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THE CONVERGENCE THEOREMS FOR COMMON FIXED
POINTS OF UNIFORMLY L-LIPSCHITZIAN
ASYMPTOTICALLY ®-PSEUDOCONTRACTIVE MAPPINGS

ZHIQUN XUE

ABSTRACT. In this paper, we show that the modified Mann iteration
with errors converges strongly to fixed point for uniformly L-Lipschitzian
asymptotically ®-pseudocontractive mappings in real Banach spaces.

Meanwhile, it is proved that the convergence of Mann and Ishikawa
iterations is equivalent for uniformly L-Lipschitzian asymptotically ®-
pseudocontractive mappings in real Banach spaces. Finally, we obtain
the convergence theorems of Ishikawa iterative sequence and the modified
Ishikawa iterative process with errors.

1. Introduction

In this paper, we assume that F is a real Banach space, E* is the dual space
of E, D is a nonempty closed convex subset of F and J : E — 25 is the
normalized duality mapping defined by

J@)={f € E": (z.f) =lz|* = ||}, VzeE,

where (-, -) denotes the generalized duality pairing. The single-valued normal-
ized duality mapping is denoted by j.

Definition 1.1. Let T : D — D be a mapping.
(1) T is called uniformly L-Lipschitzian if there is a constant L > 0 such
that for any z,y € D,

[Tz = T"y|| < Lijz —yll, Vn>1.

(2) T is called asymptotically pseudocontractive with a sequence {k,} C
[1,+00) and lim,,_,o ky, = 1 if for each z,y € D, there exists j(z—y) € J(x—y)
such that

(T =Ty, j(x —y)) < knllz —yl*, ¥n>1
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(3) T is called asymptotically ®-pseudocontractive with a sequence {k,} C
[1,+00) and lim,, .o k, = 1 if for all z,y € D, there exist j(x — y) € J(z — y)
and a strictly increasing continuous function ® : [0,+00) — [0,400) with
®(0) = 0 such that

(T"x = T"y,j(x = y)) < kallz —y)* = @(lz —yl), Vn=1.

It is obvious that if T" is an asymptotically ®-pseudocontractive mapping,
then T is an asymptotically pseudocontractive mapping. Conversely, it is not
true. The convergence of Mann-type and Ishikawa-type iteration processes for
uniformly L-Lipschitzian and asymptotically ®-pseudocontractive mappings in
Banach spaces have been studied extensively by many authors, see for example
[1, 2, 3, 6].

Recently, Ofoedu [3] gave iterative approximation problem of fixed points
for uniformly L-Lipschitzian asymptotically pseudocontractive mappings in Ba-
nach spaces. The results are as following.

Theorem 1.2 ([3, Theorem 3.1]). Let E be a real Banach space. Let K
be a nonempty closed and convex subset of E, T : K — K a uniformly L-
Lipschitzian asymptotically pseudocontractive mapping with sequence {kn}n>0
C [1,400), limy—oo kn = 1 such that * € F(T) = {x € K : Tx = z}. Let
{an}n>0 C [0,1] be such that >, o =00, o2 <00 and Y., <o n(kn—
1) < co. For arbitrary xo € K let {x, }n>0 be iteratively defined by

Tnt1 = (1 —ap)zy + @, T2, n>0.

Suppose there exists a strictly increasing function @ : [0, +00) — [0, +00), ®(0)
= 0 such that

(T — 2, (e — 1) < kalle — 2| — Bz — 2 ]), Ve € K.
Then, {xy}n>0 is bounded.

Theorem 1.3 ([3, Theorem 3.2]). Let E be a real Banach space. Let K be a
nonempty closed and convex subset of E, T : K — K a uniformly L-Lipschitz
asymptotically pseudocontractive mapping with sequence {ky}n>0 C [1,+00),
lim, . ky, =1. Let 2* € F(T) = {x € K : Tx = z}. Let {ay}n>0 C [0,1]
be such that Y., <q0m = 00,3, 5002 < 00 and Y., <ok, —1) < co. For
arbitrary xo € K let {x,}n>0 be iteratively defined by

Tn+1 = (1 - an)xn + OlnTnxna n > 0.

Suppose there exists a strictly increasing continuous function ® : [0,4+00) —
[0,400), ®(0) = 0 such that

(T — 2", j(x — 2%)) < kullz — 2" = (l|e — 2*[), Vo € K.

