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Abstract

In this paper, we establish a new fixed point theorem for a Meir-Keeler type contraction through rational
expression. The presented theorem is an extension of the result of Dass and Gupta (1975). Some applications
to contractions of integral type are given.
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1. Introduction

The Banach contraction principle [4] is the most celebrated fixed point theorem. It is a very useful,
simple, and classical tool in nonlinear analysis. Moreover, this principle has many generalizations; see
([1]-[30]) and others. For example, Meir and Keeler [20] proved the following fixed point theorem.

Theorem 1.1. Let (X, d) be a complete metric space and let T' be a mapping from X into itself satisfying
the following condition:

Ve >0,30(c) >0 such that e < d(z,y) <e+9d(e) = d(Tz,Ty) < €.
Then T has a unique fized point £ € X. Moreover, for all x € X, the sequence {T™xz} converges to .

It is clear that Theorem [1.1]is a generalization of the Banach contraction principle. Some generalizations
of Theorem [1.1] exist in literature; see [10, [15, [19] and others.
Dass and Gupta [11] proved the following fixed point theorem.
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Theorem 1.2. Let (X,d) be a complete metric space and let T be a mapping from X into itself satisfying:

1+d(z,Tx)

d(Tz,Ty) < ad(y,Ty) T+ d(.y)

+ Bd(z,y)
for all x,y € X, where o, 8 are constants with o, 3 > 0 and a4+ 5 < 1. Then T has a unique fixed point
& € X. Moreover, for all x € X, the sequence {T"x} converges to &.

Some generalizations of Theorem exist in literature; see [8, 27] and others.

In this paper, we derive a new fixed point theorem of Meir-Keeler type that generalizes Theorem of
Dass and Gupta in the case «, 8 € (0,1/2). Our main result is given in Section [2 In Section [3| following
the ideas of Branciari [7] and Suzuki [28], some applications to contractions of integral type are given.

2. Main result
Our main result is the following.

Theorem 2.1. Let (X,d) be a complete metric space and T' be a mapping from X into itself. We assume
that the following hypothesis holds:
given € > 0, there exists () > 0 such that

1+d(z,Tx)

2e < d(y,Ty) Tt dlzy)

+d(z,y) <2e+60(c) = dTx,Ty) < e. (2.1)

Then T has a unique fized point £ € X. Moreover, for any x € X, the sequence {T™xz} converges to .
Proof. We first observe that (2.1)) trivially implies that T" satisfies:

1 1+d(z, T 1
x#yory#Ty implies d(Tz,Ty) < id(y,Ty) W + id(ac, Y). (2.2)
Now, let x € X and consider the sequence {z,} = {T"z}. We will show that {z,} is a Cauchy sequence in
X.
If there exists p € N such that x, = x4 1, then z, is a fixed point of T'. For this reason, we will assume
that x, # xp41 for all p € N. Let
cn =d(xp, Tpt1), Vn € N.

From (2.2), we have:

1+ d(zp-1,2n) 1 1 1
S d(Tp_t1,2n) = ~Cp + ~Cn_1.
T+ d(n 1.20) +5 (Tn—1,%n) Cn+ =Cn_1

1
cn =d(Txp-1,Txy,) < §d(:vn,ajn+1) 5 5

Then
Cn < Cp—1, Vn € N*

and the sequence {cy} is decreasing with n. Suppose now that ¢, | € > 0 as n — 4+00. Then ¢, + ¢,,—1 | 2¢
as n — +oo. This implies that there exists NV € N* such that
2e < ey +ey—1 < 2e+4(e).

We get:
I+d(xy-1,TrNn_1)

1+ d(IN,1,$N)

2e < d(xN,TacN) + d(xN_l,xN) < 2e + (5(8)

From ([2.1)), we obtain:
d(TxN_l,TxN) = d(.%'N,l'N_H) =cy <e¢g,
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that is a contradiction. Then we deduce that

cn 4 0 as n — +o0. (2.3)

Let £ > 0. Condition ([2.1)) will remain true with §(¢) replaced by ¢’(¢) = min(d(g),e,1). From (2.3),

there exists £ € N such that

ATy, Tmt1) <

Now, we introduce the set A C X defined by

!
A= {xp|p2k:, d(zp, xy) <25—|—6(6)}.

