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1 Introduction and preliminaries
Let C be a nonempty closed convex subset of a real Banach space E with || - || and E* the
dual space of E. Recall that a mapping 7': C — C is said to be L-Lipschitz continuous if ||
Tx - Ty|| < L|| x - y||, V&, y € C, and a mapping T is said to be nonexpansive if ||Tx - Ty||
< |lx -], Va, ye C. A pointx e Cis a fixed point of T provided Tx = x. Denote by F(T)
the set of fixed points of T; that is, F(T) = {xe C: Tx = x}. Let A : C — E* be a mapping.
Then, A is called

(i) monotone if

(Ax — Ay, x—y) >0, Vx,yeC(C,
(ii) a-inverse-strongly monotone if there exists a constant o >0 such that
(Ax — Ay, x —y) = allAx — Ay|]*,  VxyeC.

Remark 1.1. It is easy to see that an o-inverse-strongly monotone is monotone and

;—Lipschitz continuous.

© 2011 Saewan and Kumam; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons

L]
@ Sprlnger Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


mailto:poom.kum@kmutt.ac.th
mailto:poom.kum@kmutt.ac.th
http://creativecommons.org/licenses/by/2.0

Saewan and Kumam Journal of Inequalities and Applications 2011, 2011:96 Page 2 of 20
http://www.journalofinequalitiesandapplications.com/content/2011/1/96

Let f be a bifunction of C x C into R and B : C — E* be a monotone mapping. The
generalized equilibrium problem, denoted by GEP, is to find x € C such that

flxy)+(Bx,y—x) >0, VyeC. (1.1)
The set of solutions for the problem (1.1) is denoted by GEP(f, B), that is,
GEP(f,B) :=={x € C: f(x,y) + (Bx,y —x) > 0,Vy € C}.

If B =0, the problem (1.1) reduce into the equilibrium problem for f, denoted by EP
(), is to find x € C such that

f(x,y) >0, VyeC. (1.2)

If f= 0, the problem (1.1) reduce into the classical variational inequality problem,
denoted by V I(B, C), is to find * € C such that

(Bx*,y —x*) >0, VyeC. (1.3)

The above formulation (1.1) is more general than equilibrium problem (1.2) and
cover monotone inclusion problems, saddle point problems, variational inequality pro-
blems, minimization problems, vector equilibrium problems, and Nash equilibria in
noncooperative games. In addition, there are several other problems, for example, the
complementarity problem, fixed point problem, and optimization problem, which can
also be written in the form of an GEP(f, B). In other words, the EP(f) is an unifying
model for several problems arising in physics, engineering, science, optimization, eco-
nomics, etc. In the last two decades, many articles have appeared in the literature on
the existence of solutions of EP(f); see, for example, [1,2] and references therein. Some
solution methods have been proposed to solve the GEP(f, B) and EP(f); see, for exam-
ple, [1,3-13] and references therein.

Consider the functional defined by

o(x,y) = Ixl1> — 2(x, Jy) + 711>, Vx,y € E. (1.4)

As well known that if C is a nonempty closed convex subset of a Hilbert space H
and Pc : H — C is the metric projection of H onto C, then P is nonexpansive. This
fact actually characterizes Hilbert spaces and consequently, it is not available in more
general Banach spaces. It is obvious from the definition of function ¢ that

(lxll = [yI)?* < ¢(x.y) < (lIxll + [IYI)>,  ¥x,y € E. (1.5)

If E is a Hilbert space, then ¢(x, y) = ||x - y| |2, for all x, y € E. On the other hand,
the generalized projection [14] Ilc : E — C is a map that assigns to an arbitrary point x
€ E the minimum point of the functional ¢(x, y), that is, [Igx = X, where x is the solu-

tion to the minimization problem

¢(x,x) = ;gg é(y, x), (1.6)

existence and uniqueness of the operator Il follows from the properties of the func-
tional ¢(x, y) and strict monotonicity of the mapping / (see, for example, [14-18]).

Recall that a point p in C is said to be an asymptotic fixed point of T [19] if C con-
tains a sequence {x,} which converges weakly to p such that lim,—.. ||x, -Tx,|| = 0.
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The set of asymptotic fixed points of T will be denoted by Fﬁ) A mapping T is said
to be ¢-nonexpansive, if p(Tx, Ty) < ¢(x, y) for x, y € C.

A mapping 7T from C into itself is said to be relatively nonexpansive mapping [20-22]
if

(R1) F(T) is nonempty;

(R2) ¢(p, Tx) < ¢(p, x) for all x € C and p € F(T);

(R3) F(T) = F(T)

A mapping T is said to be relatively quasi-nonexpansive (or quasi-p-nonexpansive) if
the conditions (R1) and (R2) are satisfied. The asymptotic behavior of a relatively non-
expansive mapping was studied in [23-25].

A mapping T is said to be quasi-p-asymptotically nonexpansive if F(T) = & and there
exists a real sequence {k,} < [1, ) with k,, — 1 such that ¢(p, T"x) < k,s(p, x) for all
n>1xe Cand p e F(T). We note that the class of relatively quasi-nonexpansive
mappings is more general than the class of relatively nonexpansive mappings [23-27]

which requires the strong restriction: F(T) = Fﬁ)
A mapping T is said to be closed if for any sequence {x,} © C with x,, - x and Tx,, — y,

then Tx = y. It is easy to know that each relatively nonexpansive mapping is closed.

X+y
2

[ly|]| =1and x = y. Let U = {x € E : ||x|| = 1} be the unit sphere of E. Then, a Banach

A Banach space E is said to be strictly convex if ||7)"|| < 1for all x, y € E with ||x|| =

space E is said to be smooth if the limit lim,_, ”“W'f”x”exists for each x, y € U. It is

also said to be uniformly smooth if the limit is attained uniformly for x, y € U. Let E
be a Banach space. The modulus of convexity of E is the function J : [0, 2] — [0, 1]
defined by 8(¢) = inf(1— || ™}/ |:x,y € E | x =] y = 1, Il x — y = ). A Banach space
E is uniformly convex if and only if d(¢) >0 for all ¢ € (0, 2]. Let p be a fixed real num-
ber with p > 2. A Banach space E is said to be p-uniformly convex if there exists a con-
stant ¢ >0 such that d(g) > ce # for all ¢ € [0, 2]; see [28,29] for more details. Observe
that every p-uniform convex is uniformly convex. One should note that no a Banach
space is p-uniform convex for 1 < p <2. It is well known that a Hilbert space is 2-uni-
formly convex, uniformly smooth. For each p >1, the generalized duality mapping
Jp : E— 2F is defined by J,>(x) = {x* € E*: (x, &™) = ||x||?, ||x*]| = ||| [P} for all x €
E. In particular, J = J, is called the normalized duality mapping. If E is a Hilbert space,
then J = I, where [ is the identity mapping.