Then, {xy}n>0 converges strongly to * € F(T).
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Remark 1.4. As mentioned above Theorem 1.2 and Theorem 1.3, it is possible
that ®~1(ag) may be not sense while lim, .y, ®(r) = A < ap. For example,
define @ : [0, +00) — [0, +00) by ®(r) = 15, then ®~1(2) is senseless. There-
fore, the proof of Theorem 3.1 and Theorem 3.2 in [3] is not reasonable. In order
to avoid this problem, we will provide a significant improvement. Meanwhile,
we obtain the convergence results of Ishikawa iterative sequence by the equiva-
lence of the strong convergence results for uniformly L-Lipschitzian mappings

in real Banach spaces. For this, we need the following concepts and lemmas.

Definition 1.5. Let 77,75 : D — D be two mappings.
(i) For any given 7 € D, define the sequence {x,}>2; C D by the iterative
schemes

= — — n >
(1.1) { Yn = (1 = bp — dp)xy + b, T @y, + dpw,, n>1,

Tn+l = (1 — anp — Cn)xn + anTlnyn + Cn2n, n = 17

which is called the modified Ishikawa iterative process with errors, where
{an}22 4, {bn oy, {cn}22, {dn}52, are real sequences in [0, 1] satisfying con-
ditions a,, + ¢, < 1,b, +d,, < 1, and {z,}, {w,} are the bounded sequences
in D. If b, = d,, = 0, then the modified Ishikawa iterative process with errors
reduces to:

(ii) For any given u; € D, define the sequence {u,}52; C D by the iterative
schemes

(1.2) Unt1 = (1 —ap — cp)un + an T Uy, + cpvn, n > 1,

which is called the modified Mann iterative process with errors, where {v,,} is
the bounded sequence in D.

If ¢,, = d, = 01in (1.1) and (1.2), then the corresponding iterations are called
the modified Ishikawa and Mann iterations respectively, that is,

(1 3) Yn = (1 - bn)l‘n + bnTznwn; n>1,
’ Tn+1 = (1 - an)xn + &anlym n=>1;
(1.4) Unt1 = (1 —ap)uy + @ T up, n> 1

Lemma 1.6 ([3]). Let E be a real Banach space and let J : E — 28" be a
normalized duality mapping. Then

2+l < lz)|* + 2{y, (= +y))
forall z,y € E and each j(z +y) € J(z +y).

Lemma 1.7 ([4]). Let {pn}>2, be a nonnegative real numbers sequence satis-
fying the inequality

prt1 < (1= 0n)pn + 0(6n),
where 6,, € (0,1) with Y>> | 0, = co. Then p, — 0 as n — .
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2. Main results

Theorem 2.1. Let E be a real Banach space, D be a nonempty closed convex
subset of E and Ty : D — D be a uniformly Lq-Lipschitzian asymptotically ®-
pseudocontractive mapping with sequence {kip}n>1 C [1,+00), lim, oo k1n =
1. Let g€ F(Ty) ={x € D : Thx = x}. Let {an}n>1,{cn}n>1 C [0,1] be such
that 3, <1 ay = 00,limy, o0 an, = 0 and ¢, = o(ay) with a,, + ¢, < 1, for any

n > 1. The sequence {u,}22, is defined by (1.2). Then, {u,}n>1 converges
strongly to q.

Proof. Applying Lemma 1.6 and (1.2), we have

[
= (1 —an — cn)(un — @) + an(T"tun — q) + cn(vn — q)H2
< (1= an = p)?[lun — qlf* + 2an(TTun — 4,5 (unt1 — q))
+ 2¢n(Un = ¢, j(Unt1 — q))
(21) < (L —an—ca)?llun = ql” + 200 (T un — Tiuns1, § (U1 — )
+ 2an (T Un41 — 17, (Unt1 — @) + 2¢nllvn — | - lunt1 — 4|
< (1= ap = cn)?llun = all* + 2an L |Jun — wnga]l - [lunt1 — gl
+ 2an (kinl[uns1 — ql” = @(unt1 — ql))
+enllvn — all + callvn — all - lunsr — qll*.
From (1.2), we observe that
[t — 41|
(2:2) < anllun — T unl| 4 cnllup — vnl|
< (an(1 4 L1) + cn)llun — qll + cnllvn — -
Taking (2.2) into (2.1), we obtain