Let us prove that

&' (e)
4

, Vm > k. (2.4)

2

T(A) C A. (2.5)

&' (e)

Let A € A. There exists p > k such that A = x), and d(zp, x}) < 2e + —
If p =k, we have T'(\) = x+1 € A (by (2.4)). Then we will assume that p > k. We distinguish two cases.

e First case:

d'(e)

2e < d(zp, xk) < 2 + — (2.6)
First, let us prove that
1 1+ d(zp, xps1) | 1 d'(e)
<3 TS . 2.7
e< 2d($k7$k+1) 1+d(:cp,:ck) + Qd(xp,xk) <e—+ 5 (2.7)
From ({2.6)), we have:
1 1 1+ ey app) | 1
<=d < =d 2Ty Tprl) | 2y . 58
e < gd(zp, 2x) < Sd(zk, Thi1) T d(zy, or) + 5 (wp, 7) (2.8)

On the other hand, we have:

1 1+ d(p, 2py1)

1
id(l’ka Thi1) + *d(xpwk)

1+ d(zp, k) 2
by
by and
by
by

Then

1
§d($k7$k+1)

2e < d(xp, Txy)

1+ d(zp, Tp+1)
1+ d(a:p, xk) 2

It follows from ({2.8])-(2.9) that (2.7) holds. Then

1+ d(zp, Txy)
1+ d(zp, 1)

1 1 d(xp, Tpt1)
Zd Zd P pTl)
5@k Tt1) + 5d(@g, Tp1) ey, or)

5/(6) + ld(xkaxk-i-l)
8 2 d(xp, )

1
+ §d(xp, xp)

1
d(wp, Tp11) + §d<37p,37k)

5’5;) N %d($p,xp+1) + %d(ﬂﬁp,wk)
5’;@ N 5’? + Sd(rp, 1)
5’515) v % <2£ + 5/;@)
:
€+ g ;6)
+ 1cl(a:p,flsk) <e+ 70 2

2

+ d(xp, zi) < 26 + (),
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which implies by (2.1 that
d(Txp, Txy) < €. (2.10)

Now, we have:

dTzp,z) < d(Txp, Txy)+ d(Txy, zk)

5/
by 210) and @4) < e+ ff)
6/
< 2e+4+ és)

This implies that TA = Tx), = xp41 € A.
e Second case:
d(zp, xp) < 2e. (2.11)

From (2.2), we have:
d(Txp,zr) < d(Tzp, Txy)+ d(Tzk, )

1 1+ d(zp, pt1) | 1
< 2d($k,$k+1) T+ d(ay, r) + 2d(xp,xk) + d(zgr1, xp)

1 L d(@k, Tt 1)d(@p, Tps1)
~d -
5 (T, T41) + 5 1+ d(ay, 0)

3 1 d(zk, xp11)d(zp, Tpi1)
g —d —_
2 (@, ) + 2 1+ d(zp, xy)

On the other hand, from ({2.4]), we have:

+ ~d(xp, v1) + d(Tp41, T

IN

+ —d(xp, zp).

N = N =

d(zp, Tri1) &'(e)

<d 1.
1+ d(zp,x) — (@, Tr1) < <
Then
3 1 1
d(Tzp,z) < §d($ka Tt1) + §d(xpvxp+l) + Qd(xpvxk)
o 5
by @) ana @) < 270
5/
= ég) +e
5/
< ég) + 2e.
This implies that TA = Tz, = 2,41 € A. Hence, (2.5) holds and
5/
d(zm, k) < 2 + gs), vVm > k. (2.12)

Now, for all (m,n) € N2 such that m > n > k, by (2.12), we get:
d(Tm, Tn) < d(Tpm, z1) + d(20, 7)) < 42 + ' (€) < be.

This implies that {x,} is a Cauchy sequence in X.
Since (X, d) is complete, there exists £ € X such that {z,} converges to . From ({2.2)), we have:

d(Tf,f) < d(T§7Tmn)+d(xn+1a€)
1+d(£,T¢)

1

1
< 5(1(:1:”, Tnt1)
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Now, let n — +o0, we get:
d(T¢€,€) <0,

which implies that & = T¢, i.e, £ is a fixed point of T'.
Suppose now that 7 is another fixed point of 7. From ([2.2)), we get:

1+d(&,€)
1+d(&m)

which is a contradiction. Then the uniqueness of the fixed point is proved. This makes end to the proof. [

(€, n) = d(TE, Tn) < Ld(n,n) +3d(En) = SdlE.n),

Now, we will show that the result of Dass and Gupta [II] (when «, 5 € (0,1/2)) is a particular case of
Theorem 2,11

Corollary 2.2. (Dass-Gupta [11)])
Let (X, d) be a complete metric space and T be a mapping from X into itself. We assume that the mapping
T satisfies:

forall x,y € X,
1+d(z, Tx)

1+d(z,y)
where k € (0,1/2) is a constant. Then T has a unique fized point & € X. Moreover, for any x € X, the
sequence {T"x} converges to &.
1
de)y=e|-—-2].
©=:(;-2)

1+d(z,Tx)
1+d(z,y)

d(Tz,Ty) <k <d(y,Ty) + d(az,y)) , (2.13)

Proof. Fix € > 0. We take :

Assume that

2e < d(y,Ty) +d(z,y) < 2e+6(e).

