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1 Introduction

Approximating solutions of nonlinear operator equations based on iterative methods is
now a hot topic of intensive research efforts. Indeed, many well-known problems can be
studied by using algorithms which are iterative in their nature. As an example, in computer
tomography with limited data, each piece of information implies the existence of a convex
set C,, in which the required solution lies. The problem of finding a point in the intersec-
tion ﬂle C, where N > 1 is some positive integer is of crucial interest, and it cannot be
usually solved directly. Therefore, an iterative algorithm must be used to approximate such
point. The well-known convex feasibility problem which captures applications in various
disciplines such as image restoration, and radiation therapy treatment planning is to find
a point in the intersection of common fixed-point sets of a family of nonlinear mappings
(see [1-7]). There many classic algorithms, for example, the Picard iterative algorithm,
the Mann iterative algorithm, the Ishikawa iterative algorithm, steepest descent iterative
algorithms, hybrid projection algorithms, and so on. In this paper, we shall investigate
fixed-point and equilibrium problems based on a Mann-like iterative algorithm.

The organization of this paper is as follows. In Section 2, we provide some necessary
preliminaries. In Section 3, equilibrium problems and fixed-point problems of asymptot-
ically strict pseudocontractions in the intermediate sense are discussed based on a Mann
iterative algorithm. Weak convergence theorems are established in Hilbert spaces. And
some deduced results are also obtained.
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2 Preliminaries

Throughout this paper, we always assume that H is a real Hilbert space with an inner
product (-,-) and norm || - ||. Let C be a nonempty, closed, and convex subset of H and F a
bifunction of C x C into R, where R stands for the set of real numbers. In this paper, we
consider the following equilibrium problem.

Find x € C such that F(x,y) >0, VyeC. (2.1)
The set of such an x € C is denoted by EP(F), i.e.,
EP(F) = {x € C: F(x,9) > 0,Vy € C}.

Given a mapping A : C — H, let F(x,y) = (Ax,y — x) for all x,y € C. Then z € EP(F) if and
only if

(Az,y—2z) >0, VyeC,

that is, z is a solution of the classical variational inequality. In this paper, we use VI(C, A) to
stand for the set of solutions of the variational inequality. Numerous problems in physics,
optimization, and economics reduce to find a solution of the equilibrium problem (2.1).

To study the equilibrium problem (2.1), we may assume that F satisfies the following
conditions:

(Al) F(x,x)=0 forallx e C;

(A2) F is monotone, i.e., F(x,y) + F(y,x) <0 for all x,y € C;

(A3) foreachx,y,z€C,

limsup F(tz + (1 - t)x,y) < F(x,);
£40

(A4) foreachx € C, y—~ F(x,y) is convex and lower semicontinuous.

Let S: C — C be a mapping. In this paper, we use F(S) to denote the fixed-point set of S.
Recall the following definitions.

S is said to be nonexpansive if

[Sx Syl < lx=yll, VxyeC.

If C is a bounded, closed, and convex subset of H, then F(S) is nonempty, closed, and
convex. Recently, many beautiful convergence theorems for fixed points of nonexpansive
mappings (semigroups) have been established in Banach spaces (see [8—10] and the refer-
ences therein).

S is said to be asymptotically nonexpansive if there exists a sequence {k,} C [1,00) with
k, — 1 as n — oo such that

”S"x—S”y” <kyllx-yll, Vx,yeCmn=>1

It is known that if C is a nonempty, bounded, and closed convex subset of a Hilbert space
H, then every asymptotically nonexpansive self-mapping has a fixed point. Further, the set
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F(S) of fixed points of S is closed and convex. Since 1972, a host of authors have studied the
weak and strong convergence problems of iterative processes for such a class of mappings.

S is said to be asymptotically nonexpansive in the intermediate sense if it is continuous
and the following inequality holds:

limsup sup (||S"x - S"y| - llx—yl) <0. (2.2)
n—>oo xyeC
Putting
g, = max|0, sup (| 8"x - 5"y] - - 51)], 2.3)
x,yeC

we see that £, — 0 as n — oco. Then (2.2) is reduced to the following:
|8"x = S"y| < llx =yl + & VxyeC.

