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1. INTRODUCTION

Let K be a nonempty subset of a real normed linear space X and T : K — K
be a mapping. Let F'(T') = {z € K : Tz = z} be denoted as the set of fixed points
of a mapping 7.

We introduce the following definitions and statements which will be used in our
main results(see references therein):

A mapping T : K — K is called nonexpansive provided

[Tz =Tyl < [l -yl
for all z,y € K and n > 1. T is called asymptotically nonexpansive mapping if
there exist a sequence {\,} C [0,00) with lim A, = 0 such that
n—-uoo

[Tz =T y|| < (14 An)llz =yl
forallz,y € K and n > 1.

The class of asymptotically nonexpansive maps which an important generaliza-
tion of the class nonexpansive maps was introduced by Goebel and Kirk [4]. They
proved that every asymptotically nonexpansive self-mapping of a nonempty closed
convex bounded subset of a uniformly convex Banach space has a fixed point.

T is called quasi-nonexpansive mapping provided
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1Tz —pll < [l —p
forallz € K andp € F(T) and n > 1.
T is called asymptotically quasi-nonexpansive mapping if there exist a sequence
{An} C [0, 00) with nli_r)noo An = 0 such that

[Tz —pl < (1+ )z — pll
forallz € K andp € F(T) and n > 1.

Remark 1.1. From above definitions, it is easy to see that if F'(T') is nonempty, a
nonexpansive mapping must be quasi-nonexpansive, and an asymptotically non-
expansive mapping must be asymptotically quasi-nonexpansive.

We introduce the following definitions and statements which will be used in our
main results(see [9]-[11]).

Let us recall some notions.

Let T,I : K — K. Then T is called I-nonexpansive on K if

[Tz —Ty|| < [[Iz — Ty||
forall z,y € K.

T is called I- asymptotically nonexpansive on K if there exists a sequence {\/,} C
[0,00) with lim A/, = 0 such that
n——-:uo90

17" = Tyl < (L+ X)) 11"z — I"y||
forallz,y € K andn > 1.

T is called I- asymptotically quasi-nonexpansive on K if there exists a sequence
{N,} € [0,00) with lim A/ =0 such that
n—oo

17"z = pll < (1+ X))z — p|
forallz €e Kandpe F(T)NF(I)andn=1,2,....

Remark 1.2. From the above definitions it follows that if F/(T) N F(I) is non-
empty, a I-nonexpansive mapping must be /-quasi-nonexpansive, and linear I-
quasi-nonexpansive mappings are /-nonexpansive mappings. But it is easily seen
that there exist nonlinear continuous /-quasi-nonexpansive mappings which are
not /-nonexpansive.

Now, we give the definition of the generalized asymptotically quasi-nonexpansive
mapping as follows:

Definition 1.3. [7] Let X be areal normed linear space and K a nonempty subset of

X. Amapping T : K — K is called generalized asymptotically quasi-nonexpansive

mapping if F(T) # () and there exist sequences of real numbers {u,}, {¢,} with
lim u, =0= H_I)noo (n, such that

n——uoo n
[T"z = pll < ||z = pll + unllz — pll + ¢n
forallz € K,pe F(T)and n > 1.

If, in Definition 1.3, ¢, = 0 for all n > 1 then T becomes asymptotically quasi-
nonexpansive mapping and hence the class of generalized asymptotically quasi-
nonexpansive mappings includes the class of asymptotically quasi-nonexpansive
mappings.

Now we give generalized /-asymptotically quasi-nonexpansive mappings as fol-
lows:
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Definition 1.4. Let X be a real normed linear space and K a nonempty sub-
set of X. A mapping T : K — K is called generalized I-asymptotically quasi-
nonexpansive mapping if F(T) N F(I) # () and there exist sequences of real num-

bers {u},}, {¢],} with nhinm up, =0= nleOo ¢, such that

1Tz = pll < 1" = pll + wp [z — pll + ¢,
foralz € K,pe F(T)NF(I)and n > 1.

Also, if, in Definition 1.4, ¢/, = 0 for all n > 1 then T becomes [-asymptotically
quasi-nonexpansive mapping and hence the class of generalized I-asymptotically
quasi-nonexpansive mappings includes the class of I-asymptotically quasi-
nonexpansive mappings.

