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ABSTRACT. Zhenhua He and Wei-Shih Du, Fized Point The-
ory and Applications 2011, 2011:33 introduced a new method
of finding a common element in the intersection of the set of
solutions of a finite family of equilibrium problems and the set
of fixed points of a nonexpansive mapping in real Hilbert spaces.
In this paper we modify the algorithm of He and Du and prove
strong convergence results for finding a common element in the
intersection of the set of solutions of a finite family of equilib-
rium problems and the set of fixed points of an asymptotically
nonexpansive mapping in real Hilbert spaces.
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1. INTRODUCTION

Let H be a real Hilbert space with the inner product (.,.) and the
induced norm ||.||. Let C' be a nonempty closed convex subset of H.
A mapping T : C' — C is said to be L-Lipschitzian if there exists
L > 0 such that

[Tz — Ty|| < L||z —y||, Vz,y € C. (1.1)

T is said to be a contraction if L € [0,1) and T is said to be
nonexpansive if L = 1. T is said to be asymptotically nonexpansive
(see for example [1]) if there exists a sequence {k,}2>; C [1,00)
with 1i_>m k, = 1 such that

[|T"x — T™y|| < knllx — yl|, Vz,y € C. (1.2)

It is well known (see for example [1]) that the class of nonexpansive
mappings is a proper subclass of the class of asymptotically nonex-
pansive mappings. 7' is said to be uniformly L-Lipschitzian if there

Received by the editors November 16, 2012; Accepted: February 21, 2014
1Com‘esponding author
77



78 M. O. OSILIKE AND C. I. UGWUOGOR

exists L > 0 such that
[ T"z —T"y|| < L||lz — yl|, Vz,y € C. (1.3)

T is said to be asymptotically regular at a point x € C (see for
example [2-5]) if nh_}rgo |77z — T"z|| = 0, and it is said to be
asymptotically reqular on C' if it is asymptotically regular at all z €
C'. T is said to be uniformly asymptotically reqular (see for example
[2-5]) if for any € > 0 there exists an N such that for all € C' and
for alln > N, ||T" "z —T"z|| < €. It is known (see for example [5])
that if 7" is nonexpansive, then for all A € (0,1), T\ = A[+(1-\)T
is asymptotically regular at = if {T}(z) : n € N} is bounded, and
if C' is bounded; then 7T) is uniformly asymptotically regular. 7' is
said to be demiclosed at p if whenever {z,}5°, is a sequence in C'
which converges weakly to z* € C' and {T'z,, }°; converges strongly
to p, then Tz* = p.

Let Po : H — C denote the metric projection (the proximity
map) which assigns to each point x € H the unique nearest point
in C, denoted by Po(z). It is well known that z = Po(x) if and
only if (x — 2,z —y) > 0, Yy € C, and that Pk is nonexpansive.

We recall that a bi-function f : C' x C — R is any function
such that f(z,z) = 0 for all € C. A bi-function f is said to
be monotone if for all z,y € C, f(z,y) + f(y,x) < 0. If fis a
bi-function, the classical equilibrium problem is to find z € C' such
that

f(z,y) > 0,Vy € C. (1.4)

Let EP(f) denote the set of all solutions of the problem (1.4). Since
several problems in Physics, Optimization and Economics reduce to
finding a solution of (1.4) (see for example [6-7]), some authors had
proposed some methods to find the solution of the equilibrium prob-
lem (see for example [6-9]). If F(T) := {x € C : Tx = z} # 0,
several authors have applied various iterative methods such as the
composite iterative algorithm, the C'Q) algorithm, viscosity approx-
imation methods, etc, to find a common element in EP(f) N F(T)
(see for example [10-17]). Let I denote an index set, for each i € I,
let f; be a bi-function from C'x C' into . The system of equilibrium
problem is to find x € C such that

filz,y) >0, Vy € C and Vi € I. (1.5)