The class of asymptotically nonexpansive mappings in the intermediate sense was consid-
ered in [11] and [12] as a generalization of the class of asymptotically nonexpansive map-
pings. It is known that if C is a nonempty, closed, and convex bounded subset of a real
Hilbert space, then every asymptotically nonexpansive self-mapping in the intermediate
sense has a fixed point.

S is said to be strictly pseudocontractive if there exists a constant « € [0,1) such that

2

[1Sx = Syll* < llx = ylI* + k| (T = S)x =T = S)y|", Vx,yeC.

For such a case, S is also said to be a «-strict pseudocontraction. It is clear that every
nonexpansive mapping is a 0-strict pseudocontraction. We also remark that if « = 1, then
S is said to be pseudocontractive.

S is said to be an asymptotically strict pseudocontraction if there exist a sequence {k,} C
[1, 00) with k,, — 1 as # — o0 and a constant « € [0,1) such that

”S"x—S”y”2 <kllx—y|? + K” (I-8")x—(-S")y 2 Vx,ye C,n>1.

For such a case, S is also said to be an asymptotically «-strict pseudocontraction. It is
clear that every asymptotically nonexpansive mapping is an asymptotically 0-strict pseu-
docontraction. We also remark here that if ¥ = 1, then S is said to be an asymptotically
pseudocontractive mapping which was introduced by Schu [13] in 1991.

S is said to be an asymptotically strict pseudocontraction in the intermediate sense if
there exist a sequence {k,} C [1, 00) with k, — 1 as n — oo and a constant « € [0,1) such
that

limsup sup (|| S"x - S”y”2 —knllx = yI> =« | (1 = 8"~ (I - S”)y||2) <0. (2.4)

n—>oo xyeC

For such a case, S is also said to be an asymptotically «-strict pseudocontraction in the
intermediate sense. Putting

&, = max{O, supC(”S"x— S”y”2 — knllx —y||* - KH (I— S”)x— (1— S”)y||2)}, (2.5)
X,y€
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then we see that &, — 0 as n — 0o0. We know that (2.4) is reduced to the following:
|57 = S"y|” < kallx =yl + 1| (1= 8")x = (I =S")y||* + & VxyeCn>1.

The class of asymptotically strict pseudocontractions in the intermediate sense was intro-
duced by Sahu, Xu, and Yao [14] as a generalization of the class of asymptotically strict
pseudocontractions; see [14] for more details.

Recently, many authors considered the weak convergence of iterative sequences for the
classical variational inequality, the equilibrium problem (2.1), and fixed-point problems
based on iterative methods (see [15-24]).

In 2003, Takahashi and Toyoda [23] considered the classical variational inequality and

a nonexpansive mapping. To be more precise, they proved the following theorem.

Theorem 1 Let C be a closed convex subset of a real Hilbert space H. Let A be an «-inverse
strongly-monotone mapping of C into H, and let S be a nonexpansive mapping of C into
itself such that F(S) N VI(C,A) # (. Let {x,} be a sequence generated by

%0 € C, X1 =Xy + (1 —0a,)SPc(x, — A,Ax,), Yn>0,

for every n > 0, where A, € [a, b] for some a,b € (0,2a) and o, € [c,d] for some ¢,d € (0,1).
Then {x,} converges weakly to z € F(S) N VI(C, A), where z = lim,,_, o Pr(s)nvi(c,4)%n-

In 2007, Tada and Takahashi [24] considered the equilibrium problem (2.1) and a non-

expansive mapping. To be more precise, they proved the following result.