Remark 1.2. If E is a reflexive, strictly convex, and smooth Banach space, then for x, y €
E, ¢(x,y) = 0 if and only if x = y. It is sufficient to show that if ¢(x, y) = O, then x = y. From
(1.4), we have ||x|| = ||y||. This implies that (x, Jy) = [|x||* = ||/y||* From the definition of
J, one has Jx = Jy. Therefore, we have x = y; see [16,18] for more details.

Remark 1.3. The following basic properties can be found in Cioranescu [16].

(i) If E is a uniformly smooth Banach space, then / is uniformly continuous on each
bounded subset of E.

(i) If E is a reflexive and strictly convex Banach space, then /' is norm-weak®*-
continuous.

(iii) If E is a smooth, strictly convex, and reflexive Banach space, then the normalized
duality mapping J : E — 2" is single-valued, one-to-one, and onto.

(iv) A Banach space E is uniformly smooth if and only if E* is uniformly convex.
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(v) Each uniformly convex Banach space E has the Kadec-Klee property, that is, for
any sequence {x,} € E, if x, ~ x € E and ||x,|| = ||x||, then x,, —> x.

In 2004, Matsushita and Takahashi [30] introduced the following iteration:
a sequence {x,} is defined by

Xn+l = Hclil((xnlxn + (1 - an)]Txn)/ (1.7)

where the initial guess element x, € C is arbitrary, {o,,} is a real sequence in [0, 1],
T is a relatively nonexpansive mapping, and Il denotes the generalized projection
from E onto a closed convex subset C of E. They proved that the sequence {x,} con-
verges weakly to a fixed point of T . Later, in year 2005, Matsushita and Takahashi
[26] proposed the following hybrid iteration method with generalized projection for
relatively nonexpansive mapping 7 in a Banach space E:

xo € C chosen arbitrarily,

Yn = ]_1(an]xn + (1 - Ofn)]Txn)r

Cn={z€C:¢(z,yn) < ¢(z xn)}, (1.8)
Qu=1{zeC: (xy —zJxo — Jxu) > 0},

Xne1 = Hg,nq,%o-

They proved that {x,} converges strongly to IIgxo, where Iy is the generalized
projection from C onto F(7).

In 2008, Iiduka and Takahashi [31] introduced the following iterative scheme for
finding a solution of the variational inequality problem for an inverse-strongly mono-
tone operator A in a 2-uniformly convex and uniformly smooth Banach space E : x; =
x e Cand

Xne1 = TS (Jxn — AnAxy), (1.9)

for every n = 1, 2, 3,..., where Il¢ is the generalized metric projection from E onto C,
J is the duality mapping from E into E*, and {4,} is a sequence of positive real num-
bers. They proved that the sequence {x,} generated by (1.9) converges weakly to some
element of V I(4, C).

In [32,33], Takahashi and Zembayashi studied the problem of finding a common ele-
ment of the set of fixed points of a nonexpansive mapping and the set of solutions of
an equilibrium problem in the framework of Banach spaces. Wattanawitoon and
Kumam [34] using the idea of Takahashi and Zembayashi [32] extend the notion from
relatively nonexpansive mappings or ¢-nonexpansive mappings to two relatively quasi-
nonexpansive mappings and also proved some strong convergence theorems to
approximate a common fixed point of relatively quasi-nonexpansive mappings and the
set of solutions of an equilibrium problem in the framework of Banach spaces.

On the other hand, the block iterative method is a method which often used by
many authors to solve the convex feasibility problem (see, [11,35,36], etc.). In 2008,
Plubtieng and Ungchittrakool [37] established strong convergence theorems of block
iterative methods for a finite family of relatively nonexpansive mappings in a Banach
space by using the hybrid method in mathematical programming. In 2010, Chang et al.
[38] proposed the modified block iterative algorithm for solving the convex feasibility
problems for an infinite family of closed and uniformly quasi-¢-asymptotically nonex-
pansive mapping, they obtain the strong convergence theorems in a Banach space.
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In this article, motivated and inspired by the study of Chang et al. [38], Qin et al. [9],
Takahashi and Zembayashi [32], Wattanawitoon and Kumam [34], and Zegeye [39], we
introduce a new modified block hybrid projection algorithm for finding a common ele-
ment of the set of the variational inequality for an a-inverse-strongly monotone opera-
tor, the set of solutions of the generalized equilibrium problems, and the set of
common fixed points of an infinite family of closed and uniformly quasi-¢-asymptoti-
cally nonexpansive mappings which more general than closed quasi-¢-nonexpansive
mappings in the framework Banach spaces. The results presented in this article
improve and generalize the main results of Chang et al. [38], Zegeye [39], Wattanawi-
toon and Kumam [34], and some well-known results in the literature.

2 Basic results
We also need the following lemmas for the proof of our main results.

Lemma 2.1. (Beauzamy [40] and Xu [41]). If E be a 2-uniformly convex Banach
space. Then, for all x, y € E, we have

2
[x=yl= , IJx=Jyl
c

where ] is the normalized duality mapping of E and 0 < ¢ < 1.

The best constant i_ in lemma is called the p-uniformly convex constant of E.

Lemma 2.2. (Beauzamy [40] and Zalinescu [42]). If E be a p-uniformly convex
Banach space and let p be a given real number with p > 2. Then, for all x, y € E, j, €
Jp(x), and j, € J,(y)

o
o o
e T L

where ], is the generalized duality mapping of E, and iis the p-uniformly convexity
constant of E.

Lemma 2.3. (Kamimura and Takahashi [17]). Let E be a uniformly convex and
smooth Banach space and let {x,} and {y,} be two sequences of E. If ¢(x,, y,) — 0 and
either {x,} or {y,} is bounded, then ||x, - y,|| = 0.

Lemma 2.4. (Alber [14]). Let C be a nonempty closed convex subset of a smooth
Banach space E and x € E. Then, xy = llcx if and only if

(xo —y, Jx —Jxo) >0, VyeC.