Recently, concerning the convergence problems of an implicit(or non-implicit)
iterative process to a common fixed point for finite family of asymptotically non-
expansive mappings( or nonexpansive mappings) in Hilbert spaces or uniformly
convex Banach spaces have been obtained by a number of authors (see, the refer-
ences therein).

Xu and Ori [13], in 2001, introduced an implicit iteration process for a finite
family of nonexpansive mappings. Let K be a nonempty closed convex subset
of ‘H Hilbert space. Let {T;}Y; be N nonexpansive self-maps of K such that

N
F = (| F(T;) # 0, the set of common fixed points of T;, i = 1,..., N. An implicit
i=1
iteration process for finite family of nonexpansive mappings {Tl}i\]: , are defined as
follows, with {a,} C (0,1), and an initial point 29 € K, the sequence {z,},>1 is
generated as follows:

x1=a1x0+ (1 — )i

To = a1 + (1 — Ozg)TQJZQ

TN = QNIN-_1 + (1 — OéN)TNLEN

TN41 = ant1ZN + (1 — ant1)TN+1TN 41

The process is expressed in the following form
Tp = apTp-1 + (1 —ap)Than, n>1 (1.1

where T,, = T} (modN) -

Xu and Ori [13] proved the weak convergence of the sequence {z,} defined
implicity by (1.1) to a common fixed point of the finite family of nonexpansive map-
pings defined in Hilbert space. Zhou and Chang [14], in 2002, studied the weak
and strong convergence of implicit iteration process to a common fixed point for a
finite family of nonexpansive mappings in Banach spaces. Liu [5], in 2002, and
Chidume - Shahzad [2], in 2005, proved the strong convergence of an implicit iter-
ation process to a common fixed point for a finite family of nonexpansive mappings
in Banach spaces. Sun [8], in 2003, extended an implicit iteration process for a
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finite family of nonexpansive mappings due to Xu and Ori [13] to the case of as-
ymptotically quasi-nonexpansive mappings in a setting of Banach spaces. Chang
and et al.[1], in 2003, studied the weak and strong convergence of implicit iteration
process with errors to a common fixed point for a finite family of asymptotically
nonexpansive mappings in Banach spaces. Guo and Cho [3], in 2008, studied the
weak and strong convergence of implicit iteration process with errors to a common
fixed point for a finite family of nonexpansive mappings in Banach spaces. Shahzad
and Zegeye[7], in 2007, studied the strong convergence of implicit iteration process
to a common fixed point for a finite family of generalized asymptotically quasi-
nonexpansive mappings in Banach spaces. Recently, in [1 1], the weak convergence
theorem for [-asymptotically quasi-nonexpansive mapping defined in Hilbert space
was proved. In [9] the weak and strong convergence of implicit iteration process to
a common fixed point of a finite family of /-asymptotically nonexpansive mappings
were studied. More recently, Temir [10], studied the weak and strong convergence
of the explicit iterative process of generalized [-asymptotically quasi-nonexpansive
mappings to common fixed point in Banach space.

In this paper, we consider the following implicit iterative process with new type
of conception which combines notions such as generalized asymptotically nonex-
pansive mapping and generalized [-asymptotically nonexpansive mapping. Let K
be a nonempty subset of X Banach space.

Let {T;} Y, be finite family of generalized I;- asymptotically nonexpansive self-
mappings and {Ii}i]\il be finite family of generalized asymptotically nonexpansive
self-mappings on K. {«,} and {f,} are two real sequences in [0,1]. Then, an
initial point ¢ € K, the sequence {z,, } defined by

21 = a1zo + (1 — )1 [Brzr + (1 — Bu) 1],
29 = a1 + (1 — a2)Ta[Boz2 + (1 — B2)l2x2],

zn = anzn-1+ (1 —an)In[Bven + (1 — Bn) Iz ],

41 = anpizy + (1 —any)TE[Byrzn i + (1 — By Ifen ],

Ton = aanTan-1 + (1 — 042N)T]%][ﬁ2N~T2N +(1- BQN)IJQVZUQJ\{L
Tan41 = Qant1Tan + (1 — aan1) T [Ben+1zan41 + (1 — Bant1) i xan11]

Let ¢ € K be any given point, the implicitly iterative sequence z,, generated by
(1.2) should be written in the following compact form:

(1.2)

k
Ty = QpTp_1 + (1 - O‘n)Ti(g;)yna

Vn > 1, where n = (k(n) — 1)N +i(n),i(n) € {1,2,..., N}, k(n) > 1.