Theorem 2 Let C be a nonempty, closed, and convex subset of H. Let F be a bifunction
from C x C to R satisfying (A1)-(A4) and let S be a nonexpansive mapping of C into H,
such that F(S) NEP(F) # 0. Let {x,} and {u,} be sequences generated by x; =x € H and let

u, € C such that F(u,, u) + é(u — Uy, Uy —Xy) >0, VYuedC,

X1 = Uk + (L — aty)Suay,

for each n > 1, where {a,} C |a,b] for some a,b € (0,1) and {r,} C (0,00) satisfies
liminf, o7y, > 0. Then {x,} converges weakly to w € F(S) N EP(F), where w =

limy,, o0 PE(s)nEP(F)%n-

In this paper, motivated by the results announced in [23] and [24], we consider the equi-
librium problem (2.1) and an asymptotically strict pseudocontraction in the intermediate
sense based on a Mann-like iterative process. We show that the sequence generated in the
purposed iterative process converges weakly to a common element of the fixed-point set
of an asymptotically strict pseudocontraction in the intermediate sense and the solution
set of the equilibrium problem (2.1). The results presented in this paper improve and ex-
tend the corresponding results announced by Takahashi and Toyoda [23], and Tada and
Takahashi [24].
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In order to prove our main results, we also need the following lemmas.
The following lemma can be found in [25] and [26].

Lemma 2.1 Let C be a nonempty, closed, and convex subset of H, and let F: C x C — R
be a bifunction satisfying (A1)-(A4). Then for any r > 0 and x € H, there exists z € C such
that

1
Flz,y)+ -(y—-z,z—x) >0, VyeC.
r

Further, define
1
Tx = {ze C:Fl(z,y)+-(y—z,z—x)>0,Vy € C}
r

forallr >0 and x € H. Then the following statements hold.:
(a) T, is single-valued;
(b) T, is firmly nonexpansive, i.e., for any x,y € H,

”Trx_ Try||2 E (Trx_ Tr :X—y);

(c) F(T,) = EP(F);
(d) EP(F) is closed and convex.

Lemma 2.2 ([14]) Let H be a real Hilbert space, C a nonempty, closed, and convex
subset of H, and S : C — C a uniformly continuous and asymptotically strict pseudo-
contraction in the intermediate sense. If {x,} is a sequence in C such that x, — x and

limsup,,_, . limsup,_, %, — T"x,| = O, then x = Tx.

Lemma 2.3 ([27]) Let H be a real Hilbert space, and 0 <p <t, <q <1, forall n>1.
Suppose that {x,} and {y,} are sequences in H such that

limsup ||, ]| <7, limsup ||yl <7
n—00 n—>00

and for some r > 0,
lim ||tnxn + (1= t0)yn || =r.
n— o0

Then llmn—>oo ||xn _yn” =0.

Lemma 2.4 ([28]) Let {a,}, {b,}, and {c,} be three nonnegative sequences satisfying the

following condition:
an < (1 +by)a, +c,, Yn>ny,

where ny is some nonnegative integer, Y .., b, < 00 and Y .., ¢, < 0o. Then the limit

lim,,_, o a, exists.


http://www.fixedpointtheoryandapplications.com/content/2012/1/132

Qing and Kim Fixed Point Theory and Applications 2012, 2012:132 Page 6 of 13
http://www.fixedpointtheoryandapplications.com/content/2012/1/132

Lemma 2.5 ([29]) Let H be a real Hilbert space. Let {a,}\_, be real numbers in [0,1] such
that 22[:1 ay, = 1. Then we have the following:

2 N
2
<> ailll?,
i=1

N
E aiXi
i=1

for any given bounded sequence {x,}; in H.