Lemma 2.5. (Alber [14]). Let E be a reflexive, strictly convex, and smooth Banach
space, let C be a nonempty closed convex subset of E and let x € E. Then,

¢(Y/ ch) + ¢(ch/ x) = ¢(y1 x)' Vy eC.

For solving the equilibrium problem for a bifunction f: C x C — R, let us assume
that f satisfies the following conditions:

(A1) fix,x) =0 for all x € G;

(A2) fis monotone, i.e, fix, y) + fly, x) <0 forallx, ye C;

(A3) for each v, y, z€ C,

l}fg fltz+ (1 —0)xy) < f(xy);
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(A4) for each x € C, y o flw, y) is convex and lower semi-continuous.

Lemma 2.6. (Blum and Oettli [1]). Let C be a closed convex subset of a smooth,
strictly convex, and reflexive Banach space E, let f be a bifunction from C x C to R
satisfying (A1)-(A4), and let r >0 and x € E. Then, there exists z € C such that

1
flzy) + r(y—z,lz—lx> >0, VyeC.

Replacing x with J'(Jx - rBx), where B is a monotone mapping from C into E*, then
there exists z € C such that

f(zy)+(Bz,y —z) + i(y—z,lz—m >0, VyeC.

Lemma 2.7. (Zegeye [39]). Let C be a closed convex subset of a uniformly smooth,
strictly convex, and reflexive Banach space E, and let f be a bifunction from C x C to R
satisfying (A1)-(A4), and let B be a monotone mapping from C into E*. For r >0 and x
€ E define a mapping T, : C — C as follows:

Tx = {zeC:f(z,y)+(Bx,y—z)+ 1(y—z,]z—]x) >0, VyeC}

for all x € C. Then, the following hold:
(1) T, is single-valued;
(2) T, is a firmly nonexpansive-type mapping, for all x, y € E,

(Tix — Ty, JTix = JTyy) < (Tix — Tyy, Jx = Jy);

(3) E(T,) = GEP(f, B);

(4) GEP(f, B) is closed and convex.

Lemma 2.8. (Zegeye [39]). Let C be a closed convex subset of a smooth, strictly con-
vex, and reflexive Banach space E, let f be a bifunction from C x C to R satisfying (Al)-
(A4), and let B be a monotone mapping from C into E*. For r >0, x € E, and q € F(T,),
we have that

#(q, Trx) + ¢(Tix, x) < ¢(q, x).

Let E be a reflexive, strictly convex, smooth Banach space and J is the duality map-
ping from E into E*. Then, J° Lis also single value, one-to-one, surjective, and it is the
duality mapping from E* into E. We make use of the following mapping V studied in
Alber [14]

V0 x) = || x[1? = 20x,x%) + || 2| (2.1)

for all x € E and x* € E*, that is, V(x, x*) = é(x, ] (x*)).
Lemma 2.9. (Alber [14]). Let E be a reflexive, strictly convex, smooth Banach space
and let V be as in (2.1). Then,

V(X x*) + 207 (x*) — x,p%) < V(x, x* +y¥)

for all x € E and x*, y* € E*.

An operator M C E x E* is said to be monotone if (x - y, x* - y*) > 0 whenever (x,
x*), (v, y*) € T. We denote the set {x € E: 0 e Tx} by M~10. A monotone M is said
to be maximal if its graph G(M) = {(x,y) : y € Mx} is not property contained in the
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graph of any other monotone operator. If M is maximal monotone, then the solution
set M~10 is closed and convex. Let E be a reflexive, strictly convex, and smooth
Banach space, it is known that AM is a maximal monotone if and only if
R(J +rM) = E* for all r > 0. Define the resolvent of M by J.x = x,. In other words,
= +rM)7Y for all r > 0. ], is a single-valued mapping from E to D(M). Also,
M~Y(0) = F(J;) for all r > 0, where F(J,) is the set of all fixed points of J,. Define, for
r > 0, the Yosida approximation of M by M, =(J—]JJ)/r. We know that
M;x € M(Jyx) forall r > 0 and x € E.

Let A be an inverse-strongly monotone mapping of C into E* which is said to be
hemicontinuous if for all x, y € C, the mapping F of [0, 1] into E*, defined by F(t) = A
(¢x + (1 -t)y), is continuous with respect to the weak* topology of E*. We define by N¢
(v) the normal cone for C at a point v € C, that is,

Nc(v) ={x* € E*: (v —y,4%) > 0,Vy € C}. (2.2)

Lemma 2.10. (Rockafellar [43]). Let C be a nonempty, closed convex subset of a
Banach space E, and A is a monotone, hemicontinuous operator of C into E*. Let
M C E x E*be an operator defined as follows:

Av+Nc(v), veG
Potherwise.

Muv = (2.3)

Then, Mis maximal monotone and M~10 = VI(A, C).

Lemma 2.11. (Chang et al. [38]). Let E be a uniformly convex Banach space, r >0 be
a positive number and B,(0) be a closed ball of E. Then, for any given sequence
{xi}°, C B;(0)and for any given sequence {\i}X\0f positive number with Y o1 Ap =1,
there exists a continuous, strictly increasing, and convex function g : [0, 2r) — [0, )
with g(0) = 0 such that, for any positive integer i, j with i < j,

00
D ks
n=1

Lemma 2.12. (Chang et al. [38]). Let E be a real uniformly smooth and strictly convex

2 oo
<Dl all® = Ridgg(Il xi = x5 1) (2.4)
n=1

Banach space, and C be a nonempty closed convex subset of E. Let T : C — C be a closed
and quasi-p-asymptotically nonexpansive mapping with a sequence {k,} € [1, «), k, —> 1.
Then, F (T') is a closed convex subset of C.

3 Main results

Definition 3.1. (Chang et al. [38]) (1) Let {Si}%, : C — C be a sequence of mapping.
{Si}i5) is said to be a family of uniformly quasi-p-asymptotically nonexpansive map-
pings, it F =N F(Sy) #9, and there exists a sequence {k,} € [1, ) with k, > 1
such that for each i > 1

o(p, Six) <knpp(p,x), VpeF, xeC, Vn>1. (3.1)

(2) A mapping S : C — C is said to be uniformly L-Lipschitz continuous, if there
exists a constant L >0 such that
I $*—=S"ylI=Lllx—yl, VYxyeC. 3.2)

In this section, we prove the new convergence theorems for finding the set of solu-
tions of a general equilibrium problems, the common fixed point set of a family of
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closed and uniformly quasi-¢-asymptotically nonexpansive mappings, and the solution
set of variational inequalities for an o-inverse strongly monotone mapping in a 2-uni-
formly convex and uniformly smooth Banach space.