If we take {I;}¥ ;| identity mappings and Vn > 1, 3, = 0 then the compact form
induces (1.1) implicit iteration process defined in Xu and Ori [13].
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The aim of this paper is to prove the strong convergence of implicit iterative
sequence {z,},>1 defined by (1.2) to common fixed point for finite family of gener-
alized I;-asymptotically nonexpansive mappings in Banach space. We consider also
{I;}X, be finite family of generalized asymptotically nonexpansive self-mappings
of K subset of Banach space. Our results will thus improve and generalize corre-
sponding results of [13], [7], [10] and [9].

2. PRELIMINARIES AND NOTATIONS
In order to prove the main results of this paper, we need the following statements:

Lemma 2.1. [12] Let {a,}, {b,} and {k,} be sequences of nonnegative real se-
quences satisfying the following conditions: ¥Yn > 1, an+1 < (1 + ky)a, + by, where
Z K, < 00 and Z by, < co. Then lim a, exists.
n=0 n=0 n—oo
Lemma 2.2. [6] Let K be a nonempty closed bounded convex subset of a uniformly
convex Banach space X and {«,, } a sequence [0,1 — ¢], for some 6 € (0,1). Let {z,}
and {y,} be two sequences in K such that

lim sup ||z, || < d,

n—-o0

limsup ||lyn| < d
n—-uoQo

and
limsup [|onzn + (1 — an)yn| =d

n—->~ao
holds for some d > 0.Then
lim ||@, —ya|| = 0.
n—oo

Let X be a uniformly convex Banach space and K a nonempty, closed and sub-
set of X. Let {T; : ¢ € {1,..., N}} be N generalized I;-asymptotically nonexpansive
self-mappings of K with sequences of real numbers {6;,}, {¢in} C [0,00) and
Oin: @in — 0asn — oo such that || T}z —Tfy|| < (1+6;,)||Ifz — IFy|| + @i for all
z,y € Kandn > 1and {I; : i € {1,..., N}} be N generalized asymptotically non-
expansive mappings of K with {7;,}, {¢in} C [0,0) and 7;p,, i — 0asn — 0o
such that |[Ifz — I¥y|| < 7in|lz — y|| + ¥ for all z,y € K, for each i = 1,...N and
n>1.

Letting v, = max{0;,, 7} foralli € {1,...,N}, v, C [0,00), with lim v, =0,

— 00

118

Vp < 00, also ¢, = max{n,Yi,} for all i € {1,...,N}, ¢, C [0,00), with

n=1

o0
hm ¢n =0, Z ¢n < 00. Then there exist nonnegative real sequences {v,,} and
n—

{(bn} with v,,, (bn — 0 as n — oo such that
anﬂj - 71zkyH < (1 + etrb)”Izkx - Izky” + ©in < (1 + V’n)2||-r - y” + (2 + Vn)(bnv
[1Fz = Iyl < (14 7in) [z = yll + $in < (1 +v) |z = yll + ¢
forall z,y € K, foreacht=1,..Nandn > 1.

Let denote the distance of x to set F' C K, i.e., d(z, F) = inf{||lx —p|| : p € F}. A
mapping T : K — K is said to semi-compact if for any bounded sequence {z,} in
K such that ||z, — Tz, || — 0 as n — o0, there exists a subsequence {z,,} C {x,}



90 S. TEMIR/JNAO : VOL. 4, NO. 1, (2013), 85-98
such that {z,,} - p€ K.

The mappings 7,1 : K — K are said to satisfying condition (A) if there is
a nondecreasing function f : [0,00) — [0,00) with f(0) = 0, f(r) > 0, for all

€ [0,00) such that i (||lz — Tz| + ||z — Iz|) > f(d(z,F)) for all z € K, where
d(z, F) =inf{[|lx —p||l:p e F=F(T)NF()}.

