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A result for approximating fixed points
of generalized weak contraction of the
integral-type by using Picard iteration

Un resultado para aproximar puntos fijos de contraccion
generalizada débil de la integral-tipo usando iteracién de Picard
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ABsTrACT. Following concepts of A. A. Branciari, y B. E. Rhoades, of in this
paper, we shall establish a fixed point theorem by using a generalized weak con-
traction of integral type. Our result is a generalization of the classical Banach’s
fixed point theorem and other related results.
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RESUMEN. Siguiendo conceptos de A. A. Branciari, y B. E. Rhoades, en este
articulo establecemos un teorema de punto fijo usando una contraccién débil
generalizada de tipo integral. Nuestro resultado es una generalizacién del cldsico
teorema del punto fijo de Banach y de otros resultados relacionados.

Palabras y frases clave. Puntos fijos, contraccién débil de tipo integral, iteracién
de Picard.

1. Introduction

Let (X, d) be a complete metric space and f : X — X a selfmap of X. Suppose
that Fy = {z € X | f(z) =z} is the set of fixed points of f. The classical
Banach’s fixed point theorem is established in Banach [2] by using the following
contractive definition: there exists ¢ € [0,1) (fixed) such that Vz,y € X, we
have

d(f(z), f(¥)) < c d(z,y). 1)
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In a recent paper of Branciari [7], a generalization of Banach [2] is estab-
lished. In that paper, Branciari [7] employed the following contractive integral
inequality condition: there exists ¢ € [0,1) such that Vz,y € X, we have

a(f(z).f(¥)) d(z,y)
odese [ o, (2)
0 0

where ¢ : R — R™ is a Lebesgue-integrable mapping which is summable,
nonnegative and such that for each € > 0, f(; p(t)dt > 0.
Rhoades [13] used the conditions

d(f{x),f(y)) m(z,y)
etr<k [ o, vayex, (3)
0 0
where m(z,y) = max {d(z,), d(, £(2)), d(y, f (1)), LLOAIED |, ang
d(f(z).f(v)) M(z,y)
p(t)dt <k / p(t)dt, Vr,ye X, 4)
0 0

with M (z,y) = max {d(z,y), d(z, f(x)),d(y, f(¥)),d(=, f(¥)),d(v, f(€))},
where k € [0,1) and ¢ : RT — R in both cases is as defined in (2). Condition
(4) is the integral form of Ciric’s condition in Ciric (10].

Literature abounds with several generalizations of the classical Banach’s
fixed point theorem since 1922. For some of these generalizations of the classical
Banach'’s fixed point theorem and various contractive definitions that have been
employed, we refer the readers to {1, 4, 5, 6, 3, 9, 10, 12, 14] and other references
listed in the reference section of this paper.

In this paper, we shall establish a fixed point result similar to those of
Branciari [7] and Rhoades [13] by employing a weak contraction of the integral
type.

Qur result is a generalization of the classical Banach's fixed point theorem
[1, 2, 5, 15] as well as an extension of some results of Berinde [6], Berinde and
Berinde [3}, Branciari [7], Chatterjea [8], Kannan [11] and Zamfirescu [14].

The following definition is taken from Berinde {6, 3]:

Definition 1.1. A single-valued mapping f : X — X is called a weak con-
traction or (8, L)—weak contraction if and only if there exist two constants,
0 €[0,1) and L > 0, such that

d(f(x), f(y)) < dd(z,y) + Ld(y, f(x)), Vz,yeX. (5)

For the extension of the Banach’s fixed point theorem in the sense of multi-
valued mapping, the reader is referred to Berinde and Berinde [3]. We shall
employ the following definition to obtain our result:
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Definition 1.2. We shall say that a single-valued mapping f : X — X is a
generalized weak contraction of integral type or (4, L)~ generalized weak con-
traction of integral type if and only if there exist constants K >0, L > 0 and
d €[0,1), such thatVz,y € X,

d(f(z),f W) d(z,y)
p(t)dt <0 / o(t)dt
o ]
[ 4@ gt " dw @) (1-Kd(z.f(2))]

+L]| j ot)dt | | [ el ,

\ o \ o
©)

where 7 > 0, 1 — Kd(z, f(z)) > 0 and ¢ : Rt — IR" is a Lebesque-integrable
mapping which is summable, such that for each ¢ > 0, foe p(t)dt > 0 and
nonnegative.