Theorem 3.2. Let C be a nonempty closed and convex subset of a 2-uniformly convex
and uniformly smooth Banach space E. Let A be an o-inverse-strongly monotone map-
ping of C into E* satisfying ||Ay|| < ||Ay - Aul|, Vye Cand ue VI, C) 2 . Let f
be a bifunction from C x C to R satisfying (Al)-(A4) and B be a continuous monotone
mapping of C into E*. Let {S;}2, : C — Cbe an infinite family of closed uniformly L;-
Lipschitz continuous and uniformly quasi-p-asymptotically nonexpansive mappings
with a sequence {k,} < [1, o), k, = 1 such that F := N2, F(S;) N GEP(f, B) N VI(A, C)is
a nonempty and bounded subset in C. For an initial point xy € E with x1 = Ilc,Xoand
C, = G, we define the sequence {x,} as follows:

Zn = HC]_I(]xn - )MnAxn),
Yn =T (anoxn + 2oy otn,iISI'20),
f(uny) + (Byn,y = un) + | {y = tin, Jun — Jyn) 20, Vy€C, (3.3)

Ch1={z€Cy;: ¢(Z/ un) < ¢(Z/ xn) +Cn),
Xpe1 = g, %0, VYn=>1,

where {,, = supge r (k, -1)9(q, x,,), {00} is sequence in [0, 1], {r,,} € [d, ) for some d
> 0 and {A,} € [a, b] for some a,b with 0 <a <b <c*o/2, where iis the 2-uniformly con-
vexity constant of E. If Y i an,i = Yfor all n > 0 and lim inf, ,.. o, 00,; > 0 for all i >
1, then {x,} converges strongly to p € F, where p = Tlpx,.

Proof. We first show that C,,; is closed and convex for each n > 0. Clearly, C; = C
is closed and convex. Suppose that C, is closed and convex for each n € N. Since for
any z € C,, we know that ¢(z, u,) < ¢(z, x,,) + {, is equivalent to 2(z, Jx,, - Ju,) < ||
%l |* - ||4al|* + &, . Hence, C,,,; is closed and convex. Next, we show that F € C, for
all # > 0. Indeed, put u, = T,y for all # > 0. On the other hand, from Lemma 2.7, one
has T;,is relatively quasi-nonexpansive mappings and F € C; = C. Suppose F < C, for
n e N, by the convexity of || - ||? property of ¢, Lemma 2.11 and by uniformly quasi-
¢-asymptotically nonexpansive of S,, for each g € F € C,, we have

#(d,un) = ¢(4, Tr,yn)
<9(q.yn)

=¢ (q, J! (an,olxn + Zan,ils?zn»

i=1
o) 2
ap,0fXn + § an,ils?zn

i=1

=l (1H2 -2 <q/ ay,0)Xn + Zan,ils,ﬂzn> +

i=1

2

o0
an,O]xn + Z an,i]S?zn)

i=1

=11 11> = 20,00, Jxa) = 2 Y (4, ISTzn) +

i=1

<11 g1 = 20,0(d, %) =2 ) @ni{d,JSTzn) + @no | Jxull® + D etni Il JS}2nll? (3.4)
i=1 i=1 .

— O, 00n,;8 Il Jzn _]S;lzn I

=11 411> = 20n,0(q, Jxa) + o | Jnll> =2 etnild, IS} 2n)

i=1
o0
+ Y i ST 2al? = ctno0njg Il Jn — JS]20 |
i=1
oo
= Oln,o¢(f1, xn) + Zan,i(P(ql S?Zn) — 0n,00n,i8 Il Jzn — ]S?Zn I
i=1

< ano09(q, xn) + Zan,ikn¢(qr 2y) — On,00n,i§ [l Jzn — ]S;‘zn I

i=1
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It follows from Lemma 2.9 that

?(q,2n) = d(q, TlcJ ' (Jxn — AnAxy))
< (g, Jxn — AnAxn))
= V(q,Jxn — knAxy)
< V(4 Uxn — nAxp) + AnAxy) — 207 (Jxn — AnAxn) — G, AnAxy)
= V(q,J%n) = 220 (™ %0 — AnAAX) — g, Axy)
= ¢(q,xn) — 2hn(Xn — g, Axn) + 207 (JXn — AnAXn) — Xn, —AnAXp).

(3.5)

Since g € V I(A, C) and A is an a-inverse-strongly monotone mapping, we have

—2hn{Xn — q, Axn) = =205 (Xn — q, Axn — Aq) — 204 (xn — 4, Aq)
< =2ulxn — q, Axn — Aq) (3.6)
= —2ak, || Ax, — Aq|*.

From Lemma 2.1 and A is an o-inverse-strongly monotone mapping, we also have

2(]_1 an - )LnAxn) — X, —ApAxy) = 2(]_1(]xn - )\nAxn) - ]_1(]x‘r!)r —AnAxy)
< 2117 0w = AnAxn) = T Un) ] AnAt |

< 317 Uxn = AnAxn) — I () 1l 2nAxy |
= fz I Joxn — AnAxy — Jxu ||| AnAxy || (37)
= 3 1 AAx,|?

4,2 2
2y T Al

A02 || Ax, — Aql®.

A

Substituting (3.6) and (3.7) into (3.5), we obtain

?(d,2n) < D(d,xn) — 20y | Axy — Aql* + 327 || Ax — Aqll?
= ¢(q, %n) + 20n( 320 — @) || Axy — Aq|? (3.8)
< ¢(q, xn).

Substituting (3.8) into (3.4), we also have

¢(qr un) = an,O¢(‘]r xn) + Zan,ikn¢(q/ xn) — Un,00n,j§ | Jz), — ]S;lzn I

i1
= an,Okn¢(q/ xn) + Z an,ikn¢(q/ xn) — Op,00n,i§ | Jzu — ]S?Zn I
i=1
< knd(q, %n) — ano00tnig | Jzn — JSjzn ||
=< ¢(q/ xn) + Sug(kn - 1)¢(q/ xn) — Un,00n,j§ Il Jzn — ]S;lzn Il
qe

(3.9

= ¢(q/ xn) + &n — On,000n,i§ | Jzy, — ]S]ﬂzn Il
< &(q, %) + Cn-
This shows that g € C,,; implies that F € C,,,; and hence, F € C,, for all n > 0. This

implies that the sequence {x,} is well defined. From definition of C,,; that x, = Ilc,Xo
and xp,1 = I¢,,, %0 € Cyi1 C Gy, we have

@ (xn, X0) < d(Xna1, %), Vn=>0. (3.10)
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By Lemma 2.5, we get

& (xn, x0) = ¢(I1c,x0, X0)
< ¢(4,x0) — ¢(q, xn) (3.11)
< ¢(q,x0), YqeF.

