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REMARKS ON THEOREMS FOR CYCLIC
QUASI-CONTRACTIONS IN UNIFORMLY CONVEX BANACH
SPACES

N. V. DUNG!2 AND S. RADENOVI(3:4:*

ABSTRACT. In this note we show an error in the proof of [1, Theorem 2.3]. Then
we give a counterexample to show that theorems for cyclic quasi-contractions in [1]
are not true. Also the proofs of theorems for cyclic strongly quasi-contractions in
that paper are not true. We also state the revisions with modified conditions for
main results in [1].

1. INTRODUCTION

The Banach contraction principle is a fundamental result in fixed point theory.
Several extensions and applications in nonlinear analysis and optimization of this
result were stated, see [2-4,9,10, 14] and the references given there. An interesting
extension was proved by Kirk et al. [11| by using a cyclic condition, where the cyclic
contraction is that deals with maps of the type T': A;, — A;1, 2 = 1,...,p with
A, 11 = Ay and its contractive assumption is restricted to pairs (z,y) € A; X A;4q.

Cyclic conditions were then studied by many authors. In 2010 Petric [13] extended
many fundamental metric fixed point theorems in the literature to maps with certain
cyclic contractions. Péacurar and Rus [15] presented fixed point theorems for cyclic
p-contractions that were then noted by Radenovi¢ in [16]. In 2011 Karapinar and
Sadarangani |7, 8| considered fixed point theorems for cyclic weak ¢-contractions.
In 2012 Chen [5] proved fixed point theorems for cyclic Meir-Keeler type maps in
complete metric spaces. In 2013 Amini-Harandi [1] introduced a new class of maps,
called cyclic strongly quasi-contractions, which contains the cyclic contractions as a

Key words and phrases. cyclic quasi-contraction, fixed point, uniformly convex Banach space.
2010 Mathematics Subject Classification. Primary: 47H10, 54E35. Secondary: 54H25.
Received: April 21, 2016.

Accepted: June 19, 2016.

272



REMARKS ON THEOREMS FOR CYCLIC QUASI-CONTRACTIONS 273

subclass and proved some convergence and existence results of best-proximity point
theorems for cyclic strongly quasi-contraction maps.

Definition 1.1 ([1], Definitions 2.2-2.3). Let A and B be nonempty subsets of a
complete metric space (X,d) and let T: AU B — AU B such that T(A) C B and
T(B) C A. Then

(a) T is called a cyclic quasi-contraction if for all x € A and y € B and some
ce[0,1),

(1.1) d(Tz,Ty) < cmax{d(z,y),d(x,Tz),d(y, Ty),d(x,Ty),d(y, Tz)}
+ (1 —¢)d(A, B);

(b) T is called a cyclic strongly quasi-contraction if it is a cyclic quasi-contraction
and for all z € Aand y € B

(1.2) d(T?*z, T?y) < cd(x,y) + (1 — c)d(A, B).
The main results of [1| are as follows.

Theorem 1.1 ([1], Theorem 2.3). Let A and B be nonempty subsets of a metric space
X and let T : AUB — AU B be a cyclic quasi-contraction map. For xqg € AU B,
define x,11 = Tz, for each n > 0. Then lim,,_,o d(x,, z,11) = d(A, B).

Theorem 1.2 ([1], Theorem 2.4). Let A and B be nonempty subsets of a uniformly
conver Banach space X and let T : AUB — AU B be a cyclic quasi-contraction
map such that A is convex. For xqg € AU B, define x, 1 = Tx, for eachn > 0. Then
limy, o0 [[T2n12 — Toul| = 0 and limy, o0 [[X2013 — T2p41]| = 0.

Theorem 1.3 ([1], Theorem 2.5). Let A and B be nonempty subsets of a uniformly
convex Banach space X and let T : AUB — AU B be a cyclic strongly quasi-
contraction map such that A is convex. For xyo € AU B, define x,.1 = Tx, for each
n > 0. Then for each € > 0 there exists ng such that for all m > n > ng we have
| Tam — Tont1]] < d(A, B) +¢.

Theorem 1.4 ([1], Theorem 2.6). Let A and B be nonempty subsets of a uniformly
conver Banach space X and let T : AUB — AU B be a cyclic strongly quasi-
contraction map such that A and B are convexr. For xo € AU B, define x,,1 =Tz,
for each n > 0. Then there ewists unique x € A such that lim, o Top, = x, T?x = x
and ||z — Tz|| = d(A, B).

The author of [1] also posed the following question.

Question 1.1 ([1], Question 2.8). Does the conclusion of Theorem 1.4 remains true for
cyclic quasi-contraction maps?

