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Some Fixed Point Results on Intuitionistic Fuzzy Metric
Spaces with a Graph
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ABSTRACT. In 2006, Espinola and Kirk made a useful contribution
on combining fixed point theory and graph theory. Recently, Reich
and Zaslavski studied a new inexact iterative scheme for fixed points
of contractive and nonexpansive multifunctions. In this paper, by
using the main idea of their work and the idea of combining fixed
point theory on intuitionistic fuzzy metric spaces and graph theory,
we present some iterative scheme results for G-fuzzy contractive
and G-fuzzy nonexpansive mappings on graphs.

1. INTRODUCTION

the Banach contraction principle was proved on 1922, [6]. The fixed
point results for different kinds of contractions are of great interest for
fixed point theorists on some spaces such as quasi-metric spaces [9, 24,
cone metric spaces [4, B3], partially ordered metric spaces [, B, 34],
Menger spaces [29] and fuzzy metric spaces [20, 22, 28]. The concept
of fuzzy sets introduced by Zadeh in 1965 [A1]. In 1975, Kramosil and
Michalek introduced the notion of fuzzy metric spaces [28] and George
and Veeramani modified this concept in 1994 [21]. They also defined the
notion of Hausdorff topology in fuzzy metric spaces [Z1]. This notion
has very important applications in quantum particle physics particularly
in connection with both string and E-infinity theory which introduced
by El Naschie and Sigalotte [[3-16, I8, BY]. Motivated by the poten-
tial applicability of fuzzy topology to quantum particle physics, Park
introduced the notion of intuitionistic fuzzy metric spaces [31]. Actu-

ally, Park’s notion is useful in modeling of some phenomena where it is
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necessary to study the relationship between two probability functions.
Some authors have introduced and discussed several notions of intuition-
istic fuzzy metric spaces in different ways [2, §, [0]. Grabiec obtained a
fuzzy version of the Banach contraction principle in fuzzy metric spaces
in Kramosil and Michalek’s sense [20] and since then many authors have
proved fixed point theorems in fuzzy metric spaces [T, 27, B0, 32].

It is known that combining some branches is a typical activity in
different fields of science specially in mathematics. In 2005, Echenique
gave a short and constructive proof of an extension of Tarski’s fixed
point theorem which is important in the theory of games [12]. In 2006,
Espinola and Kirk provided useful results on combining fixed pint theory
and graph theory [T9]. In 2008 and 2009, Jachymski continued this
idea by using a different view [23, 25]. Then, Beg, Butt and Radojevié
obtained some results in 2010 [[7] in the same direction. In this paper,
we present some iterative scheme results for G-fuzzy contractive and
G-fuzzy nonexpancive maps on graphs.

2. PRELIMINARIES

In this section, we aim to present our main results.
At the first, we recall some basic notions.

Definition 2.1 ([88]). A binary operation * : [0,1] x [0,1] — [0,1] is
called a continuous t-norm whenever it satisfies the following conditions:
(a) * is commutative and associative,
(b) * is continuous,
(¢) a*x1=aforall a€l0,1],
(d) axb<cxdfor all a,b,c,d € [0,1] with a < c and ¢ < d.

For example, a * b = ab, a * b = min{a, b}, a x b = max{a + b — 1,0}

and
ab

max{a, b, \}’
for 0 < A < 1 are continuous ¢-norms.

axb=

Definition 2.2 ([8R]). A binary operation ¢ : [0,1] x [0,1] — [0,1] is
called a continuous t-conorm whenever it satisfies the following condi-
tions:

(a) ¢ is commutative and associative,

(b) ¢ is continuous,

(¢) a®0 =a for all a € [0,1],

(d) adb < ¢Qd whenever a < ¢ and ¢ < d, and a,b,c,d € [0,1].

For example, a0b = min{a+b, 1} and a(Ob = max{a, b} are continuous
t-conorms.
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Definition 2.3 ([31]). A 5-tuple (X, M, N,*,¢) is said to be an intu-
itionistic fuzzy metric space whenever X is a set, % is a continuous t-
norm, < is a continuous t-conorm and M, N are fuzzy sets on X2 x [0, 00)
satisfying the following conditions:
(i) M(z,y,t) + N(z,y,t) <1,

(1’, Y, 0) =0,
( t) =1 for all ¢t > 0 if and only if x =y,
(z,y,t) = M(y,z,1),
(x,y,t)xM(y,z,s) < M(x,z,t+s) forall z,y,z € X, s,t > 0,
(a:,y, .) :[0,00) — [0, 1] is continuous,
imy_yoo M(z,y,t) =1 for all z,y € X,
z,y,0) =1,

y,t) =0 for all ¢ > 0 if and only if z =y,
xay7t) = N(y,.%',t),

y,t)ON(y,z,8) > N(x,z,t+s) for all z,y,z € X, s,t >0,
(x,y,.) : [0,00) = [0,1] is continuous,
(xiii) limyoo N(z,y,t) =0 for all z,y € X.

