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ABSTRACT. In this paper, we study the existence of fixed points for
mappings defined on complete metric space (X,d) satisfying a general
contractive inequality depended on another funection. This conditions
is analogous of Banach conditions and general contraction condition of

integral type.
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1. INTRODUCTION

The first important result on fixed points for contractive-type mapping was
the well-knownsBanagh’s Contraction Principle appeared in explicit form in
Banach’s thesis in 1922, where it was used to establish the existence of a solution
for an integral equation [1]. In the general setting of complete metric space this
theorem rums as follows (see [4,Theorem 2.1] or [11,Theorem 1.2.2]).

Theorem1l.1. [Banach’s Contraction Principle] Let (X, d) be a complete
metricsspace and f : X — X be a contraction (there exists k € (0,1) such
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that for each x,y € X; d(fx, fy) < kd(x,y)). Then f has a unique fized point
in X, and for each xy € X the sequence of iterates {f™xo} converges to this
fixed point.

After this classical result Kannan in [3] analyzed a substantially new type
of contractive condition. Since then there have been many theorems dealing
with mappings satisfying various types of contractive inequalities. Such con-
ditions involve linear and nonlinear expressions (rational, irrational, and of
general type). The interested reader who wants to know more about this mat-
ter is recommended to go deep into the survey articles by Rhoades [8,9,10] and
Meszaros [6], and into the references therein. Another result on fixed points for
contractive-type mapping is generally attributed to Edelstein (1962) who actu-
ally obtained slightly more general versions. In the general setting of compact
metric spaces this result runs as follows (see [4, Theorem 2.2]).

Theorem 1.2. Let (X,d) be a compact metric space and f : X — X be a
contractive mapping (for every x,y € X such that x £y; d(fr,fy) < d(x,y)).
Then f has a unique fized point in X, and for any xy € X the sequence of
iterates { f"xo} converges to this fixed point.

Also in 2002 A. Branciari [2] analyzed the existence of fixed point for map-
ping f defined on a complete metric space (X, d) satisfying a contractive con-
dition of integral type (see the following theorem).

Theorem 1.3. Let (X, d) be a complete metric space, o € (0,1) and f : X —
X be a mapping such that for each z,y € X, fod(fx’fy) o(t)dt < afod(x’y) o(t)dt,
where ¢ : [0,4+00) — [0, +00] is a-Lebesque-integrable mapping which is sum-
mable (i.e., with finite integral) on each compact subset of [0, +00), nonnegative,
and such that for each ¢ > 0,f0€ o(t)dt > 0; then [ has a unique fized point
a € X such that for each x € X, nllrr;of”x =a.

Fixed point theory has application in Fuzzy system too. For more infor-
mation about Fuzzy system we can see [5] and [7]. The aim of this paper is
to study the existence of fixed point for a mapping f defined on a complete
metric space (X, d) such that it is a Tr — contraction. In particular, we ex-
tend the main theorem due to A. Branciari [2] and introduce a new class of
contractive mappings. First we introduce the Tr — contraction function and
then extended A. Branciari Theorem and Banach-contraction principle, by the
same method for proof of A. Branciari theorem. At the end of paper some
examples and applications concerning this kind of contractions are given. In
the 2002 A. Branciari gave an example [2; Example 3.6] such that it can be
studied with the help of Theorem 1.2. (because X = {1/n: n € N} [J{0}, with
metric induced by R, d(z,y) = |z — y|, is a compact metric space and f is a
contractive mapping). In the end of this paper we give an example such that
we can not study it with Theorem 1.1, Theorem 1.2 and Branciari theorem,
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but we can use the main theorem (Theorem 2.5 ) in this paper. In the sequel,
N will represent the set of natural numbers, R the set of real numbers and R
the set of nonnegative real numbers.

2. DEFINITIONS AND MAIN RESULT

The following theorem (Theorem 2.5) is the main result of this paper. First,
we give some new definitions.

At first we introduce the notation
V.= {F : Ry — Ry : F is nondecreasing continuous from the right and Fﬁl(O) =

{0}}.

Definition 2.1. Let (X, d) be a metric space, let f,7 : X — X be two functions
and let F' € ¥. A mapping f is said to be a Tr — contraction if there exists a € [0, 1)
such that for all z,y € X

F(d(Tfm, Tfy)) < aF(d(Tm, Ty)).

Remark 2.2. By taking Tz = z and F(z) = z, Tr — contraction and contraction
are equivalent. Also by taking Fx = x we can define T'= contraction and by taking
Tz = x we can define Ir — contraction (I is identify/function).