(Micr EP(f;) is the set of all solutions of the system of equilibrium
problem (1.5). For each i € I, if fi(x,y) = (Ajz,y — x), where
A; : C — C'is anonlinear operator, then the problem (1.5) becomes
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the following system of variational inequality problem:
Find an element x € C' such that

(Aix,y —x) >0, Yy € C. (1.6)

As we already mentioned above, the equilibrium problem unifies a
lot of different problems in Optimization and Nonlinear Analysis
and for this reason the existence of solutions for equilibrium prob-
lems was studied in a large number of papers. Recently, there were
many papers devoted to algorithms for finding such solutions (see
for example [10-17]).

Recently, He and Du [17] proved the following strong convergence
theorem for equilibrium problems and fixed points of nonexpansive
mappings in real Hilbert spaces:

Theorem 1.1 ([17]). Let C be a nonempty closed convex subset
of a real Hilbert space H and I = {1,2,3,...,k} be a finite index
set. For each i € I, let f; be a bi-function from C' x C' into 3 which
satisfies the following conditions:

(A1) fi(z,x) =0 for all x € C,

(A2) f; is monotone,

(A3) for each z,y,z € C, ltiig filtz+ (1 = t)z,y) < fi(x,y), and

(Ad)

A4) for each z € C,y — fi(x,y) is convex and lower semi-
continuous.

Let S': C — C be a nonexpansive mapping with
Q=N EP(f))NF(S)#0. Let \,p€ (0,1) and let g : C — C
be a p-contraction. Define T : H — C by

. 1
T;n.’ﬂ = {Z eC: fz(’zay) + T_<y —Z% _'7:)7 vy € C}a
and let {x,} be a sequence generated as follows:

z,€C

ub =T x,, Viel

Tp41 = ang(xn) + (1 - an)yn7 (17)
Yn = (L = N, + ASzy,

1 k
2, = “n+'];+“", Vn € N.

If the control coefficient sequence {a,} C (0,1), and {r,} C (0, c0)
satisfy the following conditions:

(D1) lim o, =0, £, = 00 and lim |ay, 41 — | =0,
n—o0 n— oo

(D2) liminfr, > 0 and lim |r,.1 — 7| =0,
n—oo n—oo
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then the sequence {z,} and {u’}, for all i € I, converge strongly
to an element ¢ = Pog(c) € Q.

Theorem 1.1 contains many important results in the literature
and has many important applications as demonstrated in [17].

It is our purpose in this paper to extend Theorem 1.1 to the case
where S belongs to a certain class of asymptotically nonexpansive
maps.

2. PRELIMINARY

We shall need the following results:

Lemma 2.1 [18] (Demiclosednes Principle). Let E be a uni-
formly convex Banach space, C' a nonempty closed convex subset
of F and T : C' — C an asymptotically nonexpansive mapping
with a sequence {k,} C [1,00) with ILm k, =1. Then (I —T) is

demiclosed at zero.
Lemma 2.2 ([19]) Let {z,} and {y,} be bounded sequences

in a Banach space E and let {3,} be a sequence in [0,1] with
0< hm mf Bn < llm sup Bn < 1. Suppose x,11 = Boyn + (1 — Bn)zy

for all 1ntegers n > O and lHm sup(||yns1 — Ynll — [|Tne1 — xal|) <0,
n—oo
then lim |y, —z,|| =0
n—o0

Lemma 2.3 ([6]). Let C' be a nonempty closed convex subset of
H and let f be a bi-function of C'x C' into R satisfying the following
conditions:

(A1) f( ,x) =0 for all z € C,

(A2) f is monotone,

(A3) for each x,y, z € C, hm fltz+ (1 —t)x,y) < f(z,y),
(A4)

A4) for each x € C,y r—> f(z,y) is convex and lower semi-
continuous.

Let » > 0 and x € H. Then, there exists z € C such that
fzy)+Hy—z2—2) >0, forally e C.