1 = qll?
< (1= ap — ¢n)?|lun — ql|* + 20 Li[(an (1 + Ly) + cn)[[un — gl|
+ cnllon —qll] - lunsr — 4l

+ 2ankin |[uns1 — ‘IH2 =20, ®([|unt1 —qll) + cnllvn — 4|l
+ cnllvn — all - [Juns1 — C1”2

< (1= an)’[lup — gl
+anLafan(1 + L1) + ca] (lun — qll* + lluns1 — all?)
+ anLicnllvn — q[|(1 + [[uns1 — Q||2) + 2ankin|unt1 — Q||2
= 2an®(Jlunt1 — ql])

+ cnllvn = qll + cnllvn — gl - [[unt1 — q||2-

(2.3)
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It then follows from (2.3) that
(2.4)
[t 1 — alf®
_ (1 —an)? +anLifa,(1+ L1) + ¢,
= 1—2ank1n — anLifan(1+ L1) 4+ ¢p] — (an Ly + Denllon — 4l
2a.,
1 2ank1n — anLlifan(1+ L1) + ¢p] — (an Ly + 1)cp||on — ¢l ®(llunsr —al)
(anLy + L)enllvn — ||
1 —2ank1n — anLi[an(1+ L1) + ¢y) — (an Ly + Dey|lon — gl
Since 2a, k1 +anL1[an(14+Ly)+cp ]+ (an L1+ 1)ep||vn —g|| — 0 as n — oo, then
there exists N such that 2a, k1, +anL1[an,(1+L1)+cp ]+ (an L1+ 1) e ||vn —ql| <
%, Yn > N, ie., 1>1-2ay,k1,—anLi[an(1+L1)+cn)—(anLli+1)cnl|vn—q| >
i(n > N). Thus, we have

[wn, — Q||2

_|_

(2.5)
[tnt1 — qll?
< JJun — q|?
an + 2(k1n — 1) + 2L1[an (1 4 L1) + ] + (anLy + 1)en/an|vn — q|| i — g2
" 1—-2ank1p — an,Ll[an(l + Ll) + Cn] - (anLl + 1)CnH'Un - q|| "
2an,
®(([un+1 —al))

1= 2ankin — anLifan(14 L1) + ¢n] — (anLy + 1)enl[vn — 4
N (e + e~ al
1 = 2ankin — anLi[an(1+ L1) + ¢n] — (an L1 + 1)eg||vn — ¢
< lun — q||2 + 2anAp||un — q”2 —2an,®([[un+1 — qll) + Bn,

where A,, = an+2(k1,—1)+2L1[an (14 L1)+cp]+(an L +1)en/an]on—q|| — 0
asn — o0, B, = 2(an L1 + 1)ep||vn — ql| = o(an).

P(luntri—al) _
I+{lunt1—qll?
i.e., suppose A > 0, and choose a v > 0 such that v < min{l,A\}. Then
D([|tn41— .

=) > e, O(Jungr = all) = Y+ Y lwnss = al* = Yllunss —ql®. And
it results that

Let inf,>n A. Then A = 0. Suppose this is not the case,

tnt1 — ql?

1+2anAnH HQJF n

— ey, — _-n
(2.6) = 14 2a,y 1 1+ 2a,y

2’7 — 2An 2 n
=(1- nsyT . o n P ——

(1= 0 e = al + T

Since a,,, A, — 0 as n — o0, there exists N7 > N such that 211_2(21‘4}; > ~y for all

n > Np. Hence, from (2.6)

n

— a2 < (1= —ol? 4 —="
fones = all* < (1 = @)l = al® + 55—
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for all n > N;. Applying Lemma 1.7, we obtain that ||u,+1 — ¢| — 0 as

é(‘|u71+1_Q|D
S It {lunt1—qll? ) ]
contradiction and so A = 0. Consequently, there exists an infinite subsequence

such that [|u,,+1 —¢q|| — 0 as j — oo. Next we want to prove that ||un;+m —

q]| — 0 as j — oo by induction. Let Ve € (0,1), choose n; > N such that

o) Byt _ 0o
[tn, 41 —qll <€ An,41 < 2(1+e2)” 2an7j+1 < -

n — o0o. By the continuity of ®, then — 0 asn — oo. Thisis a

First, we want to prove

ltn, 12 — ql| < €. Suppose it is not this case. Then |[un,42 — ¢| > €, this
implies ®(||un, +2 — q||) > ®(¢). Using the formula (2.5), then we may obtain
the following estimates

