maps in fuzzy metric
spaces. Fixed Point Theory Appl. 2011, 94 (2011)

Heilpern, S: Fuzzy mappings and fixed point theorems. J. Math. Anal. Appl. 83, 566-569 (1981)

Nadler, SB Jr.. Multivalued contraction mapping. Pac. J. Math. 30(2), 475-488 (1969)

Estruch, VD, Vidal, A: A note on fixed fuzzy points for fuzzy mappings. Rend. Ist. Mat. Univ. Trieste 32, 39-45 (2001)
Frigon, M, O'Regan, D: Fuzzy contractive maps and fuzzy fixed points. Fuzzy Sets Syst. 129, 39-45 (2002)

Azam, A, Beg, I: Common fixed points of fuzzy maps. Math. Comput. Model. 49, 1331-1336 (2009)

Azam, A, Arshad, M, Beg, I: Fixed points of fuzzy contractive and fuzzy locally contractive maps. Chaos Solitons
Fractals 42, 2836-2841 (2009)

Abbas, M, Damjanovi¢, B, Lazovi¢, R: Fuzzy common fixed point theorems for generalized contractive mappings.
Appl. Math. Lett. 23(11), 1326-1330 (2010)

Bose, RK, Roychowdhury, MK: Fixed point theorems for generalized weakly contractive mappings. Surv. Math. Appl. 4,
215-238 (2009)

Lee, BS, Cho, SJ: A fixed point theorem for contractive type fuzzy mappings. Fuzzy Sets Syst. 61, 309-312 (1994)
Rashwan, RA, Ahmed, MA: Common fixed point theorems for fuzzy mappings. Arch. Math. 38, 219-226 (2002)
Rhoades, BE: A common fixed point theorem for a sequence of fuzzy mappings. Int. J. Math. Sci. 18, 447-450 (1995)
Singh, B, Chauhan, MS: Fixed points of associated multimaps of fuzzy maps. Fuzzy Sets Syst. 110, 131-134 (2000)
Turkoglu, D, Rhoades, BE: A fixed fuzzy point for fuzzy mapping in complete metric spaces. Math. Commun. 10,
115-121 (2005)

Schweizer, B, Sklar, A: Statistical metric spaces. Pac. J. Math. 10, 313-334 (1960)

Mihet, D: Fixed point theorems in fuzzy metric spaces using property (E.A). Nonlinear Anal. 73(7), 2184-2188 (2010)
Gregori, V, Romaguera, S: Some properties of fuzzy metric spaces. Fuzzy Sets Syst. 115, 485-489 (2000)

10.1186/1029-242X-2014-201
Cite this article as: Phiangsungnoen et al.: Fuzzy fixed point theorems in Hausdorff fuzzy metric spaces. Journal of
Inequalities and Applications 2014, 2014:201

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com

Page 10 of 10


http://www.journalofinequalitiesandapplications.com/content/2014/1/201
http://dx.doi.org/10.1016/j.fss.2013.10.009

	Fuzzy ﬁxed point theorems in Hausdorff fuzzy metric spaces
	Abstract
	Keywords

	Introduction
	Preliminaries
	Main result
	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgements
	References