A family {T; : i € {1,..., N}} be N generalized I;-asymptotically nonexpansive
self-mappings of K and {I; : i € {1,..., N}} be N generalized asymptotically non-

N
expansive mappings on K with F = (| F(T;) N F(I;) # () are said to satisfy

condition (B) on K if there is a nondecreasing function f : [0,00) — [0, 00) with
f(0)=0,f(r) >0, forall r € [0,00) and all x € K such that rnéax {3(lz — Toz| +

lx — Lex||)} > f(d(z, F)) for at least one Ty and Iy, £ = {1,...,N}.

3. STRONG CONVERGENCE OF IMPLICIT ITERATION FOR GENERALIZED
I-ASYMPTOTICALLY NONEXPANSIVE MAPPINGS

Let X be a uniformly convex Banach space, K be a nonempty closed convex
subset of X, {T; : i € {1,..., N}} be N generalized I;-asymptotically nonexpansive
self—mappings of K with sequences of real numbers {6;, }, {¢in} C [0, 00) such that
Z Oin < 00, Z win <ooand {I; : i € {1,..., N}} be N generalized asymptotically

n=1

oo}
nonexpansive mappings of K with {7;,}, {¢in} C [0,00) such that } 7, < c©

n=1

and ) ¢;, < oo. Letting v, = max{6;,,7;,} foralli € {1,...,N}, v, C [0,00),

n=1

with hm v, = 0, Z v, < 00, also ¢, = max{@,,Y;,} for all i € {1,..., N},

n=1

¢n C |0, 00), with hm ¢ =0, Z¢n<oo Let 2z € K be fixed and a, 5 € (0, 1).

Define W : K — K e
W (z) = az+ (1 — )T} [Be + (1 = AL al. (3.1)
Then
W) - Wl = faz+ 0 - )T Bz + (1 B Y1)

—laz+ (1 - )T By + (1 - ALY

< (1= )[4 w8l ~ )
+(1 = B) (L) — I} )||+(2+un)¢n]
< (- +wm)Pslz—yl
(1402 (1 = BT = Tyl + 2+ va) ]
< (1-a) :(1+yn) Bl —yll + (1 + 1)1 = B)|lz — yl|

(1 +v0)* (L= B)pn + 2+ vn)
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< (=a) [+ u) e =yl + (1+0)*(1 = B)n + 2+ )b

- (I=a)fz -yl (n— o)

Thus, there exists a positive integer Ny such that ||W(z) — W (y)| < (1 —a)|lz —y]|
for all n > Ny. Since 1 — a < 1, then W is a contraction. By Banach contraction
mapping principal, there exists a unique fixed point in K satisfiying the equation
(3.1). This implies the implicit iterative process (1.2) is well defined.

Lemma 3.1. Let X be a uniformly convex Banach space, K be a nonempty closed

convex subset of X, {T; : i € {1,..., N}} be N generalized I;-asymptotically nonex-

pansive self-mappings of K with sequences of real numbers {0;,}, {pin} C [0,00)
o0 o0

such that Y 0;p < 00, Y. pin < 00 and {I; : i € {1,..., N}} be N generalized

n=1 n=1

asymptotically nonexpansive mappings of K with {7}, {¥in} C [0,00) such that
ZTm<ooandZ77/1m<oo Let be F = ﬂF( 3 NE(L) # 0.

n=1 n=1 i=

(1) vy, = max{;n, Tin} for all i € {1,...,N}, vp C [0,00), with lim v, =0,

o0
also Y v, < 00,
n=1

(2) ¢n = max{in, VYin} foralli € {1,...,N}, ¢, C [0,00), with lim ¢, =0,
n—-:oo
&)
also Y ¢, < 00,
n=1
3) {an} and {5,} C [§,1 — 6] for some § € (0,1).
Then the implicitly iterative sequence {x,,} is generated by (1.2) converges to a com-

mon fixed point in F = ﬂ F(T;) N F(1;) # 0 if and only if

=1

liminf d(z,,, F) = 0.

n——oo

Proof. The necessity is obvious and so it is omitted.
N
Now, we prove the sufficiency. From (1.2), we have forany p € F = (| F(T;) N

F(I;) # 0,

i=1

)

lzn —pll = llanzn-1+ (1 — )Ty, — p

< anllzaa = ol + (1= an) [T ya — 1

< anfans—pl+ (1 - an>(<1+em>u1’z§?yn Pl + ¢in)

< anllznot —pll+ (1= an) (L + v v — Pl + 60)