[t +2 = al®

< ||u7lj+1 - Q||2 + 2anj+1Anj+1||unj+1 - q”2

Bn,_l,_l
(2.7) =20, 11P(||tn, 42 — ql|) + 2an, 11 9 -
a/7lj+1
[}
<€ - 2anj+1¥ <é

is a contradiction. Hence ||u,,412 — ¢q|| < €. Assume that it holds for m = k.
Then by the argument above, we easily prove that it holds for m = k + 1.
Hence for Vm > 1, we obtain ||ty +m — ¢|| < €. This completes the proof. [

Remark 2.2. Theorem 2.1 improves and extends Theorem 3.1 and Theorem 3.2
in Ofoedu [3] in the following sense:

1. Theorem 2.1 differs greatly from Theorem 3.1 and Theorem 3.2 of Ofoedu
[3] in the proof method.

2. The conditions Y, <, a2 < oo and > -, an(k, —1) < oo in [3, Theorem
3.1 and Theorem 3.2] are replaced by the more general condition lim,, o v, =
0, the conclusion still holds.

3. The Mann iteration method in [3] is extended to the modified Mann
iteration method with errors introduced by Xu [5]. Therefore, while ¢, = 0,
for any n > 1 in Theorem 2.1, then the following result holds.

Corollary 2.3. Let E be a real Banach space, D be a nonempty closed con-
ver subset of E and Ty : D — D be a uniformly L,-Lipschitzian asymptot-
ically ®-pseudocontractive mapping with sequence {kip}tn>1 C [1,400) and
lim,, oo k1pn =1. Let g € F(T1) ={x € D : Thx = x}. Let {an}tn>1 C [0,1] be
such that ), <, a, = 00 and lim,, . a, = 0. The sequence {u,}5>, is defined
by (1.4). Then, {tun}n>1 converges strongly to q.

Theorem 2.4. Let E be a real Banach space, D be a nonempty closed convex
subset of E and T; : D — D (i = 1,2) be two uniformly L-Lipschitzian asymp-
totically ®-pseudocontractive mappings with the sequences {kin}, {ken} C [1,
+00) and lim, oo k1, = lim, oo ko, = 1. Let ¢ € F(Th) N F(Ty) # 0.
Let {an}Se, and {b,}32, be two sequences in [0,1] satisfying the following

conditions: (1) an,b, — 0 as n — oo; (i) Yo a, = oo. The sequences
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{un e, and {x,}52, are defined by (1.3) and (1.4), respectively. Then the
following two assertions are equivalent:

(i) The modified Mann iteration (1.4) converges strongly to the fized point q
of Th;

(ii) The modified Ishikawa iteration (1.3) converges strongly to the common
fized point q of Ty N T5.

Proof. If the Ishikawa iteration (1.3) converges to the fixed point ¢, then by

putting b, = 0, we can get the convergence of the Mann iteration (1.4).
Conversely, we only need to prove (i) = (ii), i.e., |lun — ¢ — 0 as n —
00 = ||lzn, — ¢/ — 0 as n — oo. Denote L = max{Ly, L2}, where L;

and Lo satisfy the inequality: |7z — Ty|| < L;||lx — y|| for Va,y € D,

it = 1,2; k,, = max{kyn, kopn}, where {k1,} and {ks,} satisfy the inequality:

(Trz —Try, j(z —y)) < kinllz —y||> — ®(|lz — y|),Vz,y € D,¥n > 1,i = 1,2.
Applying (1.3), (1.4) and Lemma 1.6, we have

|Zns1 — Uns?
(L = @) (@0 — wn) + an(Tyn — Tiuy)|?