Example 2.3. Let X = [1,400) endowed with the Fuclidean/metric. We consider
two mappings T, f : X — X by Tx = % +1 and fxr =2x. Obviously f is not a
contraction but f is a Tr — contraction where F(x) = x.

Definition 2.4. Let (X,d) be a metric space. A mapping T : X — X is said to be
graph closed if for every sequence {x,} such that lim Tz, = a then for some b € X
Tb = a. For example the identity function on X isngl*;oph closed.

Theorem 2.5. Let (X,d) be a complete metric space, a € [0,1), T, f : X — X be
two mappings such that T is one-to-one and graph closed and f is a Tr — contraction
where F' € V; then f has a unique fized point a € X. Also for every x € X, the
sequence of iterates {Tf"x} converges to Ta.

Proof. Let o € [0,1) such that for all z,y € X

(1) F(dT fz,Tfy)) < oF (d(Tz,Ty)).
So if for a,b > 0; F(a) < aF(b) then a < b. Also

(2) F(e) >0,

for all € >0.

Letra. € X. We break the argument into 4 steps.
Step 14 limy,—oo d(Tf" 'z, Tf™z) = 0.
Proof. Since (1) holds, for all n € N :
F(A(Tf" 2, Tf z)) < " F(d(Tfz,Tx))  (z € X).
As a consequence, since « € [0, 1), we further have

(3) F(d(Tf”+1x,Tf”x)) —0"  as n— oo
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Since (2) and (3) hold
(4) lim d(Tf™" 2, Tfz) = 0.

Step 2. {T'f"z} is a bounded sequence.
Proof. If {Tf"z};>,is an unbounded sequence then, we choose the subsequence
{n(k)}72; such that n(1) = 1 and for each k € N, n(k + 1) is "minimal” in the sense
that
AT g T ®g) > 1

and

ATz, TPy <1Vm=nk)+1,nk) +2,...,n(k+1) — 1.
So, using the triangular inequality

1 < dTft Dy Ty

< d(Tfn(k+l)x,Tfn(k+1)_1x) —I—d(Tfn(k+1)_1x,Tfn(k)I)
(5) < dTfrEt e, T )
Hence, from (4) and (5),
(6) AT g TPy 517 s koo

Using (1) and using the triangular inequality,

1 < dT g 7y
< AT e T )
< Ty Oy e d(T P, T )
(7) < 14+d(Tf W, T,
So from (4) and (7),
(8) d(T Dy Rty 1 as k — 4o,

Since F(d(Tf"(k+l)x,Tf"(k)x)) < ozF(d(Tf"(k"'l)_lac,Tf"(k)_lac))7 F' is continuous
from the right and (6) and (8) hold, F(1) < aF(1). So F(1) = 0 and this is a con-
tradiction.

Step 3. {T'f"z};%, is.a Cauchy sequence.
Proof. Using (1); for/every m,n € N (m > n),

(9) F(d(Tf"z, Tf"z)) < o"F(d(Tf" "z, Tx)).
From step 2, inequality (9) and « € [0, 1),
(10) lim F(dTf™z,Tf"z)) =0

Since £ is nondecreasing and (2) holds lim d(Tf™z,Tf"x) = 0, and this shows
that {T "z}, is a Cauchy sequence.

Step 4. f has a unique fixed point.
Proof. Since {Tf"z}5=, is a Cauchy sequence and T is graph closed there exists
a € X such that lim T f"z = Ta. Also

n—o0

(11) F(A(Tf" 2, Tfa)) < aF (d(Tf"z,Ta)).
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Since d(T f"z,Ta) — 0% we conclude that F(d(Tf"z,Ta)) — 0 as n — +oo.
So, from (11) F(d(Tf**'=,Tfa)) — 0. Hence from (2), lim Tf""'z = T'fa. So
Ta =T fa. Since T is one-to-one a = fa. Therefore f has anfgqoeod point.

Since T is one-to-one and f is a Tr — contraction, f has a unique fixed point. g

3. EXAMPLES AND APPLICATIONS

In this section, we give some applications and some examples concerning these
type of contractive mappings, which clarify the connection between our result and
the classical ones.

Remark 3.1. Theorem 2.5 is a generalization of Banach’s contraction principle (The-
orem 1.1); letting F(z) =z and Tz = x, we have

d(fz, fy)
ad(z,y)
oF (d(Tx, Ty)).

