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Abstract

In this paper, we introduce the modified iterations of Ishikawa type for nonexpansive mappings (nonexpansive
semigroups) to have the strong convergence in a uniformlyconvex Banach space. We study approximation
of common fixed point of nonexpansive mappings and nonexpansive semigroups in Banach space by using a
new iterative scheme.
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1. Introduction

Let X be a real (or complex) space, if for every = € E, there exists a certain real number, remark as ||z||
with the corresponding to it, and satisfy the following conditions:(7) ||z|| > 0, ||z|| = 0 if and only if ||z| = 0;
(i7) ||ax| = |a|||z||, where « is a arbitrarily real (or complex) number; (iii) ||z + y|| < ||z|| + |ly|| for any
x,y € X. Then, ||z| is said to be a norm for z and (X, || -||) is said to be a normed linear space. A complete
normed linear space is a Banach space.

A normed space X is called uniformly convex if for any e € (0, 2] there exists a § = d(¢) > 0 such that if
z,y € X with |lz]| =1, [jy[| =1 and ||z — y|| > &, then [|F(z +y)|| < 1 —6.

Let E be a real Banach space, C' a nonempty closed convex subset of E, and T : C — C a mapping.
Recall that T is nonexpansive mapping[l] if |Tx — Ty|| < ||z — y|| for all x,y € C. Denote by Fix(T) the
set of fixed point of T, that is, F(T) = {x € C : Tx = x}.
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Iterative methods are often used to solve the fixed point equation Tx = x. One classical iteration process
was introduced in 1953 by Mann[2] known as Mann iteration process and is defined as follows:

Tnt1 = Ty + (1 — ap)Txy,n >0, (1.1)

where the sequence {ay,} is chosen in (0, 1) and the initial guess xg € C' is arbitrarily chosen.
Based on this, other classical iteration process is introduced in 1974 by Ishikawa|3] known as Ishikawa’s
iteration process and was defined as follows:
Yn = Qpdn + (1 - an)T«x?’w (1 2)
Tpt1 = Bpn + (1 — Bn)Tyn,n > 0,

where the sequences {ay,}, {fn} are chosen in (0,1) and the initial guess z¢ € C is arbitrarily chosen.
There exists a rich literature on the convergence of Ishikawa’s iteration for different classes of operators
considered on various spaces(see:|[4],[5],[6],[7],[8]])-
In 2013, Chen and Wul9] introduced the following iteration process of nonexpansive mapping in uniformly
convex Banach spaces as follows:

Yn = QpTy + (1 - Oén)Tﬂj‘n,
LTn+1 = B’nu + (1 - Bn)ynan Z 07

where u € C'is an arbitrary fixed point in C. They obtained some strong convergence theorems.

In fact, after Mann’s iteration, Ishikawa’s iteration, and Halpern’s iteration, kinds of iterative schemes
also have been proposed and further developed in recent years. In 2000, M.A.Noor introduced a new it-
erative scheme and named it as Noor-type iteration(For detail study one may see the paper[I0]). In 2011,
W.Phuengrattana and S.Suantai introduced a new iterative scheme and named it as SP-type iteration(The
detailed content is in [11]).

Motivated and inspired by the research going in these fields, we now suggest and analyze a new modified
Ishikawa’s iteration for finding the common fixed point of the nonexpansive mappings in Banach space as
follows. We suggest and analyze the following iteration:

xo € C' chosen arbitrarily,

Zn = anty + (1 — ap)Tay,

Yn = BnTxn + (1 — Bn)Szn,
Tpt1 = Opt 4+ (1 — 0n)yn, n >0,

where {an,}, {Bn}, {0n} are three sequences in [0, 1], 7', S are two nonexpansive mappings.
In 1887, J.Napier studied the function Equation f(x+vy) = f(x)f(y), and G.Peano simplified the system
of first-order linear differential equations to a simple form as follows:

d
@u(t) = Au(t).

From here, mathematical researchers found the development trace of semigroup theory and semigroup theory
have been widely developed (more details see [[12],[13],[14],[15]]).