(

(1 - an) ||xn - unH2 + 2an<T1 Yn — T{LIn+17j(xn+l - Un+1)>
(2.8) + 20, (T Tpp1 — 11" Ung1, § (Tt — Uny1))

+ 2, (T Up g1 — 11" Un, J(Trg1 — Ung1))

IN

1- an) ||£L'n - unH2 + 2an<T1 Yn — Tlnunaj(xn—i-l - un+1)>

IA

< (1= an)?[lzn = unl® + 200 Lllyn — Tps1]l - (12041 — tnia |
+2an (k|01 = tni1||? = @(|nt1 — wnial))

+ 2anLHun+l — Up|| - Hanrl - un+1||~
Observe that

[Yn — Tt
= llan(zn — T7'yn) — bn(2n — T5'2y) ||
< (an + bn + b Lo)|lzn — gl + anLallyn — 4]
< (an +bn + bnLo)||zn — ql| + anLi(1 4 by Lo)|lzn — 4|
< (an + by + by L+ anL 4 apnb, L?) ||z, — q|
< nlllzn = unll + [lun —qll),

where v,, = a,, + by, + b, L + a, L + a,b, L2,
Substituting (2.9) into (2.8), we obtain
(2.10)

|Zny1 — un+1||2

< (1= an)?[lzn = unl® + 200 Lyn (20 — un]l + lun =g} - |01 — tpsa
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+ 25 (knl[2p 1 — tni1|* = ([ 2ng1 — unial)))
+ 2an Ll[upt1 — un| - |[Zn41 — tna]]
< (1= an)*en = unl® + anLyn (|20 — wnll® + llun = ql1* + 2[@n11 — wnia [|*)
+ 200 (kn |01 — tnga[|* = @(l2ns1 — ungal]))
+ anLlfup 1 = upl|(1+ [[2n g1 — wnga]?).

Without loss of generality, we assume that
0 <1-=2ankn —2anYynL — anL||tnt1 —us| <1
for any n > 1. Then (2.10) implies that

lTn1 — un+1||2
(1 —an)?+ anynL
= 1—2ank, — 2an L — anL||tunt1 — ty]

|2n — Un||2

(2.11) an Ly |[tin, — q||% + an L[t 1 — wn||

1 —2anky, — 2an 0L — anL||tnt1 — unl|
2a,

_ D(||zpr1 — un .

1 —2anky, — 20400 L — anL||uns1 — unl| (l2n +1)
Since 2a,k, + 2anYn L + anL||ups1 — un|] — 0 as n — oo, then there exists
N such that 2a,k, + 2a, L + anL||tni1 — unl] < %, Vn > N, ie., 1 >
1 —2anky — 2anvn L — anLl|tns1 — un|| > %(n > N). Thus, we have
(2.12)

||xn+1 - Un+1H2

an + (kn — 1) + L + L||tpt1 — uy]

"1 = 2ankn — 203 L — anL||[tni1 — |

< ||l — un||2 + 2a

Ly llun = glI* + Lllunt1 — uall
1 —2ankn — 2an v L — apL||tp+1 — uy|
2a.,

o <I> In — Up
1 —2anky, — 2anvn L — anL||tnt1 — wp| (lznsa +1l)

2a, B,

2 2
S llam = unll”+ 1 —2anky, — 20,0 L — ap L||tnt1 — un| 2 =
2a,,C,
+ 1 —2anky, — 2anvn L — ap L||ups1 — unl|
2a,

- (I) n - Un
1 —2ankn — 20,0 L — anL||tnt1 — ty]] (l#ns1 = unsa)

< Nlzn = tn|* + 4anBrnl|zn — un||* + 4a,Cp — 20, ®(||2p 11 — tni1l),

where By, = apn~+ (kn—1)+Yn L4 L||tns1 —tnll, Cn = Lyn||ttn — q||>+ L tty g1 —
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3 ¢(‘|$n+1_un+1‘|) — — LA
Set inf,>n THzes —unal? = A. Then X\ = 0. If it is not the case, assume
that A > 0. Let 0 < v < min{1, A}. Then M%“H)Q >, ie.,

1+][Tn+1—Unt1

O([|[zng1 — Ung1l) = v +yllwnsr — un+1||2 > Y| Tnt1 — Un+1H2-

Thus
||$n+1 - un+1H2
1 —|—4aan 2 4ancn
(2.13) S Thoa, o —wlm+ 550
2y — 4B, 4a,Cp
= (1= an Tl — wn? +
1+ 2a,y 1+ 2a,y
By ay,,B, — 0 as n — oo, we choose N; > N such that ?EiB: > « for all
n > Np. It follows from (2.13) that
4a,,C,
n - Un 2 <(1- n n — Un 2 —n
1 = [ < (1= @)l = wal +

for all n > Nj. It follows from Lemma 1.7 that ||€,+1 — upt1|| — 0 as n — oo,
this is a contradiction and so A = 0. Consequently, there exists an infinite
subsequence such that ||z, 11—, 1] — 0 as j — oo. Next we want to prove
that ||, 4m — Un,;4m| — 0 as j — oo by induction. Let Ve € (0,1), choose