Lemma 2.4 ([8]). Let C' be a nonempty closed convex subset
of H and let f be a bi-function of C' x C' into R satisfying (Al) -
(A4). For r > 0 and each x € H, define a mapping T, : H — C' as
follows: T,.(x) ={z € C: f(z,y) + %(y —z,z—x) >0, Vy € C}.
Then the following hold:
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(i) T, is single valued;
(i) 7T, is firmly nonexpansive, that is, for any z,y € H,
|7 (2) = T (y)II* < (To(2) = Tr(y), 2 — )
(i) F(T;) = EP(f)
(iv) EP(f) is closed and convex.
If I ={1,2,...k, k € N} is a finite index set, f; : C x C — R

bi-functions satisfying conditions (A1)-(A4) and for each i € I,
T! : H — C is given by

A 1
TZHZE: {Z eC: fz(zuy)+r_<y_z72_x>7 vy S C}u

n

then for each ¢ € I, n € N it follows from Lemmas 2.3 and 2.4
that T ,fn is a firmly nonexpansive single-valued mapping such that
F(T! )= EP(f;) is closed and convex.

Lemma 2.5 ([17]). Let H be a real Hilbert space. Then for any
x1,%9, ..., o, € H and ay,aq,...,a; € [0,1] with Zleai =1,ke€
N, we have

k k k-1 k
1Y awill? =) aillzl® =) Y aaglla —al®. (21)
i=1

i=1 i=1 j=it1
Lemma 2.6 ([20]). Let {a,}>2, be a sequence of non negative
real numbers such that
Ap+1 S (]- - /\n)an + /\an + On, N Z ]-7
where {\,} € (0,1),{8.} C R, {0,} is a sequence of nonnegative
real numbers and
(i) 322 A, = 00, or equivalently II9° (1 — \,) = 0,
(ii) limsup 5, <0, and
n—o0
(iil) X9 40y, < 00.
Then lim,,_, a,, = 0.
It is also well known that in real Hilbert spaces H, we have,

|z +yll* < llyll* +2(z, 2 +y), Yo,y € H (2:2)
3. MAIN RESULTS
We now prove the following:

Theorem 3.1 Let C be a nonempty closed convex subset of a real
Hilbert space H and I = {1,2,3,...,k} be a finite index set. For
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each i € I, let f; be a bi-function from C'x C' into R satisfying (A;)—
(Ag). Let S : C — C be an asymptotically nonexpansive with
sequence {k,}>>; C [1,00), let S be also uniformly asymptotically
regular. Let Q = (N EP(f;)) N F(S) # 0, \,p € (0,1), and let
g : C — C be a p-contraction. Let {x,} be the sequence generated
as follows:

z,€C

ul =T x,, Viel

Tnt1 = ang(Tn) + (1 — @)Yn, (3.1)

Yp = (1 — )\)xn +AS"z,,

Zp = u Vn € N.

If the control coefficient sequence {a,} C (0, 1), and the sequence
{r,} € (0, +00) satisfy the following conditions:

(D1) hm a, =0, X% o, = o0 and nlim \anﬂ —a,| =0,

(D2 hm inf rn, > 0 and hm |Tni1 — 1| =
nHOO n—

)
(D3) 292, (ky — 1) < 0. ‘
"Then the sequence {z,} and {ul,}, for all i € I, converge
strongly to an element ¢ = Png(c) € 2.

Proof. Since g: C' = C is a p-contraction, and Po: H - Q C H
is nonexpansive, then Phg : H — Q C H is a p-contraction and
hence has a unique fixed point. Thus, there exists unique ¢ € C' C
H such that Pog(c) = c € .