A family {T'(s) : s > 0} of mapping of C' into itself is called nonexpansive semigroup of C, if it satisfies
the following conditions:

(1) T'(s1 4 s2)x =T (s1)T(s2)x for each si, s2 > 0 and z € C,

(2) T(0)x = x for each x € C;

(3) for each z € C, s — T'(s)x is continuous;

(4) || T(s)x = T(s)y|| < ||z —y|| for each s >0 and z,y € C.
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Based on the above, we make use of the notion of nonexpansive semigroup to modify the iterative scheme
(1.3) as follows:

xg € C chosen arbitrarily,
Zn = QpZy + ( fO" u)zpdu,

n = Bn tl f :Undu +(1- ﬂn) on o S(v)zpdv,
Tnt1 = Opu + (1 — 0p)Yn, n >0,

(1.4)

where {a,, }, {8}, {0n} are three sequences in [0, 1], {T'(u) : uw > 0} and {S(v) : v > 0} are two nonexpansive
semigroups, {t,}, {en} are two positive real divergent sequences.

It is the purpose of this paper to develop iterations (1.7) (1.8) in [9] to the processes for two nonexpansive
mappings, two nonexpansive semigroups in the frame of uniformly convex Banach space in Section 3.
2. Preliminaries

This section collects some lemmas which will be used in the proofs for the main results in the next section.

Lemma 1. [76/ Let {ay}, {bn} and {d, } be sequences of nonnegative real numbers satisfying the inequality

an41 < (1 + 5n)an +bp,n > 1.

If > 6, <ooand ) b, < oo, then

n=1 n=1
(1) lim a, exists;
n—o0
(2 ) hm apn = 0 whenever lim inf a,, = 0.

n—o0

Lemma 2. [I7] Suppose that E is a uniformly convex Banach space and 0 < ¢, < 1 for alln € N. Let {z,}
and {y,} be two sequences of F such that limsup ||z,| < r, hm sup llyn|| < r and hm ltnzn+(1—tn)ynl =7

n—oo

hold for some r > 0, then lgm |xn — ynl| = 0.

Lemma 3. [78/ A mapping T:C—C with nonempty fixed point set F' in C' will be said to satisfy Condition
(I): If there is a nondecreasing function f : [0,00) — [0,00) with f(0) =0, f(r) > 0 for all » € (0, 00) such
that ||z — Tz|| > f(d(z, F)) for all x € C, where d(z,F) = inf{||z —p|| : p € F}.

Lemma 4. [19] Let C be a nonempty closed convex subset of a uniformly convex Banach space E, D a
bounded closed convex subset of C and & = {T'(t) : t > 0} a nonexpansive semigroup on C, such that
Fix() # 0. For each h > 0,then

1 [t 1/t
tim sup || / T(uyedu — T(h); / T(u)zdul.
0 0

t—o0 zeD

3. Main results

In this part, we prove our main theorems for finding a common fixed point of nonexpansive mappings
and nonexpansive semigroups in Banach spaces.

Theorem 1. Let C' be a nonempty closed convexr subset of a uniformly conver Banach space E and let T,
S be two nonexpansive commuting mappings ofC satisfy Condztzon (I) and F(T) N F(S) # 0. Given {an},
{Bn} and {6,} are sequences in (0,1) such that Z Bn < 00, Z dp < 00 for all m > 1. Define a sequence

— n=1

{zn}52 in C by the algorithm (1.3), then {xy}22, strongly converges to a common fixed point of T, S.
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Proof. The first step, we need to show that {z,} is bounded, if we take an arbitrary fixed point ¢ of
F(T)N F(S), we have
120 — gl = llanzn + (1 — an) Tz, — q|
< apllzn = qll + (1 = an)|[Tzn — q||
< [Jan — 4

and
lyn — all = |BnTxn 4 (1 = Br)S2zn — 4|

< BullTzn —qll + (1 = Bn)l[S2n — 4|

< Bullzn — qll + (1 = Bn)llzn — 4l

< llzn —qll-

Then, we obtain that
[#n41 = all = [[6nu + (1 = 0n)yn — ql|

< Onllu = yall + llyn — 4ll
< On(llu—all + llyn — all) + llyn — 4l
< (L4 0n)[lzn — gl + dnllu — 4.