< anllensy = pll+ (1= an) (1 +2) 1+m>||yn Pl + (L + 7in)in
+(1 = an)on

< aullensy = pll+ (1= an) (1 4+22)2 90 = pll+ (L4 va)iiin)
+(1 = an)én

< allensy = pll+ (1= an) (L +272)2 0 = pll+ (14 22)6,)

+(1 - an)¢n
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< anfan- = pl+ (1= @) ((L+ 1) lyn = pll + 2+ v2)on )

which implies that

lzn —pll < anllzn-1 —pl+ (1 —ay) ((1 + Vn)2||yn —pll+ 2+ Vn)¢n> (3.2)

1Bnn + (1 = B I — p

lyn —pll =
< Bullen —pll + (= B 20 —
< Ballen —pll+ (= B) (1 + 7i0)ll2n = pll + i)
< Ballen —pll+ (= B (L4 v)llen =Pl + 60)
< (L4 va)llen =Pl + (1= Bu)én. (3.9

Substituting (3.3) into (3.2), we obtain
[2n —pll < anllza —pf
(1= o) (U )l = pll (U= Ba) (14 1)+ (24 )6 )
which implies that
1= [1 =)@+ vn)lllzn —pll < anllza—s —pl
(1= ) (1= B+ 10)60 + (24 1) ).

Then we get
o

1-[(1 =)+,
(1= ) (1= B+ 1) 60 + (24 )0 )

(1_an)[(1+l’n) — 1] |
L—[(1 = an)(1+wvp)?]

(1 - an) ((1 - Bn)(l + Vn) ¢n + (2 + Vn>¢n)
1—[(1 = an)(1+vn)?] '

IN

[z = pl| gillen—1 =Pl
)?]

= [1+ -1 = pl

4
(3.4)

We assume that (1 +v,) < /(1 + ( > ) for some n > ng and A < }. Then we

can write 1 — [(1 — a,)(1 + 1,)%] > &, ¥n > 1. Then (3.4) becomes

Z

o — pl < {14— 2(1—9)[(A? +)\(;r 1)(1+1/n71)]}”%_1 |
(1= 8)((1 = 0)(1 + 55)m + (2 + va)én)
+ 2 5

(1 — 6)(¢n + (2 + Vn)¢n)
6 )

where K, = {2(1*5)[0‘2;)‘“)(”")]} and VU,,, = 2%. Moreover, from the

(3.5)

< (Ut rw)len —pl +2

oo oo
condition (1) and (2), since Y v, < co and Z ¢n < 00, it follows that Y kK, < 0o

n=1 n=1 n=1
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oo
and Y ¥;, < co. Thus we obtain
n=1
||1'n _p” < (1 + Hn)Hxn—l _pH + Wi, (3.6)

N
By Lemma 2.1, hm |lzn, — pl|| exists for each p € F = ﬂ F(T;) N F(1;). By

assumption lim inf d(a:n, F) =0, we obtain

n—-m:ao90

lim d(z,,F)=0.

n—:oo

Next, we show that {z,} is a Cauchy sequence in K. Notice that 1+ z < exp(z) for
all z > 0. From (3.6), for any p € F, we have

n+m—1 n+m—1 n+m—1
Jonim =pl < exp( 3 w)lea—pl+e( > w)( D W)
j=n j=n j=n

< Mz, —p|+ M(i v,)
j=1

for all natural numbers m, n, where M = exp{ Z kj} < +o0. Since hm d(xy, F) =
j=1
0, for any given € > 0, there exists a positive integer Ny such that for all n > Ny,

d(zn,F) < 157 and Z W, < 157- There exists p; € F = ﬂ F(T;) N F(I;) such

n No i=1
that HINO p1|| < 4JV['
Hence, for all n > Ny and m > 1, we have

||xn+m - xn” < ||'In+m _p1|| =+ Hxn - pl”

o0

< Mllen, = pall + M( Z n) + Moy, = pill + M (D W)

) =

IA

M (e, = pill + (

gmw

€
IM(—— + &
(4M+4M) ¢

which shows that {z,} is a Cauchy sequence in K.
Thus, the completeness of X implies that {z,} is convergent. Assume that {z,}
converges to a point p.

Then p € K, because K is closed subset of X. The set F = ﬂ F(T;) N F(I;) is
i=1

closed. hm d(:z:n,]-") = 0 gives that d(p, F) = 0.