Unexpectedly, in the proof of Theorem 1.1, the author used the cyclic quasi-
contraction condition for the pair (z;,z;) which may not belong to Ay x A4 in
general, see the proof of (2.4) on |1, page 1669|. This is inappropriate since the cyclic
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quasi-contraction condition only holds for pairs in A x Agyq for k =1,...,n. The
similar inappropriateness also appeared in the proof of [12, Theorem 4.1], see the
inequality (4.2) on page 79 of that paper and see also [6]. Theorem 1.1 was then used
in the proof of Theorems 1.2-1.4, see lines +3 and -2 on |1, page 1671], line +16 on
[1, page 1672]. By these facts, the main results of [1| must be reconsidered.

In this note we give a counterexample to show that Theorem 1.1 and Theorem 1.2
above, which are results for cyclic quasi-contractions, are not true. Then so are not
the proofs of Theorem 1.3 and Theorem 1.4. However we do not know whether the
conclusions of Theorem 1.3 and Theorem 1.4, which are results for cyclic strongly
quasi-contractions, hold or not. So the Question 1.1 is redundant if the conclusions
of Theorem 1.3 and Theorem 1.4 do not hold.

2. MAIN RESULTS

First we give a map T and a uniformly convex Banach space that satisfy all
assumptions of Theorem 1.1 and Theorem 1.2 but the conclusions of Theorem 1.1 and
Theorem 1.2 do not hold. The map T and the space X also satisfy all assumptions of
[12, Theorem 4.1] but T is fixed point free, that is, the conclusion of [12, Theorem 4.1]
does not hold.

Example 2.1. Let X = R? with the Euclidean norm, and
1

M =(0,0), N=(20), P=(21), Q=(0,1), I=(1,§),

and A=[M,P|, B={N,Q},and T: AUB — AU B be defined by
e [N ifwe,
Q, ifze(l,P],
and TN = P, TQ = M. Then

(a) X is a uniformly convex Banach space;

(b) A and B are nonempty subsets of X, A is convex and TA C B, TB C A;
(c) T is a cyclic quasi-contraction;

(d) There exists g € AU B and z,,41 = Tz, for all n > 0 such that

lim d(zy, 2np1) # d(A, B), T [lzgn4 = an[| # 0,
and
Tim |zon 13 = Zanpa|] 7# 0;
(e) T and T? are fixed point free.
Proof. (a), (b) and (e) are trivial.

(c). Let x € A and y € B. We consider the following four cases.
Case 1. x € [M,I], y = N. We have

d(Tz,Ty) =d(N,P) =1, d(z,Ty)=d(z,P)

o[ S
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So d(Tz,Ty) < %d(a:,Ty).
€ [M,I],y = Q. We have
d(Tw,Ty) = d(N,M) =2, d(y,Tx) =d(Q,N) = 5.
So d(Tz,Ty) = \/lgd(y,Tx).
Case 3. z € (I, P], y = N. We have
d(Tz, Ty) = d(Q,P) =2, d(y,Tx)=d(N,Q) = V5.

So d(Tx,Ty) = \%d(y,Tx).
Case 4. z € (I, P], y = Q. We have

Case 2. z

d(Tz, Ty) =d(Q, M) =1, d(z,Ty) =d(x, M)

o5

So d(Tx,Ty) < %d(m,Ty).

By the above four cases we find that (1.1) holds for all z € A, y € B and for some
cE [%, 1). So T is a cyclic quasi-contraction.

(d). Forxzg = M € A we find that 2y = N, 2o = P, a3 =Q, x4 =M, ..., x4, = M,
Tapt1 = N, Tany2 = P, Tunps = Q, ...

Then lim,, o0 d(Z4n, Tani1) = d(M,N) = 2 and

lim d(l‘4n+1,$4n+2) = d(N, P) =1.
n—oo
So lim,, oo d(xy,, Ty v1) does not exist. This implies that lim,, o d(zp, T,11) # d(A, B).

We also have

B [|22040 — @20l = d(P, M) = V5 # 0,

and
nh_g)lo 22013 — T2n0r1]l = d(Q, N) = V5 # 0.

Next we revise Theorem 1.1 by replacing the value
max {d(z,y), d(z, Tz), d(y, T'y), d(z, Ty), d(y, Tz)}
in (1.1) by

max {d(:p, y),d(x, Tx),d(y, Ty), d(z,Ty) —; d(y, Tx) }

as follows.

Theorem 2.1. Let A and B be nonempty subsets of a metric space X and let T :
AUB — AU B be a map such that for all z € A, y € B and some ¢ € [0,1),

d(z,Ty) + d(y, Tx) }
2

(2.1) d(Tz,Ty) < cmax {d(aj, y),d(z, Tz),d(y, Ty),
+ (1 —c)d(A, B).
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For xo € AU B, define x,.1 = Tz, for each n > 0. Then lim,_,o d(x,,T,11) =

d(A, B).