3 Main results

Theorem 3.1 Let C be a nonempty, closed, and convex subset of a real Hilbert space H. Let
F,, be a bifunction from C x C to R which satisfies (A1)-(A4) for each 1 < m < N, where
N > 1is some positive integer. Let S : C — C be a uniformly continuous and asymptotically
Kk -strict pseudocontraction in the intermediate sense. Assume that F := F(S)N ﬂxﬂ EP(F,,)
is nonempty. Let {a,}, {B.}, {84}, and {1,} be sequences in [0,1)], and {e,} a bounded se-
quence in C. Let {r,,,,} be a positive sequence such that liminf,_, o 1y, > 0 and {y, .} a
sequence in [0,1] for each 1 < m < N. Let {x,} be a sequence generated in the following

manner:

X1 € H,
Unm € C such that F (U pm, Um) + %(um = Uy Uy — Xn) > 0,  Vu, €C,
n,m

N
Zy = Zm:1 Yn,mUn,m>

Xn+l = OpXy + ,3;1(5"2;1 + (1 - (Sn)SnZn) + )"nem n>1

Assume that the following restrictions are satisfied:

(@) ay+Bu+rn=1

(b) Y o (ky—1)<ooand ., ;& < oo, where &, is defined in (2.5);

() 0<a<B,<b<lL0<k<68,<c<land) o ry<00;

(d) an]:l VYam =1land 0<d <y,,, <1foreachl <m <N,
where a, b, ¢, and d are some real constants. Then the sequence {x,} weakly converges to
some point in F.

Proof Let p € F. Then we see that

N
120 =21 <Y Vumllthnm = pll < 120 - Il (31)

m=1

Puty, = 8,z,+(1-6,)S"z, for each n > 1. In view of Lemma 2.5, we see from the restriction
(c) that

lyn =1 = |[8uzn + (1 = 8,)8"20 - p*
= Sullzn —pI? + (1= 8,)[ 8”20 — p||* = 8,1~ 8,) |20 — 8"2a |
< ullzn =PI + U= 8.)kallzn — pI* + (6 = 8,)| 2w — $"24|” + &4
< kullzu = pII* + &
< kullxn = pI* + &5 (3:2)
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It follows that

%51 = PII* < @ullxn = pI? + Bullyn = pII* + Xnllen = pII?
=< annxn —P||2 + ﬂn(kn”xn —P”z + Sn) + )‘nHen —17||2
= kn”xn —P||2 +§n +)Vn||en_p”2‘ (3‘3)

From Lemma 2.4, we obtain the existence of the limit of the sequence {||x,, — p||}. Notice

that
et = PI* = I Typnn = TrpP I
S (Trn,mxn - Tr,,,mp; Xn —P>
= <un,m —PrXn —P)
1
= E(IIun,m =l + %0 =PI = Nt — 2al*), VI<m <N.
This implies that

It =PI < 1% = PI* = [t = %4ll>, V1 <m <N. (3.4)

Inview of (3.4) and z,, = Zly\;zl Vi,mUn,m» Where Zﬁ\n[:l Yum = 1, we see from Lemma 2.5 that
Vi | Uy —P||2

2
llzw =PI~ <

2 2
= Vn,m(”xn =217 = st — %4 || )

M= M= 11

N
2 2
=< )’n,m”xn —P” - Z yn,m”un,m _xn”
m=1 m=1
N
2 2
= %0 =217 = Vsl = 2| (3.5)

m=1

In view of Lemma 2.5, we obtain from restriction (c) that

Ptne - pII?
< @ll5n =PI + B[4 @n - ) + (L= 8,)("2 = S"D) | + hnlen - pII2
= aulltn =PI + Bu(Bullzn — pI? + (1= 8,) Sz — S"p |
~85,(1=8,)]2u —p ~ (5"24 — S"P) ) + Aullen — pII?
< allty =PI + Bubullzn — pI> + (L~ 8,) (Kullzn — pII?
+ic|zw=p = (S"24 - S"D) | + &)
— Bubu(l = 8|20~ — (5”20~ S"P) | + Aullen — pII?

< aullxy = plI* + Bukullzn — pII* +&x
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n n 2
- Bu(1—=6,)(5, - K)”Zn 2 (S Zp =S P) ” + Anllen —P||2
=< an”xn —P||2 + ,Bnkn”Zn —P||2 + Sn + )‘n”en _pHZ' (3-6)
This implies from (3.5) that
N
”xn+l —P||2 = ”xn —P||2 + (kn _I)Hxn —P||2 _,Bnkn Z Vnm ”un,m —Xn ”2 +En +)\n “en —P||2~
m=1

It follows that

I < 1% = P> = 1901 =PI + (ks = Dl = pII* + &5 + Xullen = pII*.