Thusp € F = ﬂ F(T;) N F(I;). This completes the proof.

=1

O

Lemma 3.2. Let X be a uniformly convex Banach space, K be a nonempty closed

convex subset of X, {T; : i € {1,..., N}} be N generalized I;-asymptotically nonex-

pansive self-mappings of K with sequences of real numbers {0;,}, {¢in} C [0,00)
o0 oo

such that Y 0, < 00, > pin < 00 and {I; : ¢ € {1,..., N}} be N generalized

n=1 n=1
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asymptotically nonexpansive mappings of K with sequences {Tm}, {tin} C [0,00)

such that Z Tin < 00 and Z in < 00. Let be F = ﬂ F(T) N F(I;) # 0.
n=1 n=1 =1
(1) v, = max{b;,, 7in} foralli € {1,...,N}, v, C [0,00), with lim v, =0,

also 3 v, < 00,
n=1
(2) ¢n = max{pin, Yin} foralli € {1,...,N}, ¢, C [0,00), with lim ¢, =0,

n——oo
o0
also > ¢, < 00,
n=1
3) {an} and {B3,} C [§,1 — J] for some § € (0,1).
Suppose that for any given x € K, the sequence {x,} is generated by (1.2). Then
lim [|Tyx, — x,|| = lim ||Ljz, — 2] =0,V0=1,2,...,N.
n—-oo n—-oo

Proof. By Lemma 3.1, we can assume that lim |z, —p|| = dforallp € F =
n—--o0

N
N F(T) N (L) .

T_aking lim sup on both sides in (3.3) inequality,

n——oo

limsup ||y, — p|| < d. (3.7

n—-mao90

Since {I; : ¢ € {1,..,N}} is N generalized asymptotically nonexpansive self-
mappings of K, we can get that,

k k(
1Ty = pl < (14 ) 1Ty = I+ 6n < (14 v0) 2y — Pl + (2 + V)6,

which on taking lim sup and using (3.7) gives

hmsup||T(n) yn — pll < d.
Further,
lim |z, —p||=d
means that
lim fanan1+ (1= an) T yn — pll = d,
. k(n
Jm (@t = p) + (1= an)(T0Ty = p)l = d.
It follows from Lemma 2.2
lim ||7; Yy — 1] = 0. (3.8)

Moreover,

k(n
11 = @) [T 9 = @l

k(n
(1= a) 1Ty — s

[z — &n—1]|

IN

Thus , from (3.8) we have

lim ||z, —z,—1||=0 (3.9

n——oo

and

lim |z, —zp44]| =0,Vji=1,...,N. (3.10)
n——oo
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Now,

IN

k(n k(n
-1 = T3 yall + 1T v —
Zn—1— Tl(n ynH +(1+ Vn) lyn —pll + (2 + vn)dn

[£n—1 = pll

IN

which on taking lim implies
n—aoo

i : k "
d= n@w |n—1—pl < limsup(||xn-1— i 2;)2/"” + (14 v0)?lyn — 2l
+(24 vn)dn)
< limsup [ly, —p|| < d.

Then we have
limsup ||y, — p|| = d.

Next,
III(n) o —pll < (1+vn)|zn —pll + én-

Taking lim on both sides in the above inequality, we have
n—oo

. k .
lim 1Kz, —p| < lim o, - p| = d.
n—-oo n—-oo

Further,

im |50 (20 —p) + (1 - Ba) (11, M) V2, —p)| = imlyn —pl| = d.

By Lemma 2.2, we have
: k(n) —
nhmoo Ly Tn — x|l = 0. (3.11)

We have also,

TS — 2l < T w0 = TSyl + (T3 g — 2
< ()2l — yall + 1T g — xnu + (24 va)bn
= (1+Vn)2‘|xn_[ﬁnxn (1_ﬁn) 1(n) xn]”
HITIS = wal| + (2 + )
= (T4 v2)2 (1= B)(@n — I + I TE Yy — 2
(n) (n)
+(2+Vn)¢n
JFHT]zgg)ynfxn 1+ Tao1 — 2n|l + (2 + vn)dn
k(n
< (14 v)2(1 = Bl wn — ol + T3 yn — 20 |

Hwn — 1l + (2 + vn) P



96 S. TEMIR/JNAO : VOL. 4, NO. 1, (2013), 85-98

Taking lim on both sides in the above inequality, from (3.8), (3.9) and (3.11), we
n—-aoo

obtain

lim |75 — 2| = 0. (3.12)
Now we prove that
lim ||Tyxy — 2zp|| = lm |[lex, —z,] =0,¥¢=1,2,..,N

holds. In fact, since foreachn > N,n = (n—N)(modN) and n = (k(n)—1)N+i(n),
hence n — N = ((k(n) —1) = 1)N +i(n) = (k(n — N) —1)N + i(n — N), that is,
k(n— N)=k(n)—1andi(n — N) =i(n).