Proof. Without loss of generality we may assume that xo € A. Then z; € B, x5 € A,
, Top € A, Topy1 € B, ... By the symmetry of x and y in (2.1) we find that (2.1)
holds for x = z,, and y = x,, 1 for all n. Therefore

(2.2)

d($n+1> Tpi2)
T:L‘na Txn—i—l)

| /\

d(l‘n, Txn—l—l) + d(xn—klv Tl’n) }

d(xp, Tpg), d(Tn, Tay), d(Tpi1, Tneq), 5

d(zp, Tpy2) + d(Tps1, Tngt) }
2

ax

ax {d $n,$n+1 xnaxn+l)ad($n+1>$n+2)y

d(zp, Tpio) }

d xna xn—i—l xna In-‘,—l)a d(xn+1> xn—l—Q)y 9

d($n7 mn—i—l) + d(mn—&—ly xn+2) }

S cmax {d(fﬂn, xn+1)7 d<xm In—l—l); d($n+1, xn+2)7 2

+ (1 —c¢)d(A, B)
= cmax {d(xn, Tni1), d(Tpi1, Tnio) } + (1 — c)d(A, B).

Note that d(x,i1,Tni2) > d(A,B) for all n. If d(z,11,2042) = d(A, B) then
A(@pi1, Tny2) < d(xn, Tpi1). If d(2pi1, Tnge) > d(A, B) then from (2.2) we get

d(pi1, Tnao) < cmax{d(zp, Tpi1), d(Tpi1, Tpnio)} + (1 — )d(Tpi1, Tnio)
S max {d(xnv xn+1), d(anrla xn+2)} .
This implies that d(x,41, Tpi2) < d(Tp, Tpi1)-
So we have d(x,,11, Tpi2) < d(xy,, Tpy1) for all n, that is, the sequence {d(z,, xn11)}
is decreasing. Then there exists lim,,_, d(x,, z,4+1) = [ > 0. Note that [ > d(A, B).
Suppose that [ > d(A, B). Letting n — oo in (2.2) we get
[ <cmax{l,l} +(1—-c)d(A,B)<cl+(1—-c)l=1.

This is a contradiction. Then [ = d(A, B) and that lim,,_,o d(x,,, x,11) = d(A, B). O
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Note that for the map T and z = P, y = N and A, B as in Example 2.1 we have

d(Tz, Ty) =d(Q, P) =2, d(z,y) =d(P,N) =1,
d(z,Tz) = d(P,Q) =2, d(y, Ty) =d(N,P) =1
d(z,Ty) +d(y,Tz) d(P,P)+d(N,Q) /5 2
5 = 5 =5 d(A,B) = Nt

This implies that for all ¢ € [0, 1),

d(Tz,Ty) > cmax {d(x, y),d(x, Tx),d(y, Ty), d(x,Ty) —;— d(y, Tx) }

+(1—c)d(A, B).

So T does not satisfy the condition (2.1).

Now by using Theorem 2.1 playing the role of Theorem 1.1 in the proofs of The-
orem 1.2, Theorem 1.3 and Theorem 1.4 in [1| we get the revisions of Theorem 1.2,
Theorem 1.3 and Theorem 1.4 as follows.

Theorem 2.2. Let A and B be nonempty subsets of a uniformly convexr Banach space
X andletT : AUB — AUB be a map such that A is convex and for allxz € A, y € B
and some ¢ € [0,1) the condition (2.1) holds. For xq € AU B, define x,1 = Tz, for
each n > 0. Then lim, o ||Tons2 — Ton|| = 0 and lim,, . ||Z2,13 — Tons1]|| = 0.

Theorem 2.3. Let A and B be nonempty subsets of a uniformly convex Banach space
X andletT : AUB — AU B be a map such that A is convex and for all x € A,
y € B and some ¢ € [0,1) the conditions (2.1) and (1.2) hold. For xy € AU B, define
Tni1 = Tx, for each n > 0. Then for each € > 0 there exists nyg such that for all
m > n > ng we have ||xomy, — Tony1|| < d(A, B) + €.

Theorem 2.4. Let A and B be nonempty subsets of a uniformly convexr Banach
space X and letT : AUB — AU B be a map such that A and B are convexr and
forallz € A, y € B and some ¢ € [0,1) the conditions (2.1) and (1.2) hold. For
xg € AU B, define x,.1 = Tz, for each n > 0. Then there exists unique x € A such
that lim,, o To, = x, T?x = x and ||z — Tz|| = d(A, B).

Note that Example 2.1 may not applicable to show that Theorem 1.3 and The-
orem 1.4 are incorrect since T does not satisfy (1.2) and B is not convex. So the
following question remains open.

Question 2.1. Prove or disprove Theorem 1.3 and Theorem 1.4.

If Theorem 1.4 is proved then we may ask again the question of Amini-Harandi
in [1].

Question 2.2 (1], Question 2.8). Does the conclusion of Theorem 1.4 remains true for
cyclic quasi-contraction maps?
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