From (3.10) and (3.11), then {¢(x,, x0)} are nondecreasing and bounded. Hence, we
obtain that lim,,_,.. ¢(x,, xo) exists. In particular, by (1.5), the sequence {(||x,]|| - ||xo||)?} is
bounded. This implies {x,;} is also bounded. Denote

K = sup{|| x [[} < oo. (3.12)

n>0
Moreover, by the definition of {{,;} and (3.12), it follows that

tn— 0 asn— oo. (3.13)

Next, we show that {x,} is a Cauchy sequence in C. Since xp = Ilg,x0 € Cy C Cy, for
m > n, by Lemma 2.5, we have

& (Xm, %) = ¢ (xm, [, Xo0)
< ¢(xm, x0) — ¢(Ic,x0, X0)
= @(xm, X0) — P (%xn, X0).

Since lim,, ,.. ¢(x,, xo) exists and we taking m, n — o, then we get ¢(x,,, x,) — 0.
From Lemma 2.3, we have lim,, ,.. [|x,, -x,,|| = 0. Thus, {x,} is a Cauchy sequence and
by the completeness of E and there exist a point p € C such that x,, > p as n — oo,

Now, we claim that ||Ju,, - Jx,|| — 0, as n — . By definition of Il¢,xo, we have

¢(xn+1/xn) = ¢(~xn+1/ l_[C,IJCO)
< ¢(xn41,%0) — ¢(T1c,x0, X0)

= ¢ (Xn+1,%0) — P (xn, X0).
Since lim,,_,.. ¢(x,, xo) exists, we also have
nlggo ¢ (Xn+1, %) = 0. (3.14)
Again from Lemma 2.3 that

lim || X1 — %, [|= 0. (3.15)

n—o0
From J is uniformly norm-to-norm continuous on bounded subsets of E, we obtain
Jim | Jxnia = Jxn 1= 0. (3.16)
Since xu41 = I¢,,, X0 € Cpe1 C Cyy and the definition of C,,,;, we have
@ (Xns1, Un) < P(Xni1, Xn) + En.
By (3.14) and (3.13) that
Jim ¢ (x,1, tn) = 0. (3.17)
Again applying Lemma 2.3, we have

lim || X1 — uy ||= 0. (3.18)

n—o0
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Since

| un — % | =l Un — Xps1 + Xpe1 — X ||

<l v = X1 I+ 1 Xps1 — X0 |-
It follows that

lim || u, —x, ||= 0. (3.19)
n—-oo

Since J is uniformly norm-to-norm continuous on bounded subsets of E, we also

have

lim || Ju, —Jx, |I= 0. (3.20)
n—oo

Next, we will show that p € F := GEP(f, B) N (N5, F(S)) N VI(A, C).
(a) First, we show that p € GEP(f, B). From (3.4) and (3.8), we get ¢(p, ¥,) < ¢(p, x,,).
By Lemma 2.8 and uy = Ty, yn, we observe that

¢(“nr yn) = ¢(TTnynr yn)
<é(q.vn) —¢(q, Trn)’n)
< ¢(q, %) — ¢(q, Ty, yn)
= ¢(q,xn) — (g, un) (3.21)
=1l q1* — 24q, Jxn)+ | xall> = (I 911 — 24q, Jun)+ || unll?)
=l xall>= Il unll® — 24q, Jn — Juin)

I X = wn L (o I+ un 1)+ 200 g I Txn — Jun |l

From (3.19), (3.20), and Lemma 2.3, we have

Jim | un =y lI= 0. (3.22)
Again since J is uniformly norm-to-norm continuous, we also have

Jim [ Jup = Jyn II= 0. (3.23)
From (A2), we note that

(BYn, ¥y — tn) + |y = tn, Jun —Jyn) = —f (tn,y) = f(y, 1), V¥ €C,
and hence

(BYn,y — ttn) + (y = Uy, ’"";’“) > f(r.un), VyeC. (3.24)
FortwithO< t<landye C, lety, =ty + (1 -t)p. Then, y, € C and hence

0> —(Byn, yt — Un) — (yt — Uy, ]"";]y") +f(yun), Yy eC.
It follows that

(Bu, Y — n) = (Byi, Y — tn) — (Byn,Ye — thn) — (yz — iy, ’“";'”) +f(iun), VyieC
= <B}/Lr Ve — Un) — (Buy, Ve — un) + (Bup, Ve — Up)
— By — ) = (v =, ")+ f ), Wy e C

= (B = B, i = thn) + Bitn — B ¥ — tt) = (= e " ")+ f i n), Vi€ €,
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By the continuity of B, /, and from (3.22) and (3.23), we obtain that By, - By, — 0 as

un—Iynll
Tn

n — o, From r, > 0 then — 0 as n — oo. Since B is monotone, we know that

(By; - Bu,, y; - u,) = 0. Thus, it follows from (A4) that
f(ve, p) < lim inf f(ye, un)
n—0o0

< nlggo (Bys, yr — up)

= (Byuy: — p).
From the conditions (A1) and (A4) we have
0=f(yuv)

< uy)+ (1 =0f (v p)
=< tf(}/u y) + (1 - t)<B}’n Ye — P)
<t (yuy)+ (1 —OuBy,y —p),

and hence
0<f(ruy)+ (1 = O)Byuy—p).
Letting t — 0, we have
0<f(py)+(Bpy—p), VyeC

This implies that p € GEP(f, B).
(b) We show that p € N, F(S;). From (3.4) and (3.8), for g € F, we have

lim ¢ (q,yn) = &(d,p)- (3.25)

We note that

& (tn, zn) = O(Tr,Vn zn)
< ¢(q,xn) — ¢(q, T, yn)
< &(q,xn) — ¢(d,¥n)

— 0 asn— oo.