From (3.11),
lon = Lnzall < llzn = LYzl + 11520 — Lz
< o = LY wnll + A+ v) 115 20 — 20| + 0
< = LSl 4 (U ) (™ — I8 A |
HIL N):cn N = Ta-Nll + 20— = zall) + én
< o = LYzl + (14 v) on — 20w
A+ v 11 e = 2w+ (U vn) Jn = 2
+(2 + vn)n
< mn—m%am+u+vmﬂm—x%Nn

A+ v I e 8 = 2 ]+ 2+ vn)dn — 0 (1 — 00).

This implies that
lim ||I 2, — 2,] = 0. (3.13)
n—-~oo

Then we also have from (3.11) and (3.12)

n%fn%nsn%fﬂmnwwﬂgm T%H
< ||xn_Tl (n) xn”"’(l'i"/n)n 1(71) -1 an"'(bn
< nxn-f*’”xnn-+<1%—unxnfﬁ2? EEE S
1

+||Ii(n_N)In—N = Zn-n| + [[Tn-n — Znl) + ¢n

< n = TRl + (14 )| — 2]
1+ ) [0 -y = Tnen |l + (1 ) |2y — 2
(2 + V) Pn

< an = TS wnl + [0+ v)? + (L v)] llon — 2]

1+ ) L T = Tnn |+ (24 V) dn — 0 (0 — 00).

This implies that
lim ||Thz, — 2, = 0. (3.14)
n—-aoo
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Now for all £ = {1,...,N}.

|0 — Threxnll < |20 — Tnpell + |Tnre — TngeZngell + | Tnrenge — Tngenl-

Taking lim on both sides in the above inequality, then we get

n—-aoo
lim ||zp, — Thyeznl =0
n—-o0
forall/ ={1,...,N}.
Thus, we have
lim ||z, — Tez,| = 0. (3.15)
n—-—o0

|20 = Intexnll < (|20 — Togell + |Tnte — Invenrell + | nseTnte — Ingownl.

Taking lim on both sides in the above inequality, then we get
n—-ao0

lim ||z, — Inyezn] =0
n—-—ao
forall ¢ ={1,..., N}.
Thus , we have
lim ||z, — Liz,| = 0. (3.16)
n—-uoo
Then the proof is completed. O

Theorem 3.3. Let X be a uniformly convex Banach space, K be a nonempty closed

convex subset of X, {T; : i € {1,..., N}} be N generalized I;-asymptotically nonex-

pansive self-mappings of K with sequences of real numbers {0;,}, {pin} C [0,00)
(o] o0

such that Y 0, < 00, Y. @i < 00 and {I; : i € {1,...,N}} be N generalized

n=1 n=1
asymptotically nonexpansive mappings of K with sequences {7, }, {¢in} C [0, 00)
[e.e] o0

such that > 7, < 0o and Y. ¥, < oo.

n=1 n=1
(1) vy, = max{n, Tin} foralli € {1,...,N}, v, C [0,00), with lim v, =0,
n—-~oo
oo
also > v, < o0,
n=1
(2) ¢ = max{in, Vin} foralli € {1,..,N}, ¢, C [0,00), with lim ¢, =0,

(o]
also Y ¢, < 00,

(3) {oz"}n;rlld {Bn} C [0,1— 4] for some § € (0,1).

N
Let be F = (| F(T;) N F(I;) # 0. Suppose that one of the mappings {T; : i €
i=1

i=
{1, ..., N}} and one of the mappings {I; : i € {1,..., N}} are semi-compact or satisfy
condition (B). Then the implicit iterative sequence {x,} defined by (1.2) converges
strongly to a common fixed point of {T; : i € {1,.... N}} and {I; : i € {1,..., N}}.