(3.1)

By Lemma 1 and lim 6, < oo, thus lim ||z, — ¢ exists. Denote
n—oo n— o0
lim ||z, —q| =
n—oo

Hence, {z,} is bounded, so are {y,} and {z,}.
The second step is to show that

lim = [T, — 2ol = 0, lim =[Sz, — 2] = 0.
n—o0 n—o0
Now, in fact, we can show that

lZn+1 — qll = [|0pu + (1 = 6n)yn — 4l
= [|0n(u —yn) + |yn — || (3.2)
< Onllu—qll + [lyn — ql|-

o0
Owing to > 0, < 0o, we have

n=1

lim ||z, —q|| < lim inf [y, — g]|. (3.3)
n—o0 n—oo

(o)
In addition, by >’ 3, < oo, from the following
n=1

lzn —qll = llyn = all = Bullzn —4lll,

1
1*/8n

this implies

gl = all = Ballen = all} (3.0

Because ||z, — ¢|| < ||z — ¢ql|, [|[yn — ql| < ||zn — ¢, then we have

lim ||z, —¢|| 2 lim sup{
n—o0 n—oo

lim sup ||z, —¢|| < lim [z, — q]| (3.5)
n—00 n—r00

and
Jimsup [y, — gl < Tim [lz, —q|. (3.6)
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Thus, by (3.5)(3.6) this shows that
lim |y, — ¢ = lim |lzn, —qf| =1, (3.7)
n—oo n—o0
and by (3.4)(3.5)(3.7) we obtain
lim ||z, —¢|| = lim |z, —q|| = (3.8)
n—oo n— o0
By ||Tzy, — q|| < ||z — q||, it implies that
lim sup | Tra — g <1,
n—oo
and through ||Sz,, — ¢|| < ||z, — ¢|| we have
lim sup || Sz, —q| <.
n—oo
Therefore, by (3.8) we have
= lim |z, —q||
n—oo
= lim ||apzn + (1 — apn)Tx, — q|
n—oo
= lim [jon(2n —q) + (1 = an)(Tzn — q)||-
n—oo
By Lemma 2, this shows that
lim || Tz, — z,| = 0. (3.9)
n—oo

By [|Szn — ¢l < |lzn — ¢l| < ||zn — q|| <1, then we have || Sz, — ¢|| <, thus by Lemma 2 this shows that

L= lim {ly, —ql|
= lim ||BuTxn + (1 — Bn)Szn — 4|
n—oo

that is
lim || Tz, — Sz,| = 0.
n—oo
In fact, we can obtain that
lim ||z, — x,|| = lim ||apz, + (1 — an)Tzy, — 2|

= lim |[(1 —an)Tzy — (1 — ap)xy||

n—oo

< lim (1 — ap)||Txn — zn|| — 0.
n—oo

Now, by (3.9)(3.10)(3.11) we have

lim ||Szy, — x| < lm {||Sx, — Szu|| + [|Szn — Txy|| + | T2n — x4}

< lim {||zp, — 2| + |S2zn — Tan|| + | Ty — 20|} — 0.
n—oo

Thus, by (3.9) and (3.12), we obtain that

lim [Tz, — z,|| =0, lim ||Sz, —z,|| = 0.
n—oo n—oo

(3.10)

(3.11)

(3.12)

(3.13)
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Moreover, given by (3.1) and > 4, < co shows

n=1
[Zn+m — all = |6n+m—1u + (1 = Sntm—1)Yn — 4|l
< (1 + ntm—1)|Zntm—1 — qll + ntm—1lu — ql|
< lnmt |Zntm—1 = qll + Cnpm—1
e T G/ Y &

< 66n+m_1€5n+m_2 ”xn—i—m—2 - QH + e6n+m_1 (Cn—l—m—Z + Cn—i—m—l)

S ......
n+m—1 n+m-—1
s S s n+m—1
<e & an—dlte = 0 @)
i=n
00
< M, — gl + 3G,
i=1
that is
o)
2 tm — qll < M(|lzn — gl + Y Ca), (3.14)
=1

n+m—1
where M = " §;, C; = d|lun —q|.

1=n
The third step is to show that the sequence {x,} is cauchy.
Since ¢ € F(T) N F(S) arbitrarily and lim,, 0 ||zn, — ¢| exists, let F' = F(T) N F(S), then by Lemma 3
knowing that d(z,, F) exists. From Lemma 3 and (3.13), we get
lim f(d(zyn, F)) < lim ||Tx, — 2| =0
n—o0 n—oo

and
lim f(d(zp, F)) < lim || Sz, — x| = 0.
n—o0 n—o0

Since f :[0,00) — [0, 00) is a nondecreasing function satisfy f(0) =0, f(r) > 0 for all r € (0, 00), therefore
we have
lim d(zp, F) =0.

n—oo
o
Let € > 0 be given arbitrarily and since lim,_,~ d(z,, F) = 0, > C; < oo, therefore exists a constant ng
i=0

such that for all n > ngy, we have

o
€ €
J=no
especially,
€
< —.
d(xn(ﬂ ) — 3M
So there must exists p; € F such that
€
d(‘r’no’pl) S m

From (3.14), it can be obtained that when n > n,,,

|Zntm — Znll < | Tngm — 1|l + |20 — p1|
no+m—1

< 2M(||zn, — p1]| + E Cj)
Jj=no
g 13
<oOM(—— + Sy =
<2M g+ oar) = ¢



Shengquan Weng, Results in Nonlinear Anal. 2 (2019), 125-135 131

This implies {z,}22 is a Cauchy sequence in a closed subset C' of a Banach space E.