We proceed to prove that the sequences {x,}, {y.}, {2} and {u’ }
are all bounded. Observe that (3.1) is equivalent to:

1 eC
filul, y) + 2y — iy, ul, — ) >0, Vy € O, and Vi € T

Tpy1 = ozng(xn) + (1 — ) Yn,
Yp = (1 — )\)xn +AS"z,,

For each i € I we have
s, — ¢l = || T} &0 = T} || < ||z — ||, Yn € N. (3.3)

From (3.2) we have

k
1 Z. _
lzn —cll < = D Mg, = el < ||z — cf|. (using (3.3))  (3.4)
=1
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Using (3.4) we obtain

1y — <l

IA AN A

(1 = A)(@n =€) + A(S"z0 = )|

(
(
(
(

1
1—
1

= Mlan = cll + A5 20 — €]
= Mlan = el + Akal[ 20 — €]

Man = el + Menllzn — €l
+ Mky — 1)) ||zn, — .

Observe that application of (3.5) now yields

[2n 11 — €]

Since > (k

Since u!

VANVAN

IN

IN

IN

IA

anllg(zn) —cll + (1 — an)|[yn — cl|

anllg(zn) = g(o)]| + anllg(c) — c|l

+(1 = o)y — |

anpllzn — cll + anllg(c) — |

+(1 — an)(T+ Xk, — 1) ||z, — €|

(1= an(l = p) + Alkn = 1)(1 — a))[|n — €|
+aullg(c) — |

(1 %(kn S )L — a1 — )l — ]

lg(c) —<ll
+an(1—P)W
% llgle) —cll
(1+;(kn—1))ma><{Hxn— |, 1=7) )
n Ak~ 1)) max o c llg(e) — ||
Hj:1(1+p(kj 1)) max{]| I, =7 1

n — 1) < oo, it follows that {z,} is bounded. Thus
{yn},{2n}, and {u}, i € I are all bounded.
Next we verify that lim ||z,,11 — || = 0.

uleC for each iel, we obtain from (3.2) that

n—1 “n

f (urwun 1) + T_<u§z—1 - U;, u:z - [En> Z 07
n
filug 1, uy,) + (Up, = Up 1, Uy g — 1) > 0.

Tn—1

(3.6)

(3.7)
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It follows from (3.6), (3.7) and condition (A2) that
0 < ralfiCup, o) + filup oy ] + (up oy — w10y, — 2

r .
- (Up 1 — Tp1)

Tn—1

< <un71 = Uy, Uy — T —

From (3.8) we obtain

(ul | — bl —ul Ay — 2 g — Ul
r .

‘*T,nl(ui—1—'$n—1» <0. (3.9)
o

Hence

e A e |

+| |21 —ul,_4|| Vn € N. (3.10)

n—1

Let M := 3% |21 — ul,_;||. Then using (3.10) we obtain

1
|20 — 2nal| = HE(U}Z +u? 4. ub)
1
- E(U}z—1 + “31—1 + .. “2—1)“
1 i i
S Ezleuun - unle

Tn
< o — )+ M (3.11)

n—1

Set v, = M—;ﬁn)xn, where 8, = 1—(1—-A)(1—a,),n € N. Then
for each n € N

Tl — Tp = Bn(vn - xn)a and

ang(xn) + M1 — 0,)S" 2,
Bn '

Up =
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Thus for any n € N we have