:Bnknyn,m | 2ts0,m — %1
In view of the restrictions (b), (c), and (d), we obtain that

lim |4y, — x4 =0, V1I<m<N. (3.7)

n—00
Since {x,} is bounded, we see that there exists a subsequence {x,,} of {x,} which converges
weakly to w. We can get from (3.7) that {u,,,,} converges weakly to o for each1 <m < N.

Note that

Fm(un,m; Mm) +

(U = Uy Uy — %) > 0, Vu,, € C.
n,m

From the assumption (A2), we see that

1

, (U = Wiy Uy — Xn) = Fp(tm, un,m): Vu,, € C.
n,m

Replacing n by n;, we arrive at

1

r}’l,‘,m

(W = Wngms Wngom — %) = Fr (s hym)s  Ytiy € C. (3.8)

In view of (3.7) and the assumption (A4), we get that

F(tp, @) <0, Vu,eC.
For any t,, with 0 < ¢,, <1 and u,, € C, let u;,, = tyutty, + (1 — ¢,,,)) for each 1 <m < N.
Since u,, € C and w € C, we have u,,, € C, and hence F,,(u;,,,w) <0 foreach1 <m <N.

It follows that

0= Fm(utm»utm)
= thm(utm»um) + (1 - tm)Fm(utmra))

Sthm(utmrum); VIEI’I’IEN,
which yields that

Fm(utmr Um) >0, Vu,eC.
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Letting ¢, | 0 for each 1 <m < N, we obtain from the assumption (A3) that
Fu(w,u,) >0, VYu, cC.

This implies that w € EP(F,,) for each 1 < m < N. This proves that w € ﬂﬁzl EP(F,,).
Next, we show that w € F(S). Put lim,,_, », ||, — p|| = d, we obtain that

limsup|x, — p + Au(en — %) | < d.
n—00
From (3.2), we see that
limsup||y, —p + Aulen —%4) | < d.
n—00

On the other hand, we have

nlglgo %01 = pll = nll)rlgo”(l - ,Bn)(xn —p+len _xn)) + Bu (yn —p+ii(en _xn)) H
=d.

In view of Lemma 2.3, we obtain that

lim ||y, —x,|| =0. (3.9)
n—00
Note that
N
1z = xull < Z Vi |t — % .
m=1

This implies from (3.7) that
lim ||z, —x,] = 0. (3.10)
n— o0
On the other hand, we have

||xn - (5,,xy, +(1- SW)S”xV,) H
< ||%n = (8uzn + (1= 8,)S"20) || + || (82 + (1 = 8,)S"24) = (85 + (1= 8,)S"x,) |
< %n = yull + 8ullzn — xull + (1= 6,) ”SnZn ~8"%u H
It follows from (3.9) and (3.10) that
nan;o||xn - (any, +(1- 3W)S”x,,) H =0. (3.11)

Note that

||S”xn —x, || < ||S"xn - (8nxn +(1- zSn)S"xn) || + || ((Snxn +(1- 5,,)S”xn) — X, ||

’

<4, HS"x,, — X, || + H (8nn + (1 — Sn)S”x,,) -x,
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which yields that
a-s,) ||S”x,, — %, H < || (Sy,xn +(1- Sn)S"xn) — %, H
This implies from the restriction (c) and (3.11) that

lim || S™x, — x| = 0. (312)

n—00

Notice that
%01 = X ll < Bullyn —Xull + Anllen —xull.
This implies from the restriction (c) and (3.9) that
lim ||%,41 — %, = 0. (3.13)
n—oQ
On the other hand, we have
loer — Sxull < llocn — 21l + Hxn+1 - Sn+lxn+l H
+ HS”*lxml - 5"y, H + ||S”+1x,, — Sx, H
Since S is uniformly continuous, we obtain from (3.12) and (3.13) that
lim [|Sx,, — x| = 0. (3.14)
n—0o0