From Lemma 2.3, we get

Jim | un =z [I= 0. (3.26)
By using the triangle inequality, we have

%0 —zn 1<l %n —tn I + [l up — 20 |-
It follows from (3.19) and (3.26) that

lim [ %, —zn [I= 0, (3.27)
and J is uniformly norm-to-norm continuous, we also have

Jim || Jzn = Jxn ||= 0. (3.28)
By using the triangle inequality, we obtain

I %ner = Yo =N Xner =t [+ 1 st =y |l (3.29)
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By (3.18) and (3.22), we get
lim || X1 —yn 1= 0. (3.30)
n—oo

Since J is uniformly norm-to-norm continuous, we obtain
lim || Jxp1 —Jya = 0. (3.31)
n—0o0

From (3.3), we note that

oo
1 J%er = Tym Il = |Joner — (noon + > tn,iJS'z)

i=1

o o
n
= |an,0/Xne1 — otn,0)Xy + Zan,i]xwrl - Zan,ijsi Zn

i=1 i=1

= an,OerHl —].X'n) + Zaﬂ,i(]fol —]S?Zn)

i=1

= Zan,i(]xnﬂ — ]S?Zn) — Ofn,O(]xn _]xn+l)

i=1

oo
=Y ot | xner = IS} 2n | —0tno Il Jatw = Jonan |l
i=1

and hence

” ]xm—l — ]S?Zn ”5 Z?%Oln,i (” ]xn+1 - ]Yn ” +0p,0 “ ]xn — ]xm,l ||) (332)

From (3.16), (3.31), and lim inf,_, ., > o) ani > 0, for each i > 1, we obtain that

lim | Jxp1 —JSizn ||= 0. (3.33)
n—00

. 1. . .
Since J is uniformly norm-to-norm continuous on bounded sets, we have

lim || X1 — Siz, ||I= 0. (3.34)

n—oo
Again by using the triangle inequality, for each i > 1, we get
| zn — S?Zn 1<l zZn — Xn | + | X0 — Xne1 | + || Xne1 — S?Zn .

From (3.15), (3.27), and (3.34), for each i > 1, it follows that

lim || z, — S}z, ||= 0. (3.35)
n—oo
Since lim,,_,.. ||x, - z,|| = 0 and x,, > p as n — oo, imply that z, — p as n — . By

using the triangle inequality, for each i > 1
I Sizn —p 1<l Sizn —2n |l + 120 —p Il -
For each i > 1, we have
Tim || 8%z, = p [I= 0. (3.36)

Moreover, by the assumption that for each i > 1, S; is uniformly L;-Lipschitz continu-
ous, hence we have
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1 1 1 1
” S;H Zn — S?ZVL ” 5” S;H Zn — S;H Zn+1 ” + ” S;H Zn+1 — Zn+l ” + ” Zn+1 — Zn ” + ” Zn — S?Zn ” (3 37)

1
S(Li+ 1)l zner —2a |+ 11 SF 2ner — Zner || + 1l 20 — Slnzn Il

By (3.15) and (3.35), it yields that || S?*lzn — 8z, |- 0. From S}z, — p, we have
S;”lz,1 — p, that is, SiS{'zy — p. In view of closeness of S;, we have Sp = p, for all i >
1. This imply that p € N, F(S;)

(c) We show that p € V I(A, C). Indeed, define M c E x E* by

Av+Nc(v), veC

3 veC. (3.38)

M- |

By Lemma 2.10, M is maximal monotone and M~10 = VI(A, C). Let (v, w) € G(M).
Since w € Mv = Av + N¢(v), we get w - Av e Nc(v).

From z, € C, we have

(v— 2z, w— Av) > 0. (3.39)
On the other hand, since z, = IIcJ ' (Jx,, - A,Ax,,). Then, by Lemma 2.4, we have

(v —zp,Jzn — (Jxn — AnAxy)) > O,
and thus

<v — 2, Mo Axn> <o. (3.40)

It follows from (3.39) and (3.40) that

(V—zp,w) > (v—zy, Av)

v

(v —zn, Av) + (v — 2y, ’x";fz" — Axn>

(U — Zn, Av — Ax,,) + <]} — Zy, ]xn)L—]Zn>

= (V= 2, AV — Azp) + (U — 2, Az — Axy) + (u — Zn ’xn;f2">
—An ]n*] n

> = lv—z || B = vz | Vo

> _M (Hzn—xnu + \uxn—fznu)l

- o a

where M = sup,-1 ||V - z,||- Take the limit as # — < and (3.28), we obtain (v - p, w)
> 0. By the maximality of M, we have p € M~10, that is, p e V I(4, C).

Finally, we show that p = [1zxo. From x, = Ilc,Xo, we have (Jxo - Jx,, x,, - 2) 2 0, Vz €
C,,. Since F < C,, we also have

(Jxog — Jxn, xn —y) 20, Vye€eF.

Taking limit # — oo, we obtain
(xo—Jpp—y) =0, VyeF.

By Lemma 2.4, we can conclude that p = IIgxg and x, — p as n — oo. This com-
pletes the proof. O

If S; = S for each i € N, then Theorem 3.2 is reduced to the following corollary.

Corollary 3.3. Let C be a nonempty closed and convex subset of a 2-uniformly convex
and uniformly smooth Banach space E. Let A be an o-inverse-strongly monotone map-
ping of C into E* satisfying ||Ay|| < ||Ay - Aul|, Vye Cand ue VIA, C) = &. Let f
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be a bifunction from C x C to R satisfying (Al1)-(A4) and B be a continuous monotone
mapping of C into E*. Let S : C — C be a closed uniformly L-Lipschitz continuous and
quasi-¢-asymptotically nonexpansive mappings with a sequence {k,} < [1, ), k,, > 1
such that F := F(S\NGEP(f, B)nV I(A, C) is a nonempty and bounded subset in C. For
an initial point xq € E with x1 = Ilg,xoand C, = C, we define the sequence {x,} as fol-

lows:

Zn = ncjil(]xn - }\nA-xn)/
Y =7 (@nlxn + (1 — @)]S"2n),
f(tn,y) + By, ¥ = tn) + |y =ty Jun —Jya) =0, Vy €C, (3.41)

Ch1=1{z€Cy: ¢(Z/ un) = ¢(Z/ xn) +Ln),
X1 = Mg, X0, YR 2>1,

where {,, = sup,c r (k, - 1)p(q, x,,), {a,} is sequence in [0, 1], {r,} < [d, «) for some d
>0 and {A,;} < la, b] for some a, b with 0 < a < b < 2al2, where iis the 2-uniformly
convexity constant of E. If lim inf, ... o,,(1 - &) >0, then {x,} converges strongly to p €
F, where p = IIf x.