Thus, the fourth step is to show that the sequence {z,}?°, converges to a point in C. Suppose that
limy, 00 Tn = p-

For all ¢ > 0, since lim,,_o, £, = p, thus there exists a number n; such that when ne > ni, then

(3.15)

A

”xnz - p” <

In fact, limy, o0 d(xn, F') = 0 implies that making use of the number ny above, when n > ng, we have
d(xn, F') < §. Thus, there must exist p» € F' such that

S
H‘TﬂQ _p2|| = d(mnz,pQ) = g (316)

From (3.15) and (3.16), we get
HTp _pH = HTp—p2 +T$Tb2 — P2t P2~ Tpy + Tny, — P+ P2 — Tfl:ng”

< HT]? _p2|| + Hxnz _pZH + Han _pH + 2HTxn2 _p2”
< lp = poll + 3l|zn, — p2ll + +lzn, — pll

< |@ng = Pl + |0y — p2ll + 3l|2ny — p2ll + [lzn, — pl) (3.17)
= 4Hx”2 _pQH + 2”an _pH
46 2
< — 4+ — =
=371

On the other hand, we can use the similar way to show that
1Sp = pll < <.

Since the positive number ¢ is given arbitrarily, then Tp = p and Sp = p. So, the iterative sequence {x,}
converges strongly (in norm) to a common fixed point of 7" and S. This completes the proof. OJ

Theorem 2. Let C be a nonempty closed convexr subset of a uniformly convex Banach space E and let
Sy ={T(t) : t > 0}, = {S(e) : e > 0} be two nonexpansive semigroups on C satisfy Condition (1) and

ﬂ?zl F(Si) # 0. Given a pointu € C and {an}, {Bn} and {6,} are sequences in (0,1) such that > B, < o0,
n=1

oo
Y. 0p < oo foralln>1, {t,}, {en} are two positive real divergent sequences. Define a sequence {xy}o in
n=1

C' by the algorithm (1.4), then {x,}22, converges strongly to a common fized point of ﬂ?zl F(Sy).

Proof. The first step is to show that the sequence {z,} is bounded, if we take an arbitrary fixed point ¢ of
N2, F(Si), we have

n

1 [t
|MMﬂMm+ﬂcmt/Iwmmw
0
1 [t
< apllen —q|| + (1 — an)||t/0 T(uw)zndu — q||
n

I
< anllan —all+ (1= an)- [T}z, - aldu
0

n

I
< anllen —all + (= an)y- [l — gl
n JOo

= anllen —gll + (1 = an)||lzn — 4|

= [lzn — 4
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and

1 €n 1 €n
lyn — qll = ||6nt/0 T(u)xpdu + (1 — ﬂn)e/o S(v)zndv — g
1 [en 1 en
< ﬂnHt/O T(u)zndu — qf + (1 — Bn)He/O S(v)zpdv — ¢

1 [er L
<A /O ||T(u)a:n—q||du—|—(1—5n)en/0 15(v)zn — qldv

ntn
1 en 1 €n

<L / 2 — glldu+ (1 — Bo) / l2n — qlldv
tn Jo €n Jo

= Bnllzn — qll + (1 = Bn)llzn — 4|
< lwn — QH
Then, we obtain that
241 — qll = [[0nu + (1 — n)yn — 4|
< Gnllu—ynl + llyn —4ll
< on(llu =gl + llyn — all) + llyn — 4l
< (1 +0n)l|lzn — gll + dnllu — gl

(3.18)

Now, an induction yields
[zn — qll < max{[lzo — ql|, [lu —ql[}, n > 0.

Hence, {z,} is bounded, so are {y,} and {z,}. Let D be the subset os C,

D={zeC: |z —qll <max{]zo—ql,[lu—ql}}.

o0
By Lemma 1 and ) 4, < oo, by (3.18) thus lim |[|z,, — ¢|| exists. Let
n—oo

n=1
lim ||z, —g¢|| = 0.
n—oo
The second step is to show that

lim = |[T(h)zn — 2| =0, lim = [[S(k)an — ]| = 0.

n—0o0

Now, in fact, we can show that

[2n+1 = all = [[0nu + (1 = 6)yn — 4l
= Hdn(u - yn) + Hyn - QH (3.19)
< bnllu—qll + [lyn — al.