)
EERAEESSSEE
EXRXRXRR

22222

Then (M, N) is called an intuitionistic fuzzy metric on X. For an
intuitionistic fuzzy metric space (X, M, N, *, ), define
B(z,r,t)={ye X : M(z,y,t) >1—r,N(z,y,t) <r},
for all ¢ > 0 and 0 < r < 1. Denote the generated topology by the
sets B(x,r,t) by T(ar,n)- A sequence {x,} in (X, M,N,x*,Q) is said to
be Cauchy whenever for each ¢ > 0 and ¢t > 0, there exists a natural
number ng such that M(x,,zm,,t) > 1 —¢c and N(zy,,zm,t) < € for

all n,m > ng. Also, (X, M, N,x,0Q) is called complete whenever every
Cauchy sequence is convergent with respect 7(7,ny.-

Definition 2.4 ([40]). Let A be a nonempty subset of an intuitionistic
fuzzy metric space (X, M,N,*,¢Q). For x € X and t > 0, we define
M(z, A t) =sup{M(z,a,t):a € A}.

)-

Definition 2.5 ([I1]). Let (X, M, N, %, {) be an intuitionistic fuzzy met-
ric space. The fuzzy metric (M, N) is triangular whenever

S S N DU L YU S

M(x7 y’ t) a M(x7 z? t) M(z’ y? t) ’
and N(z,y,t) < N(z,z,t) + N(z,y,t) for all z,y,z € X and t > 0.

Definition 2.6 ([22]). A sequence {x,} in an intuitionistic fuzzy met-
ric space (X, M, N, x,{) is called an intuitionistic fuzzy contractive se-
quence if there exists 0 < k < 1 such that

1

1
—1<k|l———-1],
M(xn—&-lv Tn+2; t) B <M($n’ Tn+1, t) >
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and N(zp41,Tnt2,t) < EN(zy, p41,t) for all n and ¢ > 0.

Lemma 2.7 ([27)). Let (X,M,N,x,0) be a triangular intuitionistic
fuzzy metric space and {x,} an intuitionistic fuzzy contractive sequence
in X. Then {x,} is a Cauchy sequence.

Definition 2.8 ([33]). Let (X, M, N, x, {) be an intuitionistic fuzzy met-
ric space. A selfmap f on X is said to be intuitionistic fuzzy contractive
whenever there exists k € (0, 1) such that N(f(z), f(y),t) < kN (z,y,t)

and
1

1
_ el —
e < (e L)
for all z,y € X and ¢t > 0.

3. MAIN RESULTS

Let (X, M, N,*,{) be an intuitionistic fuzzy metric space and A =
X x X. Consider a directed graph G such that the set V(G) of its vertices
coincides with X and the set E(G) of its edges contains all loops, that
is, A C E(G). We assume that G has no parallel edges. By G~!
we denote the conversion of the graph G, that is, the graph obtained
from G by reversing the direction of the edges. Also, G denotes the
undirected graph obtained from G by ignoring the direction of the edges.
We say that a mapping f : X — X preserves the edges of G whenever
(z,y) € E(G) implies (fz, fy) € E(G) for all z,y € X. Also, a mapping
f X — X is called a G-fuzzy contraction whenever f preserves the
edges of G and there exists an a € (0, 1) such that

1 1
W g =0 e
and f is called a G-fuzzy nonexpansive whenever in the above equation
a =1 for all (z,y) € E(G). If f is a G-fuzzy contraction (resp. G-
fuzzy nonexpansive), then f is a G-fuzzy contraction (resp. G-fuzzy
nonexpansive) [24].

Example 3.1 ([25]). Each Banach contraction is a Gy-contraction,
where the graph G is defined by E(Gp) = X x X.

Definition 3.2. Let z and y be two vertices in a graph G. A path in
G from z to y of length n is a sequence {z;}}", of n+1 distinct vertices
such that g = z, x, = y and (z;,x;41) € E(G) foralli =0,1,...,n—1.

We denote by r(x,y), the sum of the edges distances between x and
y, that is,

n
1
— ¢ Ey7r
r(x,y) ; [M(:L‘i_h«??iat) 7
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for all £ > 0. A graph G is connected if there exists a path between any
two vertices, and G is weakly connected if G is connected. We denote
by [z]c the set of all vertices in G so that there exists a path between x
and those.

