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NOTE ON ASYMPTOTIC CONTRACTIONS

Ivan D. Arandelovié

In 2003 W. A. KIRK introduced the notion of asymptotic contractions. In
this paper we present one fixed point theorem of KIRK’s type unifying and
generalizing recent results of W. A. KIRK , J. JACHYMSKI, 1. JOZWIK and
Y.-Z. CHEN.

1. INTRODUCTION AND PRELIMINARIES

W. A. KIRK [8] introduced the notion of asymptotic contractions and proved
fixed point theorem for this class of mappings. In note [1] we present a new short
and simple proof of KIRK’s theorem. Further results on this class of mappings
was obtained by: J. JACHYMSKI, I. JOZWIK [7], Y.-Z. CHEN [4], P. GERHARDY
[5], [6], T. Suzuki [9], H. K. Xu [12], M. Arav, F. E. C. SANTOS, S. REICH,
A. ZasvLavski [2] and K. WLODARCZYK, D. KLiM, R. PLEBANIAK [10], [11]. The
papers [10] and [11] presents some ideas for application of the theory of asymptotic
contractions in the analysis of set-valued dynamic systems.

In this paper we present one fixed point theorem of KIRK’s type unifying and
generalizing recent results of W. A. KIRK [8], J. JAcHYMSKI, I. JOZWIK [7] and
Y.-Z. CHEN [4].

Let X be a nonempty set and f : X — X arbitrary mapping. = € X is a
fixed point for f if x = f(x). If zg € X, we say that a sequence (x,,) defined by
xn = f™(xp) is a sequence of PICARD iterates of f at point xg or that (x,,) is the
orbit of f at point xg.

In [2] M. Arav, F. E. C. SANTOS, S. REICH and A. ZASLAVSKI proved the
following result:

Proposition 1. Let (X,d) be a metric space, f : X — X continuous function and
(p:) sequence of functions such that ¢; : [0,00) — [0,00) and for each z,y € X

d(f'(2), f'(y)) < pi(d(z,y)).
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Assume also that there exists upper semicontinuous function ¢ : [0,00) — [0, 00)
such that for anyr >0 o(r) <7, (0) =0 and p; — ¢ uniformly on any bounded
interval [0,b]. If there exists y € X such that y = f(y) then all sequences of Picard
iterates defined by f converge to y, uniformly on each bounded subset of X .

2. MAIN RESULT’S

Now we present our results.

Theorem 1. Let (X, d) be a complete metric space, f : X — X continuous function
and (¢;) sequence of functions such that @; : [0,00) — [0,00) and for each xz,y € X

d(fi(2), f'(y)) < @i(d(z,y)).

Assume also that there exists upper semicontinuous function ¢ : [0,00) — [0, 00)
such that for any r >0 (r) <r, (0) =0 and p; — ¢ uniformly on any bounded
intervall0,b]. If one of the following conditions is satisfying:

1)  there exists x € X such that orbit of f at x is bounded; or
2)  lim (t — go(t)) >0; or
t—o0
o(t)

lim ¢

t—o0o

3) < 1.

then f has an unique fixed point y € X and all sequences of Picard iterates defined
by f converge to y, uniformly on each bounded subset of X .

Proof. For any z,y € X, x # y, we have:
limd(f"(z), f"(y)) < limen(d(z,y)) = ¢(d(z,y)) < d(z,y).

Suppose that there exist z,y € X and € > 0 such that md(f"(ac),f”(y)) =c.
Then there exists sequence of integers (m;), such that

Hm d(@m,; , Ym,;) = Im d(2p,, Ym ).

If md(fk(ac), fk(y)) > ¢, for each k € (m;), then from upper semicontinuity of
¢ follows im d(2m,,Ym,;) < ¢(e) < &, which is a contradiction. So there exists
k € (m;) such that

(A @), 1)) <=
This implies that
T d(f" (@), £ () = T (7 (7). 1 (74 (0)
< Tim, ¢y (d(f’“(x),fk(y))) =
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which is a contradiction. So we obtain that

(1) limd(f" (), f"(y)) =0,

for any x,y € X, which implies that all sequences of PICARD iterates defined by f,
are equiconvergent.

Now let a € X be arbitrary, (a,) be a sequence of PICARD iterates of f at
point a, Y = (a,) and F, = {z € Y : d(z, f*(z)) <1/n (k=1,...,n)}. From (1)
follows that F;, is nonempty and since f is continuous F,, is closed, for any n. Also,
we have F,,11 C F,,. Let (z,,) and (y,) be arbitrary sequences, such that z,, y, €
F,. Let (n;) be a sequence of integers, such that lim d(zn;,yn,) = lim d(z,, yn).