In view of Lemma 2.2, we obtain that w € F(S). This proves that w € F. Let {2} be
another subsequence of {x,} converging weakly to o', where ' # w. In the same way, we
can show that o’ € F. Notice that we have proved that lim,_, ||x, — p|| exists for each
p € F. Assume that lim,,_,  ||x, — || = Q, where Q is a nonnegative number. By virtue of
Opial’s condition of H, we have

Q = liminf ||x,, - o| < liminf”xni - H = liminf||x/ - a/” <liminf |l — |l = Q.
1— 00 1— 00 o0 ]—)OO

This is a contradiction. Hence, = o’. This completes the proof. g
If N =1, then Theorem 3.1 is reduced to the following.

Corollary 3.2 Let C be a nonempty, closed, and convex subset of a real Hilbert space
H. Let F be a bifunction from C x C to R which satisfies (Al1)-(A4). Let S: C — C be a
uniformly continuous and asymptotically k-strict pseudocontraction in the intermediate
sense. Assume that F := F(S) N EP(F) is nonempty. Let {a,)}, {B,}, {8,}, and {)\,} be se-
quences in [0,1], and {e,} a bounded sequence in C. Let {r,} be a positive sequence such
that liminf,_, 1, > 0. Let {x,,} be a sequence generated in the following manner:

X1 eH,
u, € C such that F(u,, u) + i(u — Uy Uy —x,) >0, VYuecC,

Xl = Xy + ,Bn(gnun + (1 - 8,,)5”%,,) + )"}’lenr n 1.

Page 10 0f 13
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Assume that the following restrictions are satisfied:

(@) ay,+By+r,=1

(B) Y o (ky—1) <00 and ", ;& < oo, where &, is defined in (2.5);

() 0<a<PB,<b<lL0<k<68,<c<land)y ;2 ry<00;
where a, b, and ¢ are some real constants. Then the sequence {x,} converges weakly to some
point in F.

If F(x,y) =0 for all x,y € C and r, = 1 for all n > 1, then Corollary 3.2 is reduced to the
following.

Corollary 3.3 Let C be a nonempty, closed, and convex subset of a real Hilbert space H. Let
S: C — C be a uniformly continuous and asymptotically « -strict pseudocontraction in the
intermediate sense with F(S) # 0. Let {a,}, {Bu}), {8u}), and {A,} be sequences in [0,1], and
{e,} a bounded sequence in C. Let {r,} be a positive sequence such that liminf,_, ,, r, > 0.

Let {x,} be a sequence generated in the following manner:

x1 € H,

Xl = Xy + Bn(8,Pcxy + 1 —8,)S"Pcx,) + Aye,, n>1

Assume that the following restrictions are satisfied:

(@) oap+By+r,=1;

(B) Y 0 (ky—1)<coand ", &, < oo, where &, is defined in (2.5);

(c) 0<a<B,<b<l,0<k<8,<c<land) ;2 hy< 0%
where a, b, and ¢ are some real constants. Then the sequence {x,} converges weakly to some
point in F(S).

For the class of asymptotically nonexpansive mappings in the intermediate sense, we

can obtain from Theorem 3.1 the following results immediately.

Corollary 3.4 Let C be a nonempty, closed, and convex subset of a real Hilbert space H.
Let F,, be a bifunction from C x C to R which satisfies (A1)-(A4) for each 1 < m < N, where
N > 1is some positive integer. Let S : C — C be a uniformly continuous and asymptotically
nonexpansive mapping in the intermediate sense. Assume that F := F(S) N ﬂi\nle EP(F,,) is
nonempty. Let {a,}, {B4}, {8,}), and {),,} be sequences in [0,1], and {e,} a bounded sequence
in C. Let {ry,} be a positive sequence such that liminf,,_, o 1y, > 0 and {y,,} a sequence

in [0,1] for each 1 <m < N. Let {x,} be a sequence generated in the following manner:

xleH,

1
T'n,m

Up,m € C such that F, (s, Uy) + (U — Uy Uy — %) >0, Vu,, € C,
N
Zy = Zm:l YnmUn,m>