) ® .
nj > N such that ||z, 11 — tn,11]] <€ Bn,41 < e Cnj41 < ée). First

8(1+€2)?
we want to prove ||z,;12 — Un,12|| < €. Suppose it is not this case. Then
|0, 42 — Un,42| > €, this implies ®(||zp; 42 — upn,42|]) > P(e). Using the

formula (2.12), we now obtain the following estimates:

HmnijQ _unj+2||2

(2.14) < @, 41 = tn,411° + 4an, 1B 41| Tn, 41 — 41 |12
. +4an;+1Cn; 11 = 2an;1P([|Tn,+2 — Un, +2]])

<€ —an,11P(e) < €

is a contradiction. Hence ||y, 42 —un;2|| < €. Assume that it holds for m = k.
Then by the argument above, we easily prove that it holds for m = k+1. Hence,
we obtain ||z, — u,| — 0 as n — oo. Since ||u, — ¢|| — 0 as n — oo. From
the inequality 0 < ||z, — q|| < ||zn — un|| + ||un — ql|, we get ||z, —g|]| — 0 as
n — 00. (]

Theorem 2.5. Let E be a real Banach space, D be a nonempty closed and
convex subset of E and T; : D — D (i = 1,2) be two uniformly L-Lipschitzian
asymptotically ®-pseudocontractive mappings with the sequences {kin}, {kan} C
[1,+00) and lim,_ o0 k1, = limy_ 00 k2, = 1. Let ¢ € F(Ty) N F(Ty) # 0.
Let {an}52, and {b,}52, be two sequences in [0,1] satisfying the following
conditions: (i) an,b, — 0 as n — oo; (ii) >.o° | a, = oo. Then the modified
Ishikawa iteration sequence (1.3) {x,}22, converges strongly to the common
fixed point q of Ty N T5.
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Proof. Using Corollary 2.3 and Theorem 2.4, we obtain the conclusion of The-
orem 2.5. (I

Similarly, we also obtain the following results.

Theorem 2.6. Let E be a real Banach space, D be a nonempty closed convex
subset of E and T; : D — D (i = 1,2) be two uniformly L-Lipschitzian asymp-
totically ®-pseudocontractive mappings with the sequences {kin}, {kon} C [1,
+00) and lim, o0 k1, = limy oo ko, = 1. Let ¢ € F(Th) N F(Ty) # 0.
Let {an}% 1, {bn}22q,{cn}>2, and {d,}52, be the sequences in [0,1] satis-
fying the following conditions: (1) an + ¢n < 1,b, +dy < 1 for any n > 1; (ii)
Ay b, dyy — 0 as n — oo; (iil) D07, an = 005 (iv) ¢ = o(ay). And let {z,}
and {wy} be the bounded sequences in D. Suppose that the sequences {u,}>2
and {2, }2°, are defined by (1.2) and (1.1) respectively. Then the following two
assertions are equivalent:

(i) The modified Mann iteration with errors (1.2) converges strongly to the
fized point q of Tt;

(ii) The modified Ishikawa iteration with errors (1.1) converges strongly to
the common fixed point q of Th N T5.

Theorem 2.7. Let E be a real Banach space, D be a nonempty closed convex
subset of E and T; : D — D (i = 1,2) be two uniformly L-Lipschitzian asymp-
totically ®-pseudocontractive mappings with the sequences {kin}, {kon} C [1,
+00) and limy, o0 k1, = limy oo ko, = 1. Let ¢ € F(Ty) N F(Ty) # 0. Let
{an}22 1, {bn 3521, {en 22 and {d,}22, be the sequences in [0,1] satisfying the
following conditions: (1) an +cpn < 1,b, +dp, <1 for any n; (i) an,bp,d, — 0
as n — oo; (iii) Yo% a, = o00; (iv) ¢, = o(ay). And let {z,} and {w,} be
the bounded sequences in D. Suppose that the sequence {x,}32 , is defined by
(1.1). Then the modified Ishikawa iteration with errors (1.1) converges strongly

to the common fixed point q of Ty N T5.

Proof. Using Theorem 2.1 and Theorem 2.6, we get the results of Theorem
2.7. O
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