Now, we are ready to state and prove our main results. We say
that G is a (C)-graph whenever for each sequence {zp}n>0 in X with
zp — = and (T, Tnt1) € E(G) for all n > 0, there exists a subsequence
{zn, }k>0 such that (x,,,z) € E(G) for all £ > 0 [25]. We say that G
is a (P)-graph whenever {z,},>0 is a convergent sequence to a point z
and z,, € [z]q for all n > 0, we have r(z,,2) — 0. Now by providing the
following examples, we show that the notions are independent on infinite
graphs. Of course, it is normal that we deal infinite graphs because we
have the notion of the limit here.

Example 3.3 ([3]). Let X = {1 :n>1} UNU{0} via the Euclidean
metric. Define the undirected graph Gy by V(G2) = X and E(G2) =
{(2):n>1}U{(n,0): n>1}. Let , = L for all n > 1. Then z,, — 0,
T € [0]g, while r(z,,0) = 2n — 2 - 0. Hence G5 is not a (P)-graph,
but it G is a (C)-graph.

Example 3.4 ([3]). Let X = {1:n>1}U {\/§1+n tn > 1} U {0} via

the Euclidean metric. Define the undirected graph G3 by V(G3) = X
and

0= {( ) 221)
() el () oo}

Let , = 1 for all n > 1. Then z, — 0 and (2, Ty11) € E(G3) for all
n > 1 while there is no subsequence {z, }r>1 such that (z,,,z) € E(G3)
for all k > 1. Thus, G3 is not a (C)-graph, but it G3 is a (P)-graph.

Theorem 3.5. Let G be a weakly connected (C)-graph of a (P )-graph.
Suppose that T is a G-fuzzy contraction selfmap on X with constant o
and {&;}i>0 is a sequence in (0,00) satisfying

o0
Z g; < 00.
=0

Assume that {T;}i>o0 is a sequence of selfmaps on X such that T; pre-
serves the edges of G, i.e.,

1 E;

S R
M (Tix, Tz, t) <3
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and (Tix, Tix1y) € E(G) forallz € G, 1> 0,t >0 and (x,y) € E(G).
Let xy € X and zi41 = Tix; for all i > 0. Then {x;}i>0 converges to a
fized point of T.

Proof. Since [wo]s = X, Toxg € [20]g, so there exists a path {%}{\;0
from x¢ to x1. Now, we show that there exists a path from z; to x;41 for
all 4. Put x = 29 and y = 7 and take ¢ = 0. By using the assumption,
we get (T1Toxo, ToThy1) € E(G). By continuing this process and using
induction, we conclude that

(Ti1 - - - ThToxo, T - - - ToTim) € E(G),

for all ¢ > 1. Thus, (x;,T;---ToT1v1) € E(G) for all i. Now, it is easy
to see that

v, LiTi 1T, Ty - Tiye, -, TiTi1 - - TiyN—1, Ty 1,

is a path from x; to ;1 for all i. Since T is a G-fuzzy contraction, for
each 7 > 1 we have

1
r(x, i =1 -1
( 7 Z+1) |:<M($i,ﬂ—1ﬂ—2 .. 'TO’}/lyt) )

1
+ —1
<M(Tz‘—1Tz’—2 - Toy1, TiTi—1 -+ - Ton, t) )
1
M(TTioq - - Ty, TiTi—1 - - - Tiya, t)

1
R -1
(M(Tiﬂ—l'“Twn—hxiH,t) )]

1
<t|2e o) e
- [EZ 1+@<M(xi—1,7}—2---T0717t) >+€z 1
Cos ( 1 1>+2
E; « N K
TO\MT S Ton, iy Ton, ©) 1

1
+ «
(M(Tz’1 Ty, Tiey -+ Tiye, t)

— 1> +25i

1
( 1)
M(Ti-1 - Tiyn—1, Tis t)
=3e;,_1+ (2N - l)e’fi + CW'(.%i_l, xz)

Thus, r(z1,22) < ar(zg,x1) + 3¢0 + (2N — 1)e; and so

r(ze,x3) < 3e1 4+ (2N — 1)eg + ar(z1, x2)
< a®r(zo, 1) + (30 + (2N — 1)ey) + 31 + (2N — 1)en.
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Also, by induction for each n > 1 we have
n—1 .
r(Tn, Tpy1) < a"r(xo,z1) + Z a'(Bep—i—1+ (2N — D)ep—i).
i=0
Hence,

1 En En+1 < 1 )
-1<—+ +a|l——7-—"—-1
M (xpi1, Tnia,t) t t M (xp, Tpy1,t

En En+1

t t
En | €
< 7” + nTH + " (2o, 1)

n—1

+ Z & (Benis1 4+ (2N — Depy).