By Zl dn < 00, by (3.19) we have

lim |z, — g < lim inf [|y, — gl (3.20)
Since ||y — q|| < [|zn — g||, this implies that
lim sup ||y, — ¢|| < lim inf ||z, — q|| = b. (3.21)
n—oo n—oo

At the same time, by virtue of ||z, — ¢|| < ||, — ¢||, this implies that

lim sup ||z, — ¢|| < lim inf ||z, — q| = b. (3.22)
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Then, the above inequalities (3.20)(3.21) shows

Jim_sup [ly, — gf| = lim [z, —gl| = 0. (3.23)

o
In addition, by > 3, < oo, from the following

n=1

1
len = all = 7—5~lllvn = all = Bullzn = dlll;
this implies
1
—qll > 1 - - —qll = — )
lzn = all = Tim_ sup{s—2=lllyn = all = Fnllzn = qlll}

lim
n—oo

So, by (3.23) we get

lim ||z, — g 2 lim [jy, —q|| =b. (3.24)
n—o0 n—oo

Then, by (3.22) and (3.24)
lim ||z, —¢ql| = lim |lzy —qf| = 0. (3.25)
n—o0 n—oo

Moreover, ||% Jo" T(u)zndu — q|| < ||zn — q| implies that

I
lim sup / T(u)zndu — q|| < b.
0

i sup [| -~

Therefore, we have
= lim [z, —q|
n—oo

I
= lim [|apz, + (1 — an)/ T(u)xndu — ¢
n—00 tn 0

. 1 [t
= lim ||an(z, —q) + (1 — an)(/ T(u)xndu — q)||.
n—o00 tn 0
So, given by Lemma 2 shows that
1 [t
lim H/ T(u)zpdu — || = 0. (3.26)
n—oo  t, 0

Now,

1 tn 1 tn 1 tn
o~ T ()l < 1 — / T ()] + |- / T (u)andu — T(h) - / T(w)ndu
n JO n JO 0

n

1 [t
T () - / T(u)zndu — T(h)an| (3.27)
n J0o
1 i 1 [t 1 [t
§2Hxn—t/ T(u)xndu]]+\\t/ T(u):cndu—T(h)t/ T(u)zndul.
n JOo n JOo 0

n

By virtue of Lemma 4, we get

1 tn 1 tn
lim sup H/ T(u):vndu—T(h)t/ T'(u)zpdul =0,
0 0

n—=0 p.eD ln n

for every h € [0,400). From (3.27), we obtain

n—oo zn€D
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for every h € [0, +00).
By || &[5 S(v)zndv — q|| < |20 — q|| < |lzn — g|| < b, then we have (P L [ S(v)zpdv — g < 1, thus by
Lemma 2 thls shows that

L= lim [jy, —q|
n—oo
I
= lim Hﬂn/ T(u)xndu —q+ (1 — Bn)— / S(v)zndv — q|
n—o00 tn Jo

1 [t
= lim Hﬁn(/ T(u)zpdu —q) + (1 — B)( / S(v)zndv — q)|,
n—o00 tn 0

that is .
1 n 1 €n
lim Ht/ T(u)zpdu — / S(v)zpdv|| = 0. (3.29)
0

In fact, by (3.26) and (3.29) we can obtain that

in
||/ S(v)zpdv — xn||<\|/ S(v znv/ u)Tpdul|

+H/ T(u)zpdu — x| — 0(n — 00)
0
an

||/ S(v xndv—xn||<\|/ S(v xndv—— S(0)2ndo
0
tn 1 tn
—|—H/ S(v)zndv—/ T(u)xndu||—|—|/ T(u)zpdu — ]|
€n Jo tn Jo tn Jo

1 [or 1 [t
< ||z — 2nl| + ||e/0 S(v)zndv — t/o T (u)zpdu

1 [t
+ ”t/ T(u)xndu — zp| — 0.
n JO

Further we have

tn
S(k S znv—— w)xnpdul] < ||S(k S znv—— S )zpdv
e
" 1 tn
+||/ S(v)zndv—t/ () dul| = 0.
0 n Jo

From the above, we get
tn
1S(k) 20 — 2l < [|S(k)an — S(k / S(0)zndv]| + [|S(k / S(v) 2 — / )l

1 [t
+|yt/ T(w)andu — 2| — 0.
n Jo

Thus, we obtain that

li_>m |T(h)xn — zn|| =0, li_}m |S(k)xyn — zpn|| = 0, for every h,k € [0,00).