Xn+l = QpXy + ,3;1(5"2" + (1 - 571)Snzn) + )\nenr n>1

Assume that the following restrictions are satisfied:
(@) oy +PBu+rn=1
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(b) Zf,il (ky, —1) < 00 and Zn:1 &, < 00, where

£, = max{O, sup (||S"x = S"y|* = kullx —yllz)];
x,yeC

() 0<a<B,<b<l,0<k<68,<c<land) o ry<00;

(d) 22:1 VYo =1and 0 <d <y, <1foreachl <m <N,
where a, b, ¢, and d are some real constants. Then the sequence {x,} converges weakly to
some point in F.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors read and approved the final manuscript.

Author details
' Department of Mathematics, Hangzhou Normal University, Hangzhou, 310036, China. ?Department of Mathematics
Education, Kyungnam University, Masan, 631-701, Korea.

Acknowledgements
The authors are grateful to the reviewers and the editor for their useful comments and advice. The work was supported
by the Kyungnam University Research Fund, 2012.

Received: 3 April 2012 Accepted: 17 July 2012 Published: 16 August 2012

References
1. Chang, SS, Yao, JC, Kim, JK, Yang, L: Iterative approximation to convex feasibility problems in Banach space. Fixed
Point Theory Appl. 2007, Article ID 046797 (2007)
2. Qin, X, Cho, SY, Kang, SM: Common fixed points of a pair of non-expansive mappings with applications to convex
feasibility problems. Glasg. Math. J. 52, 241-252 (2010)
3. Ye, J,Huang, J: Strong convergence theorems for fixed point problems and generalized equilibrium problems of
three relatively quasi-nonexpansive mappings in Banach spaces. J. Math. Comput. Sci. 1, 1-18 (2011)
4. Cho, SY, Kang, SM: Approximation of fixed points of pseudocontraction semigroups based on a viscosity iterative
process. Appl. Math. Lett. 24, 224-228 (2011)
5. Kim, JK, Cho, SY, Qin, X: Hybrid projection algorithms for generalized equilibrium problems and strictly
pseudocontractive mappings. J. Inequal. Appl. 2010, Article ID 312602 (2010)
6. Qin, X, Chang, SS, Cho, YJ: Iterative methods for generalized equilibrium problems and fixed point problems with
applications. Nonlinear Anal., Real World Appl. 11,2963-2972 (2010)
7. Kim, JK, Nam, YM, Sim, JY: Convergence theorems of implicit iterative sequences for a finite family of asymptotically
quasi-nonexpansive type mappings. Nonlinear Anal. 71, e2839-e2848 (2009)
8. Lau, ATM, Miyake, H, Takahashi, W: Approximation of fixed points for amenable semigroups of nonexpansive
mappings in Banach spaces. Nonlinear Anal. 67, 1211-1225 (2007)
9. Lau, AT, Takahashi, W: Invariant submeans and semigroups of nonexpansive mappings on Banach spaces with
normal structure. J. Funct. Anal. 142, 79-88 (1996)
10. Shioji, N, Takahashi, W: Strong convergence of approximated sequences for nonexpansive mappings in Banach
spaces. Proc. Am. Math. Soc. 125, 3641-3645 (1997)
11. Bruck, RE, Kuczumow, T, Reich, S: Convergence of iterates of asymptotically nonexpansive mappings in Banach
spaces with the uniform Opial property. Collog. Math. 65, 169-179 (1993)
12. Kirk, WA: Fixed point theorems for non-Lipschitzian mappings of asymptotically nonexpansive type. Isr. J. Math. 17,
339-346 (1974)
13. Schu, J: Iterative construction of fixed points of asymptotically nonexpansive mappings. J. Math. Anal. Appl. 158,
407-413 (1991)
14. Sahu, DR, Xu, HK, Yao, JC: Asymptotically strict pseudocontractive mappings in the intermediate sense. Nonlinear
Anal. 70, 3502-3511 (2009)
15. Qin, X, Cho, YJ, Kang, SM: Convergence theorems of common elements for equilibrium problems and fixed point
problems in Banach spaces. J. Comput. Appl. Math. 225, 20-30 (2009)
16. Lv, S: Generalized systems of variational inclusions involving (A, n)-monotone mappings. Adv. Fixed Point Theory 1,
1-14(2011)
17. Qin, X, Cho, SY, Kang, SM: Strong convergence of shrinking projection methods for quasi-¢-nonexpansive mappings
and equilibrium problems. J. Comput. Appl. Math. 234, 750-760 (2010)
18. Kim, JK, Kim, KS: A new system of generalized nonlinear mixed quasivariational inequalities and iterative algorithms
in Hilbert spaces. J. Korean Math. Soc. 44, 823-834 (2007)
19. Kim, JK: Strong convergence theorems by hybrid projection methods for equilibrium problems and fixed point
problems of the asymptotically quasi-¢p-nonexpansive mappings. Fixed Point Theory Appl. 2011, 10 (2011)