For any € > 0 there exists positive integer k such that

©(t) + e > r(t)

for all t € [0, +00) and m > k, because ¢,, — ¢ uniformly on the rang of d. Now
we have:

hm d(xnj 9 ynj) S m(d(‘xn; 9 fnj (xnj )) + d(fnJ (Inj )7 fnj (yn]))
(Y, £ Yn)) ) = T (" (@0,), " (9n,))
< m@nj (d(xnj ) ynj)) <e+ m‘p(d(xnj ) ynj))
< e+ o(limd(zn,;,yn,)),

for n; > k and so limd(zy,, yn,) = ¢(lim d(zn,,yn,)) = limd(zy,,yn,) € {0, +00}.
Now we have following three cases:

A) Let limd(zp,, yn,) = 0. Thus limd(zy,y,) = 0 and so limd(z,, y,) = 0. This
implies that lim diam F;, = 0. By completeness of Y follows that there exists z € X
such that

;ﬁan — {2},

We remember that 1) = A). Since d(z, f(z)) < 1/n for any n, we have f(z) = z.
From (1) follows that all sequences of PICARD iterates defined by f converge to z.

From Proposition 1 follows that this convergence is uniform on bounded subsets of
X.

B) Let limd(zn,,yn,) = +00 and lim (¢ — ¢(t)) > 0. Then from

t—o0

d(xnj ) ynj) < d(xnj  f (xnj )) + d(fnj (Inj )7 I (yn,)) + d(ynj M (yn,))

follows

d(l'nj ) fnj (mnj )) + d(ynJ ) fnj (y’l’lJ )) 2 d(an ) ynJ) - d(fn] (xnj )) fnj (ynJ ))
Z d(InJ 9 yn,) - QDnj (d(xn] ) yn])) Z d(xn] ) yn]) - (p(d(xn] ’ yn])) -5
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for n; > k. Thus

n—oo

which is a contradiction.

C) Let limd(zn,,yn,) = +oo and lim < 1. Then from

t—oo

d(xnj ) ynj) < d(xnj  f (xnj )) + d(fnJ (Inj )7 I (yn,)) + d(ynj M (yn,))

follows

#(t)
t

d(xnj 1 (:En,- )) + d(fnj (:En,- ), 1 (ynj )) + d(ynJ I (ynJ ))

1<
- d(ZnJaynJ)
< d(xn,af (xnj ) + ©n; (d Tnjy Yn, ) + (ynjaf (ynj))
N (xnjaynj
(xn S (ZnJ)) (d(xnjaym))+5+d(ynﬂf (ynJ))
B d(Tn; s Yn;) ,

for n; > k. Thus
‘p(d(xnwynj))

1 < Tim
B d(an I ynj )

<1

which is a contradiction.
3. COMMENTS AND REMARKS

The statement of W. A. KIRK [8] — Theorem 2.1 has additional assumptions
that all @; are continuous, and so KIRK’s result is include in our Theorem 1.1), as
theorem Y.-Z. CHEN [4]- Theorem 2.2 which has additional assumptions that one
of (p;) is upper semicontinuous.

The statement of J. JACHYMSKI, I. JOZWIK [7] — Theorem 2 has additional
assumptions “f is uniformly continuous” and condition

li — =+
Jim (t <p(t)) (%)
which is stronger then our condition

lim (¢ —(t)) > 0.
t—oo
Thus this result is include in our Theorem 1.2.
The statement of Y.-Z. CHEN [4] — Corollary 2.4 has additional assumptions
that one of (¢;) is upper semicontinuous, and so it is include in our Theorem 1.3.
In the statements of W. A. KIRK [8] — Theorem 2.1 and Y.-Z. CHEN [4]
— Theorem 2.2, the assumption “f is continuous” was inadvertently left out, but
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it was used in the proofs of theorems. J. JAcHYMSKI, I. JOZWIK [7], give the
following example for necessity of this condition.

ExAMPLE 1. Let X =[0,1] an f: X — X defined by

1, z =0,
f(:c){ x/2, x#0.

So f(X) C (0,1) which implies f™*(X) C (0,1/2"1). A sequence of functions
©n = 1/2"71 satisfies the conditions of Theorem 2.1 because ¢, — 0 uniformly,
but f is fixed point free.

Now we give the following example for necessity of uniformly convergence of
sequence (g, ).

EXAMPLE 2. Let (z,) be an arbitrary sequence, X = {x,}, and d : X% — [0, +-00)
mapping defined by

k 1

A(Tn, Tnyk) = ok + 5

n € {1,2,3,...}, k € {0,1,2,...}. (X,d) is complete metric space, because each
ball which radius is less then 1 contains only a finite number elements of X. d is
discrete metric and all nonzero distance are distinct. Also we have:

lilgn d(xp, Tpr) =1

and

lim d(xy, zpyr) = 0.
Now define f: X — X by f(x,) = Znt1. Let ¢(t) = ¢/2 and

d(%%‘)}’

@n (d(xi, ;) = max {d($i+m$j+n), 5

for i # j. The function ¢,, is well defined because the number d(z;, z;) occurs only
once in the rang of d. From

Im d(2i4n, Tj4n) =0

follows ¢, — ¢ on the rang of d. The inequality

d(f" (@), [ (x)) < pn(d(zi,75))

is also satisfied, but f is fixed point free.
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