Since {T'(t) : t > 0},{S(e) : e > 0} are two nonexpansive semigroups and {¢,},{e,} are two positive real
divergent sequences, then for all h, k > 0 and the bounded closed subset D of C' containing {x,} such that

lim ||z, — T'(h)xzy| < lIim sup |z, —T(h)z,||=0

n—oo n—0o0 anD
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and
lim ||z, — S(k)z,|| < lim sup |z, — S(k)x,|| = 0.

n—o0 =00 4 €D

As in the proof of Theorem 1, we have {x,} converges strongly to p (p € ﬂ?zl F(S3;). This completes the
proof. O

References

[1] F.E. Browder, Fixed point theorems for noncompact mappings in Hilbert space, Proc. Nat. Acad . (1965)53, 1272-1276.

[2] W.R. Mann, Mean value methods on iteration, Proc. Amer. Math. Soc . (1953)4, 506-510.

[3] S.Ishikawa, Fixed points by a new iteration method, Proc. Amer. Math. Soc. (1974)44, 147-150.

[4] Y.F.Su, X.L.Qin, Strong convergence of modified Ishikawa iterations for nonlinear mappings, Proceedings Mathematical
Sciences.(2007)1,117, 97-107.

[5] B.Javad, Weak and strong convergence theorems of modified Ishikawa iteration for an infinitely countable family of pointwise
asymptotically nonexpansive mappings in Hilbert spaces, Arab Journal of Mathematical Sciences. (2011) 17, 1531C169.

[6] K.Phayap,et.al, Strong Convergence theorems of modified Ishikawa iterative method for an infinite family of strict pseudo-
contractions in Banach spaces, International Journal of Mathematics and Mathematical Sciences. (2011) Article ID 549364,
18.

[7] W.Kriengsak, K.Poom, Convergence theorems of modified Ishikawa iterative scheme for two nonexpansive semigroups, Fized
Point Theory and Applications. (2010) Article ID 914702, 12.

[8] S.S.Chang,et.al, The equivalence between the convergence of modified picard, modified mann, and modified ishikawa itera-
tions, Mathematical and Computer Modelling. (2003)37, 985-991.

[9] J.Z.Chen, D.P.Wu, Convergence theorems of modified Mann iterations, Fized Point Theory and Applications. (2013)2013,
1, 282.

[10] M.A.Noor, New approximation schemes for general variational inequalities, J. Math.Anal.Appl. (2000)251, 217-229.

[11] W.Phuengrattana, S.Suantai, On the rate of convergence of Mann,Ishikawa,Noor and SP-iterations for continuous functions
on arbitrary interval, Journalof Computational and Applied Mathematics. (2011)235, 3006-3014.

[12] T.Suzuki, On strong convergence to a common fixed point of nonexpansive semigroup in Hilbert spaces, Proc. Amer. Math.
Soc.(2003)131,7, 371-379.

[13] H.K.Xu, A strong convergence theorem for contraction semigroups in Banach spaces, Bull Austral Math Soc,(2005)72,
371-379.

[14] N.Shioji,W.Takahashi, Strong convergence theorems for asymptotically nonexpansive semigroups in Hilbert spaces, Non-
linear Analysis. (1998)34, 87-99.

[15] J.B.Baillon, Un theoreme de type ergodic pour les contrations nonlineares dans unespace de Hilbert,
C.r.heba.Seanc. Acad.Sci. Paris. (1975)280, 1511-1514.

[16] K. Nammanee, M.A. Noor, S. Suantai, Convergence criteria of modified Noor iterations with errors for asymptotically
nonexpansive mappings, J. Math. Anal. Appl. (2006)314, 320-334.

[17] J. Schu, Weak and strong convergence to fixed points of asymptotically nonexpansive mappings, Bull. Austral. Math. Soc.
(1991)43, 153-159.

[18] H.F. Senter, W.G. Dotson,Jr, Approximating fixed points of non-expansive mappings, Proc. Amer. Math. Soc. (1974)44,
375-380.

[19] R.Chen, Y.Song, Convergence to common fixed point of nonexpansive semigroups, J. Math. Anal. Appl. (2007)200,
566-575.



	1 Introduction
	2 Preliminaries
	3  Main results 