http://www.fixedpointtheoryandapplications.com/content/2012/1/132

Qing and Kim Fixed Point Theory and Applications 2012, 2012:132
http://www.fixedpointtheoryandapplications.com/content/2012/1/132

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kim, JK, Cho, SY, Qin, X: Some results on generalized equilibrium problems involving strictly pseudocontractive
mappings. Acta Math. Sci. 31, 2041-2057 (2011)

Yang, S, Li, W: Iterative solutions of a system of equilibrium problems in Hilbert spaces. Adv. Fixed Point Theory 1,
15-26 (2011)

Qin, X, Cho, SY, Kang, SM: On hybrid projection methods for asymptotically quasi-¢-nonexpansive mappings. Appl.
Math. Comput. 215, 3874-3883 (2010)

Takahashi, W, Toyoda, M: Weak convergence theorems for nonexpansive mappings and monotone mappings. J.
Optim. Theory Appl. 118, 417-428 (2003)

Tada, A, Takahashi, W: Weak and strong convergence theorems for a nonexpansive mappings and an equilibrium
problem. J. Optim. Theory Appl. 133, 359-370 (2007)

Blum, E, Oettli, W: From optimization and variational inequalities to equilibrium problems. Math. Stud. 63, 123-145
(1994)

Combettes, PL, Hirstoaga, SA: Equilibrium programming in Hilbert spaces. J. Nonlinear Convex Anal. 6, 117-136 (2005)

Schu, J: Weak and strong convergence of fixed points of asymptotically nonexpansive mappings. Bull. Aust. Math.
Soc. 43, 153-159 (1991)

Tan, KK, Xu, HK: Approximating fixed points of nonexpansive mappings by the Ishikawa iterative process. J. Math.
Anal. Appl. 178, 301-308 (1993)

Hao, Y, Cho, SY, Qin, X: Some weak convergence theorems for a family of asymptotically nonexpansive nonself
mappings. Fixed Point Theory Appl. 2010, Article ID 218573 (2010)

doi:10.1186/1687-1812-2012-132
Cite this article as: Qing and Kim: Weak convergence of algorithms for asymptotically strict pseudocontractions in
the intermediate sense and equilibrium problems. Fixed Point Theory and Applications 2012 2012:132.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com

Page 13 0f 13


http://www.fixedpointtheoryandapplications.com/content/2012/1/132

	Weak convergence of algorithms for asymptotically strict pseudocontractions in the intermediate sense and equilibrium problems
	Abstract
	MSC
	Keywords

	Introduction
	Preliminaries
	Main results
	Competing interests
	Authors' contributions
	Author details
	Acknowledgements
	References