Remark 3.2. Theorem 2.5 is a generalization of thé Branciari theorem (Theorem
1.3); letting Tz =  for each z € X and F(s) = [ ¢(t)dt(obviously F € ¥), so

d(Tfz,Tfy) d(fz,fy)
F(A(T f2, T fy)) = / o(t)dt = /0 o(t)dt
0

d(z,y)
. / (t)dt
0

(T=z,Ty)
= a/d o P(t)dt = aF (d(Txz,Ty)).
0

F(d(Tfz,Tfy))

IA

Using Theorem 2.5, by taking. F'(z)'= z;, we conclude the following theorem which
extends Banach contraction principle.

Theorem 3.3. Let (Xyd) be acomplete metric space and T : X — X be one-to-one
and graph closed. Then for every T — contraction function f : X — X, f has a
unique fized point.

Example 3.4. Let X = [1,400) endowed with the Euclidean metric. Since X is
a closed subset of R, it is a complete metric space. We define T, f : X — X by
Tx =1Inz + 1 and fx'= k\/z, where k > 1 be a fized element of R. Obviously f is
not a contraction butf is a Tr — contraction, where F(t) = t. Therefore, by using
Theorem 2.5, f has a unique fixed point.

The following is our main example which shows that the conditions in Theorem
2.5 is weaker than of Theorems 1.1, 1.2, 1.3 and 3.3.

Example 3.5. Let X := {1 | neN}J{0} endowed with the Euclidean metric.
We consider a mapping f : X — X defined by

1 o1
— ;T =, nisodd
fr= 0 ;=0
1 1

— = n s even
n—1 ? n’
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By takingn = 2 andm =4, | f(1/m)—f(1/n)| > |1/m—1/n|, so f is not a contraction
and is not a contractive mapping in the sense of Edelstein either. Hence, we can not
conclude that, f has a fixed point by Theorem 1.1 and Theorem 1.2 and Branciari

|fz—fyl lz—y|
/ o(t)dt < a / o(t)dt
0 (0]

for all z,y € X and for some ¢ and « € [0,1), then we must have |f(z) — f(y)| <
| —y|, but this is false.
Now we defined ¢ : [0, +00) — [0, +00) by

theorem. Because if

t%_g[l—logt] i0<t<e
o(t) = L
0 it=0andt > e

and F(r) = [ ¢(t)dt and define T : X — X by

ﬁ ;x:%,niseven

Tx = 0 ;2 =0
1 1 .

T T =g, nis odd
Obviously F(t fo dt—TT f0r0<T<eandF()=e% forT > e, T is
one-to-one and graph closed and

ﬁ ;X = %, n s odd

% ;mzi,niseven
Since sup %;_?;yw =1, f is not a T — contraction, and so we can not use Theorem

3.8 in this case. Now we show that the conditions of Theorem 2.5 hold. We show that
1

(12) F(T s i) € 3P (1T~ Ty))

for all x,y € X. There are 5 cases.

Case 1. Let x = %,y = % and m and n are even. Then

(T fR Tfy)) < S F(1Tz — Ty))
1o 1yt 1, 1 1 =
= |_ - _| mnl < _|— — | m—1 n—-1
m n 2m—1 n-1
m—n . | _mn (m—l)(nfl) (m—1)(n—=1) 1
PN |—— | menl A e \35
mn m—-n
(m—1)(n—1) jn=Dn-1) ( ) (mtn—1) 1
PN | e \| | ==l < =
mn -2

Obviously the last inequality holds, because

m-—n ‘m+”—1‘ 1

| m—n | < =
mn 2
and

|(m_1)(n_1)|§1 and |(m_1)(n_1)|>1

mn m-—-n
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and so

| (m - 1)(” - 1) |\7("L7,,,1L),(:71) | <1.
mn

Therefore for this case (12) holds.

Case 2. Letx = %,y = % where m and n are odd.

Case 3. Let x = %,y = % where m is even and n is odd.

By the same argument in case 1 we conclude that (12) holds for case 2 and case 3.

Case 4. Let x =0,y = % where n is even. Then

F(Tfo~Tfyl) < 3 F (1T - Ty))
1 1 1

The last inequality holds, because

(

n—1

1
)"71 <1 and - <
n n

Therefore (12) is true for this case.

Case 5. Let x = Oand y = % where n' is odd. By the same argument in case 4
we conclude that (12) holds for this case.

Hence, (12) holds for all x,y € X.<So f is Tr — contraction and the conditions of
Theorem 2.5 hold. Therefore f has a unique fized point.
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