Remark 1.3. The contractive condition (6) reduces to (5) if r = K = 0
and p(t) = 1,¥t € R*. Also, if in condition (6) r = K = 0, L = 26 and
o) =1, Vt € R, where § = max{a, 1—_%, 1—3;}, 0 <d <1, then we
obtain the contractive condition employed by Zamfirescu [14]. See also Theorem
2.4 of Berinde [5] for the contractive definition of Zamfirescu [14] as well as
the conditions on «, 8 and 7.

Remark 1.4. The contractive condition (6) does not require any additional
condition for the uniqueness of the fired point of f. This is an improvement
on the result of Berinde [6].

2. The main result

Theorem 2.1. Let (X,d) be a complete metric space and f : X — X a
(6, L)—generalized weak contraction of integral type. Let p : Rt — R* be a
Lebesgue-integrable mapping which is summable, nonnegative and such that for
each e > 0, f; w(t)dt > 0. Then, f has a unique fired point z € X such that
for each z € X, lim,_,o, f™(z) = 2.
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Proof. Let o € X and let {:c,,}ff’zo defined by z, = f(zn-1) = f*Zo, n =
1,2,..., be the Picard iteration associated to f. From (6), we have that

d(zn,Tn+1) d(f(€n-1).f(za)) d(zn-1,2n)
w(t)dt = / p(t)dt <6 / p(t)dt
0 0 0
[ d(zn_1,f(Tn-1)) T [ d(zn f(Zn-1)) \ 1-Kd(zn-1,f(zn-1))
+1 / o(t)dt / o(t)dt
SRR
d(zn-1,Tn) d(zn_2,Tn-1) d(zo,x1)
=5 [ ww<s [ eweso < [ et @
0 0
Taking the limit in (7) as n — oo yields
d(zn,Tnt1)
nlingo / e(t)dt =0,
0
since [; ¢(t)dt > 0 for each € > 0. Therefore, it follows from (7) that
nli_'n;(J d(zn,Tnt1) =0. (8)

We now establish that {z,} is a Cauchy sequence. Suppose it is not so.
Then, there exists an € > 0 and subsequences {Z,,(»)} and {Tn(p)} such that
m(p) < n(p) < m(p + 1) with

d(Zm(py Tnp) 2 €1 ATm(p) Tn(p)-1) <€ (9)
Again, by using (6), then we have that
d(Zm(p)sZn(p)) d(f(@mipy-1)f (Ta(p)-1))
plt)dt = / o0yt
0 0

d(Tm(p)—1,Tn(p)-1)

<$ / p(t)dt

0
d(:m(?)-lyzm(p)) \ T A(Zn(p)=1,Tm(p)) [I—Kd(:rm{p}..;,:m(p))]
+L / p(t)dt ( / p(t)dt
0 \ 0
(10)
By using (8), we have that
1 — Kd (Zm(p)-1:Tm(p)) — 1 85 p —= o0, (11%)
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and

A(Tm(p)—11Tm(p)) "

p(t)dt| —0asp— oo, (11%%)
0

and also from (8), (9) and the triangle inequality, we obtain

d (Zm(p)=11Zn(p)-1) £ & (Zm(p)=1: Tm(p)) + & (Tm(p): Ta(p)-1)
< d(ZTim(p)-1)Tm(p)) + € — €as p— o0, (12)

Using (9), (11*), (11**) and (12) in (10), then we get

d(a:m(,,),x,,(,,))

[t < o)t <5 [ plt)at, (13)
0 0

from which we obtain (1-6) [; ¢(t)dt < 0, leading to 1—6 > 0. But [ o(t)dt <
0 and this is a contradiction by the condition on . Therefore, we must have
that f(; @(t)dt = 0, that is, ¢ = 0. Therefore, {z,} is a Cauchy sequence and
hence convergent. Since (X,d) is a complete metric space, {z,} converges to
some z € X, that is, JLH;O T, = z. Also, from (6), we have that

0

d(zni1,f(2)) d(f(zn).f(2))

oie= [ el
0 i)
d(zy.2) d(zn,f(2n)) " [ d(z S (@a) [t=Kd(@n.fzn))]
<é / p(t)dt + L / e(t)dt / (t)dt
0 0 0
A(2n,2) A(Zn Tni1) T d(z,2nsr) \, 1-Kd(@nZni1]
=4 / w(t)dt+ L / p(t)dt / <p(t)dtJ
(14)
By taking the limits in (14) as n — oo, then we get
d(f(z),2)
p(t)dt <0, (15)
" .

and from (15), we obtain a contradiction again. Therefore, by the condition on

@, we have f;{:"’{z” p(t)dt = 0, so that d(z, f(z)) =0, or z = f(2).
We now prove that f has a unique fixed point: Suppose this is not true.