Proof. Without loss of generality, we can assume that {7}} and {I;} are semi-
compact or satisfy condition (B). It follows from (3.15) and (3.16) in Lemma 3.2

lim ||z, —Tiz,||=0= lim |z, — I1z,| =0 By semi-compactness of {7} and
n—-s00 n—so0
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{I,} . there exists a subsequence {x,, } of {z,} such that {z,,,} — p € K strongly
as j — o00. From (3.15) and (3.16) in Lemma 3.2

lim |z, — Tyan|| = [lp — Tep|l
n—-m:ao©0
forall ¢ € {1,...,N}, and
m lzn — Loewn | = [lp — Lep|-
n—-:ao0

for all £ € {1,...,N}. This implies that p € F. Since liminf d(z,,F) = 0, Lemma
n—-ma~0

3.1 guarantees that {x,,} converges strongly to a common fixed point in F. If {17 }
and {I; } satisfy condition (B), then we have lim inf d(«,,, ) = 0. From Lemma 3.1,

n—aoo
we have that {z,} converges to a common fixed point in F. This completes the
proof. O
REFERENCES

1. S.S. Chang, K.K. Tan, HW.J. Lee, Chi Kin Chan, On the convergence of implicit iteration process
with error for a finite family of asymptotically nonexpansive mappings, J. Math. Analy. Appl. 313
(2003), 273-283.

2. C. E. Chidume, N. Shahzad, Strong convergence of an implicit iteration process for a finite family of
nonexpansive mappings, Nonlinear Analysis, Volume 62, Issue 6, (2005) Pages 1149-1156.

3. W. Gu and Y.J. Cho, On the Strong convergence of the implicit iteration processes with errors for
a finite familiy of asymptotically nonexpansive mapppings, Applied Math. Letters, 21 (2008), 1046-
1052.

4. K. Goebel and W. A. Kirk, A fixed point theorem for asymptotically nonexpansive mappings, Proc.
Amer. Math. Soc. 35 (1972), 171-174.

5. J. Ai Liu, Some convergence theorems of implicit iterative process for nonexpansive mappings in
Banach spaces, Mathematical communications 7 (2002), 113-118.

6. J. Schu, Weak and strong convergence to fixed points of asymptotically nonexpansive mappings,
Bulletin of the Australian Mathematical Society 43 (1991), no. 1, 153-159.

7. N. Shahzad, H. Zegeye, Strong convergence of an implicit iteration process for finite familiy of gen-
eralized asymptotically quasi-nonexpansive maps, Applied Mathematics and Computation Volume
189, Issue 2, (2007), 1058-1065.

8. Z. H. Sun, Strong convergence of an implicit iteration process for a finite family of asymptotically
quasi-nonexpansive mappings , J. Math. Analy. Appl. 286 (2003) , 351-358.

9. Temir S., On the convergence theorems of implicit iteration process for a finite family of I-
asymptotically nonexpansive mappings, J. Comp. Appl. Math. 225 (2009), 398-405.

10. S. Temir, Convergence of Iterative Process for Generalized I-Asymptotically Quasi-Nonexpansive
Mappings, Thai Journal of Mathematics Volume 7 (2009) Number 2, 367-379.

11. S. Temir, O. Gul, Convergence theorem for /-asymptotically quasi-nonexpansive mapping in Hilbert
space, J. Math. Anal. Appl. 329 (2007) 759-765.

12. K. K. Tan and H. K. Xu, Approximating fixed points of nonexpansive mappings by the Ishikawa
iterative process, J. Math. Anal. Appl. 178 (1993), 301-308.

13. H. K. Xu and R. G. Ori, An implicit iteration process for nonexpansive mappings, Numerical Func-
tional Analysis and Optimization 22 (2001), no. 5-6, 767-773.

14. Y. Zhou and S. S. Chang, Convergence of implicit iteration process for a finite family of asymptot-
ically nonexpansive mappings in Banach spaces, Numerical Functional Analysis and Optimization,
23 (2002), 911-921.



	1.  INTRODUCTION 
	2. PRELIMINARIES AND NOTATIONS
	3.  STRONG CONVERGENCE OF IMPLICIT ITERATION FOR GENERALIZED I-ASYMPTOTICALLY NONEXPANSIVE MAPPINGS 
	References