For a special case that i = 1, 2, we can obtain the following results on a pair of quasi-
¢-asymptotically nonexpansive mappings immediately from Theorem 3.2.

Corollary 3.4. Let C be a nonempty closed and convex subset of a 2-uniformly convex
and uniformly smooth Banach space E. Let A be an o-inverse-strongly monotone map-
ping of C into E* satisfying ||Ay|| < ||Ay - Aul|, Vye Cand ue VIA, C) = &. Let f
be a bifunction from C x C to R satisfying (A1)-(A4) and B be a continuous monotone
mapping of C into E*. Let S, T : C — C be two closed quasi-¢-asymptotically nonexpan-
sive mappings and uniformly L, Lt -Lipschitz continuous, respectively, with a sequence
{k,} € [1, =), k,, > 1 such that F := F(S) n F (T ) n GEP(f, B) n V I(A, C) is a none-
mpty and bounded subset in C. For an initial point xq € E with x1 = Il¢,xoand C; = C,
we define the sequence {x,} as follows:

Zn = HC]_I(]xn - )MnAxn),

Yn = ]_l(an]xn + IBn]SnZn + Vn]Tnzn),

funy) + (Byn,y = un) + | {y = tin, Jun — Jyn) 20, Vy€C, (3.42)
Ci1={z€Cy: ¢(Z/ un) < ¢(Z/ xn) +Cn

Xni1 = ¢, X0, V=1,

where (, = supge p (k, - 1)P(q, %), {0}, B} and {y,} are sequences in [0, 1], {r,} €
[d, =) for some d >0 and {A,} < |a, b] for some a, b with 0 < a < b < c*ot/2, where iis
the 2-uniformly convexity constant of E. If ot,, + B, + ¥V, = 1 for all n 2 0 and lim
inf, ,.. @,B, > 0 and lim inf,_,.. oy, > 0, then {x,} converges strongly to p € F, where
p = Tgxo.

Corollary 3.5. Let C be a nonempty closed and convex subset of a 2-uniformly convex
and uniformly smooth Banach space E. Let A be an o-inverse-strongly monotone map-
ping of C into E* satisfying ||Ay|| < ||Ay - Aul|, Vye Cand ue VI, C) = . Let f
be a bifunction from C x C to R satisfying (Al1)-(A4) and B be a continuous monotone
mapping of C into E*. Let {Si}72, : C — Cbe an infinite family of closed quasi-¢-nonex-
pansive mappings such that F := N2 F(S;) N GEP(f, B) N VI(A, C) # @.For an initial

point xq € E with x1 = ¢, xoand C; = C, we define the sequence {x,} as follows:
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Zp = HC]_Ian - )"nAxn)r

Vi =T (ctn0J%n + Yooy n,iJSizn),

fun,y) + By y = tn) + |y =ty Jun —Jya) =0, Vy €C, (3.43)
Ci1={zeCy: ¢(Z, un) =< ¢(Z/ xn)}/

Xne1 = Mg, X0, YVn =1,

n+1

where {0} is sequence in [0, 1], {r,} € [d, o) for some d > 0 and {1,} < [a, b] for
some a, b with 0 <a <b <c*a/2, where iis the 2-uniformly convexity constant of E. If
Yo eni = Yor all n > 0 and lim inf,_,.. &, 00,; > 0 for all i > 1, then {x,} converges
strongly to p € F, where p = Tpx,,.

Proof Since {Si}7°, : C — C is an infinite family of closed quasi-¢-nonexpansive map-
pings, it is an infinite family of closed and uniformly quasi-¢-asymptotically nonexpan-
sive mappings with sequence k, = 1. Hence, the conditions appearing in Theorem 3.2
F is a bounded subset in C and for each i > 1, §; is uniformly L;-Lipschitz continuous
are of no use here. By virtue of the closeness of mapping S; for each i = 1, it yields
that p € F(S;) for each i > 1, that is, p € N, F(S;). Therefore, all the conditions in The-
orem 3.2 are satisfied. The conclusion of Corollary 3.5 is obtained from Theorem 3.2
immediately. O

Corollary 3.6. [39, Theorem 3.2] Let C be a nonempty closed and convex subset of a
2-uniformly convex and uniformly smooth Banach space E. Let A be an o-inverse-
strongly monotone mapping of C into E* satisfying ||Ay|| < ||Ay - Aul|, Vy € C and u
e VIA, C) = &. Let f be a bifunction from C x C to R satisfying (A1)-(A4) and B be a
continuous monotone mapping of C into E*. Let {Si}, : C — Cbe a finite family of
closed quasi-p-nonexpansive mappings such that
F:=nY,F(S))NGEP(f,B)NVI(A,C) #¥. For an initial point x, € E with

= Il¢,x0and C1 = C, we define the sequence {x,} as follows:

Zn = HC]_I(]xn - )MnAxn),
Yn = _l(an ofxy + 221 an,ilsizn),
fun, y) + (Byn y — thn) + 1 (y — thn, Juy = Jy) 20, Vy€C, (3.44)

n+1 = {Z € C ¢(Z/ un) = ¢(Z, xn)}
Xne1 = g, X0, Vn>1,

where {0, ;} is sequence in [0, 1], {r,} € [d, «) for some d >0 and {1,} < [a, b] for
some a, b with 0 < a < b < c*a/2, where iis the 2-uniformly convexity constant of E. If
o; € (0, 1) such that Zﬁo a; = 1, then {x,} converges strongly to p € F, where p = Tgx,,.