Then, there exist wy, wp € Fy, wy # wa, d(wy,ws) > 0. Therefore, we obtain
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by (6) that
d(w,w2) d(f(w1),f(w2))
ot)dt = / o(t)dt
0 0
d(w;,w2)
<6 / p(t)dt
0

r

d(wi, f(w1)) d(wzf (w1)) [1=-Sd(wr, S (wi))]

+L b/ p(t)dt -0/ w(t)dt ,

leading to (1 — §) fod(w"wZ) @(t)dt < 0, from which it follows that 1 — 4 > 0,

but f:(w”w’) @(t)dt < 0. Therefore, by the condition on ¢ again, we get

ﬁf(w"w’) @(t)dt = 0 so that d(w,,wsz) =0, or w; = wy. Hence, f has a unique

fixed point.

Remark 2.2. Theorem 2.1 is a generalization and extension of the celebrated
Banach’s fized point (1, 2, 5, 15] as well as an extension of the results of Bran-
ciari [7], Chatterjea [8], Kannan (11] and Zamfirescu [14]. Theorem 2.1 is also
an extension of some results of Berinde [6] as well as Theorem 2 of Berinde
and Berinde [3). Theorem 2.4 of Berinde [5] is the result of Zamfirescu [14].

References

[1] AGarwaL, R. P., MECHAN, M., AND O'REGAN, D. Fized Point Theory and Applications.
Cambridge University Press, 2001.
[2] BaNAcH, S. Sur les operations dans les ensembles abstraits et leur applications aux
equations integrales. Fund. Math. 3 (1922), 133-181.
BERINDE, M., AND BERINDE, V. On a general class of multi-valued weakly Picard map-
pings. J. Math. Anal. Appl. 326 (2007), 772-782.
[4] BERINDE, V. A priori and a posteriori error estimates for a class of y-contractions.
Bulletins for Applied & Computing Math. 90, B (1999), 183-192.
[5] BERINDE, V. [terative Approzimation of Fized Points. Editura Efemeride, Baia Mare,
2002.
[6] BERINDE, V. Approximating fixed points of weak contractions using Picard iteration.
Nonlinear Analysis Forum 9, 1 (2004), 43-53.
[7] BRANCIARI, A. A fixed point theorem for mappings satisfying a general contractive
condition of integral type. Int. J. AMath. Math. Sci. 29, 9 (2002), 531-536.
[8] CHATTERJEA, S. K. Fixed-point theorems. C. R. Acad. Bulgare Sci. 10 (1972), 727-730.
[9] Crric, L. B. Generalized contractions and fixed point theorems. Publ. Inst. Math.
(Beograd) (N. S.) 12, 26 (1971}, 19-26.
{10] Ciric, L. B. A generalization of Banach’s contraction principle. Proc. Amer. Math. Soc.
45 (1974), 267-273.
[11] KANNAN, R. Some results on fixed points. Bull. Calcutta Math. Soc. 10 (1968), 71-76.

i3

Volumen 42, Ndmero 2, Afic 2008



APPROXIMATING FIXED POINTS OF GENERALIZED WEAK CONTRACTION 151

{12] RHOADES, B. E. A comparison of various definitions of contractive mappings. Trans.
Amer. Math. Soc. 226 (1977), 257-290.

[13] RHOADES, B. E. Two fixed point theorems for mappings satisfying a general contractive
condition of integral type. Int. J. Math. Math. Sci. 63 (2003), 4007-4013.

(14} Zamrirescu, T. Fix point theorems in metric spaces. Arch. Math. 23 (1972), 292-298.

[15] ZEIDLER, E. Nonlinear Functional Analysis and its Applications-Fized Point Theorems.
Springer-Verlag, New York, 1986.

(Recibido en julio de 2007. Aceptado en agosto de 2008)

DEPARTMENT OF MATHEMATICS
OBAFEMI AWOLOWO UNIVERSITY
PostaL CODE A234

ILE-IFE, NIGERIA

e-mail: polatinwo@oauife.edu.ng

Revista Colombiana de Matematicas






	Memudu Olaposi Olatinwo1 ^bafemi Awolowo University, Ile-Ife, Nigeria

	1.	Introduction

	d{x,f(x))	\ r / d(y,/(*))	\ [1



	(6)

	2.	The main result

	(10)


	° /

	References