From ([2.13)), we have:

d(Tz, Ty) < k(d(y,Ty) 1+ d(z, Tx)

T+ dmy) 4z y)>

< k(2e+6(e))
— ekt ke (-
- e (i)

Then condition (2.1) of Theorem is satisfied. This makes end to the proof. O

3. Applications to contractions of integral type

In recent years, Branciari [7] initiated a study of contractive condition of integral type, giving an integral
version of the Banach contraction principle, that could be extended to more general contractive conditions.
More precisely, he established the following result.

Theorem 3.1. (Branciari [7])
Let (X,d) be a complete metric space, k € (0,1), and let T be a mapping from X into itself such that for

each z,y € X,
d(Tz,Ty) d(z,y)
/ o(t) dt < K / (1) dt, (3.1)
0 0
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where ¢ is a locally integrable function from [0, +00) into itself and such that for all e > 0,

/890(15) dt > 0.
0

Then T admits a unique fized point § € X such that for each x € X, the sequence {T™x} converges to &.

Putting ¢ = 1 in the previous theorem , we retrieve the Banach fixed point theorem.

Later on, the authors in [2, 12, 23, 27, B0] established fixed point theorems involving more general
contractive conditions.

Suzuki [28] showed that Meir-Keeler contractions of integral type are still Meir-Keeler contractions and
so proved that Theorem of Branciari is a particular case of the Meir-Keeler fixed point theorem [20]. In
this section, following the idea of Suzuki [28], we will show that Theorem allows us to obtain an integral
version of Corollary

We start by proving the following result.

Theorem 3.2. Let (X, d) be a metric space and let T be a mapping from X into itself. Assume that there
exists a function 6 from [0,400) into itself satisfying the following:
(i) 8(0) =0 and 6(t) > 0 for every t > 0.
(ii) 6 is nondecreasing and right continuous.
(i1i) For every e > 0, there exists §(¢) > 0 such that
1+d(z,Tx)

26 <0 (d(y,Ty) T+ d(z.y)

+ d(x,y)) <2e+40(e) = 02d(Tx,Ty)) < 2¢

for all x,y € X.

Then 1$ satisfied.
Proof. Fix € > 0. Since 0(2¢) > 0, by (iii), there exists o > 0 such that

1+d(x, T
f(2¢) < 0 <d(y, Ty LH A T2) d(:v,y)) < 0(2¢) + o = 0(2d(Tz, Ty)) < 0(2¢). (3.2)
1+d(z,y)
From the right continuity of 6, there exists 6 > 0 such that 6(2¢ 4+ §) < 0(2¢) + a. Fix x,y € X such that
1+d(z,Tz)
2¢e <d(y,Ty) ———= +d 2 0.
e <d(y,Ty) T+dwy) T (z,y) <2+

Since # is nondecreasing, we get:
1+d(z,Tx)
0(2) <0 \(dy,Ty) ———=
22 <0 (a7 LEAE TS

Then, by (3.2)), we have:

+d(z, y)) < 0(2¢ + 6) < 0(2) + a.

0(2d(Tx,Ty)) < 0(2¢),
which implies that d(T'z,Ty) < €. Then ({2.1)) is satisfied. This completes the proof. O]

t
Since a function ¢ +— / ©(s) ds is absolutely continuous, we obtain the following.
0

Corollary 3.3. Let (X,d) be a metric space and let T be a mapping from X into itself. Let ¢ be a locally
t

integrable function from [0,+00) into itself such that / ©(s) ds > 0 for all t > 0. Assume that for each
0

e > 0, there exists 6(¢) > 0 such that

1+d(z,Tx)

d(,Ty) Txa sy +zy) 2d(Tz,Ty)
2e < / o(t) dt <2e+6(e) = / (t) dt < 2e. (3.3)
0 0

Then s satisfied.
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Now, we are able to obtain an integral version of Corollary We have the following result.

Corollary 3.4. Let (X,d) be a complete metric space and let T be a mapping from X into itself. Let ¢ be

t
a locally integrable function from [0, +00) into itself such that / ©(s) ds > 0 for allt > 0. We assume that
0

the mapping T satisfies the following condition:
forall x,y € X,

1+d(z,Tx)

2d(Tz,Ty) AW,TY) T1ac 5 TxY)
/ o(t) dt < c / o(t) dt, (3.4)
0 0

where ¢ € (0,1) is a constant. Then T has a unique fixed point § € X. Moreover, for any © € X, the
sequence {T"x} converges to §.

1

Proof. Fix € > 0. Tt is easily to check that 1) is satisfied with §(e) = 2¢ < — 1>. Then |D is satisfied
c

O

and we can apply Theorem

Remark 3.5. Note that the result of Corollary [2.2] can be obtained from Corollary [3.4] by putting ¢ = 1 and
c =2k, ke (0,1/2).
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