Remark 3.7. Theorem 3.2, Corollaries 3.5 and 3.6 improve and extend the corre-
sponding results in Wattanawitoon and Kumam [34] and Zegeye [39] in the following

senses:

« from a solution of the classical equilibrium problem to the generalized equili-
brium problem with an infinite family of quasi-¢-asymptotically mappings;

« for the mappings, we extend the mappings from nonexpansive mappings, rela-
tively quasi-nonexpansive mappings or quasi-¢-nonexpansive mappings and a finite
family of closed relatively quasi-nonexpansive mappings to an infinite family of
quasi-¢-asymptotically nonexpansive mappings.
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4 Deduced theorems

Corollary 4.1. Let C be a nonempty closed and convex subset of a uniformly convex
and uniformly smooth Banach space E. Let f be a bifunction from C x C to R satisfying
(A1)-(A4). Let B be a continuous monotone mapping of C into E*. Let {Si}i2, : C — Cbe
an infinite family of closed and uniformly quasi-¢-asymptotically nonexpansive map-
pings with a sequence {k,} € [1, ), k, > 1 and uniformly L;-Lipschitz continuous such
that F := N2 F(S;) N GEP(f, B)is a nonempty and bounded subset in C. For an initial

point xq € E with x1 = g, xoand C, = C, we define the sequence {x,} as follows:

V=T (@n,oJxn + 3%y i) S xn),

fun,y) + (Byn,y — thn) + } (¥ — thn, Juy = Jy) =0, Vy€C,
Ch1={zeCy: ¢(ZI un) =< ¢(Z, Xn) +Cnls

¥n1 =TIlc,, %0, VYn =0,

(4.1)

where {, = supge r (k, - 1)P(q, x,,), 1t} is sequence in [0, 1], {r,,} < [a, o) for some a
> 0. If Y5 oni = Yor all n 2 0 and lim inf,_,.. 0,,00,; > 0 for all i > 1, then {x,} con-
verges strongly to p € F, where p = [1x,,.

Proof Put A = 0 in Theorem 3.2. Then, we get that z,, = x,,. Thus, the method of
proof of Theorem 3.2 gives the required assertion without the requirement that E be
2-uniformly convex. D

If setting B = 0 in Corollary 4.1, then we have the following corollary.

Corollary 4.2. Let C be a nonempty closed and convex subset of a uniformly convex
and uniformly smooth Banach space E. Let f be a bifunction from C x C to R satisfying
(A1)-(A4). Let {Si}2, : C— Cbe an infinite family of closed and uniformly quasi-
¢-asymptotically nonexpansive mappings with a sequence {k,} € [1, ), k, > 1 and
uniformly L-Lipschitz continuous such that F := N2 F(S;) N EP(f)is a nonempty and
bounded subset in C. For an initial point xy € E with x1 = Ilc,xoand C; = C, we define
the sequence {x,} as follows:

Yn = ]_1 (an,Oan + Z:;ol an,i]S?xn)r

fluny) + oy = tn Jun = Jyn) 20, VyeC,
Cni1 =1{2€ Cy: ¢z un) < ¢(z,%n) + Lu}
xns1 = e, %0, V>0,

n+l

(4.2)

where {,, = supge r (k, - 1)d(q, x,,), {0} is sequence in [0, 1], {r,,} € [a, ) for some a
>0. If Y5 ani = Yor all n > 0 and lim inf, ,.. 04, 00,; > 0 for all i > 1, then {x,} con-
verges strongly to p € F, where p = T1gx,.

If setting f = 0 in Corollary 4.1, then we obtain the following corollary.

Corollary 4.3. Let C be a nonempty closed and convex subset of a uniformly convex
and uniformly smooth Banach space E. Let B be a continuous monotone mapping of C
into E*. Let {Si}, : C — Cbe an infinite family of closed and uniformly quasi-¢-asymp-
totically nonexpansive mappings with a sequence {k,; € [1, ), k,, > 1 and uniformly
L;-Lipschitz continuous such that F := N2, F(S;) N VI(B, C)is a nonempty and bounded
subset in C. For an initial point xy € E with x1 = Ilc,xoand C, = C, we define the
sequence {x,} as follows:
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Y =T (@n,0Jxn + 375 on,ilS}zn),

(BYn,y = ) + } (y =t Jun = Jyn) = 0, Vy€C,
Cni1 ={z€ Cy: @(2 un) < d(z,%0) + En},

Xpe1 = I, X0, VYn >0,

n+1

(4.3)

where {,, = supge r (k, - 1)@(q, x,,), {01} is sequence in [0, 1], {r,,} € [a, ) for some a
>0. If Y.y oni = Yor all n > 0 and lim inf, ... 04, 00,; > 0 for all i > 1, then {x,} con-
verges strongly to p € F, where p = I1gx,.

Remark 4.4. Corollaries 4.1{4.3 improve and extend the corresponding results in
Zegeye [39] and Wattanawitoon and Kumam [34] in the sense from a finite family of
closed relatively quasi-nonexpansive mappings and closed relatively quasi-nonexpansive
mappings to more general than an infinite family of closed and uniformly quasi-

¢-asymptotically nonexpansive mappings.

5 Application to Hilbert spaces
If E = H, a Hilbert space, then E is 2-uniformly convex (we can choose ¢ = 1) and uni-
formly smooth real Banach space and closed relatively quasi-nonexpansive map
reduces to closed quasi-nonexpansive map. Moreover, J = I, identity operator on H
and I1¢ = P, projection mapping from H into C. Thus, the following corollaries hold.
Theorem 5.1. Let C be a nonempty closed and convex subset of a Hilbert space H.
Let f be a bifunction from C x C to R satisfying (A1)-(A4). Let A be an a-inverse-
strongly monotone mapping of C into H satisfying ||Ay|| < ||Ay - Au||, Yy € C and u
€ VI, C) # & and B be a continuous monotone mapping of C into H. Let
{Si}2, : C — Cbe an infinite family of closed and uniformly quasi-¢-asymptotically
nonexpansive mappings with a sequence {k,} < [1, o), k, > 1 and uniformly L;-
Lipschitz continuous such that F := N F(S;) N GEP(f, B) N VI(A, C)is a nonempty and
bounded subset in C. For an initial point xo € H with x1 = Ilc,Xoand C, = C, we define
the sequence {x,} as follows:

Zn = PC(xn - )"nAxn)r

Vn = On,0Xn + Z:;ol an,iS?zn/

fun,¥) + (Byn y = tin) + | (y = thn Uy —yn) = 0, Vy€C, (5.1)
Cri1 ={z€Cy:llz—un Il 2 —xn || +¢n},

Xni1 = Pg,, X0, YN =0,

where {, = supye r (k, - 1)||q - x,||, {001} is sequence in [0, 1], {r,} € [a, ) for some
a >0 and {A,}} < [a, b] for some a, b with 0 < a < b < a/2. If Y 75 an,i = Yor all n 2 0
and lim inf, .., o, 00, ; > 0 for all i = 1, then {x,} converges strongly to p € F, where p
= Ipxo.

Remark 5.2. Theorem 5.1 improve and extend the Corollary 3.7 in Zegeye [39] in
the aspect for the mappings, we extend the mappings from a finite family of closed
relatively quasi-nonexpansive mappings to more general an infinite family of closed
and uniformly quasi-¢-asymptotically nonexpansive mappings.
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