
HYBRID ITERATION METHOD FOR
GENERALIZED EQUILIBRIUM PROBLEMS

AND FIXED POINT PROBLEMS OF A FINITE
FAMILY OF ASYMPTOTICALLY
NONEXPANSIVE MAPPINGS∗†

Jinliang Shen‡

(Fuzhou University Zhicheng College, Fuzhou University,

Fuzhou 350002, Fujian, PR China)

Jianhua Huang
(College of Math. and Computer Science, Fuzhou University,

Fuzhou 350116, Fujian, PR China)

Ann. of Appl. Math.
33:1(2017), 18-31

Abstract

In this paper, weak and strong convergence theorems are established by
hybrid iteration method for generalized equilibrium problem and fixed point
problems of a finite family of asymptotically nonexpansive mappings in Hilbert
spaces. The results presented in this paper partly extend and improve the
corresponding results of the previous papers.
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1 Introduction

Let H be a real Hilbert space with inner product ⟨·, ·⟩ and norm ∥ ·∥. Let C be a

nonempty closed convex subset of H, G : C×C → R be a bifunction and A : C → H

be a nonlinear mapping. The generalized equilibrium problem (for short, GEP) is

to find an x ∈ C such that

G(x, y) + ⟨Ax, y − x⟩ ≥ 0, for any y ∈ C. (1.1)

∗This work was supported by the Natural Science Foundation of Fujian Province
(No.2014J01008) and Young and Middle-aged Teachers Education Scientific Research
Project of Fujian Province (No.JA15624).

†Manuscript received November 21, 2015; Revised October 24, 2016
‡Corresponding author. E-mail: jinliang210@163.com

18



No.1 J.L. Shen, etc., Generalized Equilibrium Problems 19

The set of solutions of (1.1) is denoted by GEP (G), that is,

GEP (G) = {x ∈ C : G(x, y) + ⟨Ax, y − x⟩ ≥ 0, for any y ∈ C}.

In the case of A ≡ 0, GEP is denoted by EP (G). In the case of G ≡ 0, GEP

is also denoted by V I(C,A). Problem (1.1) covers monotone inclusion problems,

saddle point problems, minimization problems, optimization problems, variational

inequality problems, and Nash equilibria in noncooperative games. Recently, many

authors have studied the problem of finding a common element of the set of fixed

points of a nonexpansive mapping and the set of an equilibrium problem in the

framework of Hilbert spaces and Banach spaces, respectively; see, for instance, [1-8]

and the references therein.

In 2007, to study the strong and weak convergence of fixed points of nonexpansive

mappings, Wang [9] introduced the following hybrid iteration scheme:

xn+1 = αnxn + (1− αn)T
λn+1xn, n ≥ 0, (1.2)

where T λx = Tx − λµF (Tx) for all x ∈ H and x0 ∈ H is chosen arbitrarily,

F : H → H is an η-strongly monotone and k-Lipschitzian, they obtained that under

some suitable conditions, the sequence {xn} converges weakly to a fixed point of T ,

and under the necessary and sufficient conditions, {xn} converges strongly to a fixed

point of T .

In 2009, Ceng and Gao [3] introduced the following iterative scheme for a k-strict

pseudo-contraction mapping in Hilbert space: x1 = x ∈ H,G(un, y) +
1

rn
⟨y − un, un − xn⟩ ≥ 0, for any y ∈ C,

xn+1 = αnun + (1− αn)Tun,
(1.3)

for every n ∈ N , where αn ⊂ [a, b] for some a, b ∈ (k, 1) and {rn} ⊂ (0,∞) satisfies

lim inf
n→∞

rn > 0. Further, they proved {xn} and {un} converge weakly to z ∈ F (T ) ∩
EP (G), where z = PF (T )∩EP (G)x.

In 2012, Wang and Huang [10] considered hybrid iteration method for a finite

asymptotically nonexpansive mappings in Banach space:

xn+1 = αnxn + (1− αn)[T
k(n)

i(n) xn − λn+1µf(T
k(n)

i(n) xn)], for any n ≥ 1, (1.4)

where x1 ∈ E is chosen arbitrarily, {T1, T2, · · · , TN} : K → K are N asymptotically

nonexpansive mappings, f : K → K is a L-Lipschitzian mapping. And weak and

strong convergence theorems are obtained under some suitable conditions.

Motivated by those works of [3] and [10], in this paper we introduce the following

hybrid iteration method: x1 ∈ C