IN

+ ar(zy, Tni1)

Therefore we obtain

2. (M( : ' 1) < DG+ e, m)

xn+1axn+27

n=0 n=0
n—1
+3 " ot (Bep—ir + (2N — Den—y)
1=0
e €
= Z(Tn + nTH +a" r(ao,21))
n=0

o'} e, e} Enit oo -
o DI D DT
n=0 n=0 n=0
)
—|—Z Zoﬂ 3ei-1 + (2N — 1))
=1 j=1
= En = En+1
< -n
< t+§:t
n=0 n=0
+Zan+1l o, 21) +Z 3en_ 1+(2N—1)5n)]
n=1
< 0.

Thus, {z,} is a Cauchy sequence and so there exists x, € X such that
Ty — Ty If G is a (P)-graph, then we have

1 1
- < 1
M (s, Ty, t) - <M(x*,xn+1,t) ) * <M($n+1,Tx*,t) )
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< (s ) (7 )
M($*axn+1a ) M($n+1,T]In,t)

* (M(Txn,Tx*,

+
)
: <M($*,xn+1a t) )4—:
)

T <M (T, T, T

In this case, we get Tz, = x4 because z,, € [.]z for all n. Now, suppose
that G is a (C)-graph. Since (y, Zp4+1) € E(G) for all n, there exists a
subsequence {z, }r>0 such that (z,,,z.) € E(G) for all k£ > 0. Thus,

1
-5 1)+ (i -1)
M (s, Ty, t) M(x*,xnkH, wnkH,Tx*, t)
- -1)+ 1)
M($*,$nk+1, M Tnkxnk7T$*7 )
< ( -1)+( -1)
M(x*yxnk—‘rl? M Tnkxnkminka )
—1
* <M(Txnk,Tx*, )
1 En
< 1)+ ==
<M(:L'*,l‘nk+1,t) )
-1
+a<M(wnk7$*7 >
In this case, we conclude that Tx, = x,. O

Theorem 3.6. Let G be a weakly connected graph such that for each x,
y € X we have

- 1=

M(z,y,t) t
Let T : X — X be a G-fuzzy nonexpansive mapping such that T pre-
serves the edges of G, {€;}2, is a sequence in (0,00) with

o
E €; < 00,
1=0

and F is a nonempty subset of X. Assume that {T};}i>0 is a sequence of
selfmaps on X such that

1 r(z,y)

; —1< i
M (Tix, Tz, t) t’



SOME FIXED POINT RESULTS ON INTUITIONISTIC FUZZY METRIC ... 149

and (Tix,T,) € E(G) for allz € G, i > 0 and (z,y) € E(G). Let xo,
to € X. If the sequence {xi11 = T'z;}32, satisfies

lim

— 1] =0
1—00 |:M($i,F,t) :| ’

then
1

150
M(t;, F\t) ’
where {tiy1 = Titi }32,.

Proof. Let 6 > 0 be given. Choose a natural number p such that
St
—~ "
i=p

Since [tpy1]a = X, xpp1 = Txp € [tpy1]s. Thus, there exists a path
between t,1 and zp+1. Let k > p. If {7;}Y be a path from t,,; to
Tp+1, then it is easy to see that for each k > p + 1, ¢, Th=@+1),
Tkt Th=0+tD~ N 2y is a path between ¢ and zj,. But
1 €k 1
1<k g ~1),
M(TpAs, TH-PHD A1) 7 (M(Aj,Tk—(p+1)Aj+1,t) )

for all (A\j, A\j+1) € E(G) and k > p+ 1. Thus,

1
t =1 -1
7”( k,wk) |:<M(tk,Tk_(p+1)’Yl,t) )
1

" <M(Tk_(p+1)’717 Tk—(p+1)72’ t) - 1)

1
e -1
e (M(Tk_(P+1)7N_1,xk,t) ﬂ

Ek—1 1
<t —1
B [ £ <M(tk1,T’“‘(p+1)‘1'yl,t) )
1

+ (M(Tk—(p-i—l)—l,.yl,Tlc—(p-i—l)—l,m’t) - 1)

1
TR ~1
(M(T'“_(HI)_I’YN—kaht) )]
= g1 + 7(tp—1, Th—1)-

Now by using induction, we can show that

k
r(tg, xg) < Zei — €k
i=p
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Choose g > p such that

1 1 < 0
M (zy, F,t) 2’

for all k > ¢q. Then, for each k > g we have

1 1
— 1< -1
M(tka’t) M(tk,l‘k, ﬂ?k,F t

§§+ggé

This shows that

10.

1

—— —1—0.
M(tlvFat)
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