Wn419(Tnt1)  ng(@n) AL —an)S"2,

Un—i—l —Up =
ﬁn—f—l ﬁn ﬁn
)‘(1 - an-l—l)SnJrlZn—i—l
Bn-i-l
_ 419 (Tnt1) _ ang(Ts)
ﬁn—f—l ﬁn
Ml —«
— ( ﬁ n) [Snzn _ Sn+1zn]
n
—A[l — Oén o 1 — an+1]sn+1z i
mn
Bn Bn-i-l
A1 —ay)
1 1
_T[Sw 2y — 8" 2]
n
Hence
(079 [67%%
v = vl = lwns =2l < 52 g@nsn)ll + GEllotel
M1 —an n "
l—an 1-am .
A ﬂa a BO.[HH 15" 2na |
+)\(1B— Oln) ||Sn+1zn _ Sn+1zn+1||
—|nt1 — znl|
Qn (679
< G lg@n)ll+ ZEllg(en)ll
M1 —an " "
+%HS Zn — S +lzn||
l—an 1-am .
B e wensl (LS
A1 — an
+%(kn+1 — D|zn — zn+t1]]
M1 —an
+%||2n - Zn+1|| — ||3L’n+1 — an (3.12)
Qn Qi
< g lg@nll+ ZEllg(en)ll
M1 —an n "
+%HS Zn — S +1zn||
l—a, 1—an "
+>\’ Bn B +1+1 15" zna |
M1 — an
+%(kn+l - 1)||Zn - Zn+1||
M1 —an
+[% _1]||3L~n+1 — 2|
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A1 —ay)
B

Since S is uniformly asymptotically regular, it follows from (3.12)
and conditions (D1) and (D2) that

Tn+1 — Tn

+ M

T'n

lim sup{||vn1 — vn|| = [[2n41 — znl[} = 0. (3.13)
n—o0
It now follows from (3.13) and Lemma 2.2 that lim ||v, —z,|| = 0.
n—oo

This with the relation z,41 — x, = Bn(v, — x,,) yields

lim ||z,41 — 2a|] = 0.
n—o0

| = 0. We first prove that ||S™u’,—

l
n

u’]| = 0. From (3.10) we obtain

Next we show that lim ||Su’,—u
n—oo

lim [|ul,, —ul]| =0, Viel (3.14)
n—oo
Also
Tim ([ = yal| = lim anlg(@a) = yall = 0. (3.15)
Hence

|n = ynl| <l2n = Zppal] + [[2n41 = ynl| = 0 as n = 0o, (3.16)

It follows that
1
lim [[S"z, — z,|| = lim —||ly, — .|| = 0. (3.17)
n—o00 n—oo \

From Lemma 2.4 we obtain

ug, = c|? = |1} 20 = T5 el
< <T,fna:n —T ¢,x, —c)
= <u2n ¢, Ty — C)
1 ) )
= 5[\\%-CHZ+ |z — ¢l * = [Juy, — zal]?].
Hence

[l = ell* < Mlww = l* = [y, — 2] | (3.18)
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It follows from (3.18) and Lemma 2.5 that

Iz — el = Hi%(u:;—c)

2

1 k
< 23l el
=1
1 k
< 2D |l = ell? = Il —
=1
1 k
= Hwn—CH—EZHuz—wnHQ- (3.19)
=1
Furthermore,
lenir —cl? = llan(g(zn) — ) + (1 an)(n — )|
< anllglen) el + (1= an)llyn el
< 2anllg(@n) = 9()|[* + 2anllg(e) el
(1= ) [(1= Nlln = el + N|8"2 — el ]
< 20%aulwn — cl? + 2an]lg(c) -
(1= ) [(1= Nlln = el + M2l — el 2
< (L= an)(1 = Nllen = l? + anl20% 2 — el
+2/lg(e) = el ] + A2 = Dllza — el
AL = ag)||zn — ¢
< (1= an)(1 = Vlfzn = el + anl20% | —

+2[lg(c) — el + Ak = Dllzn — ]l

k
1 %
ML = an) [fen = el = Y I, — 22l ] (3:20)
=1

Hence
k
A1 — o) A
S Mk —wall® < Hlew — el = llans P
=1
|20 e — l? + 2llg(c) — el ]
FA(kE = 1)l20 — |
< (Il = ell + 141 = ell)l|znsr — zal

|20 e — el? + 2llg(e) — el ?]

+AK2 = D20 — ¢||*> = 0 as n — oo.
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Hence A
nhﬁrrolo ||lu,, — xn|| = 0. (3.21)
Furthermore,
L
Hzn—anSE;||ui—xn||—>Oasn—>oo, (3.22)
and hence
|l — za|| < ||l — zn|] + |70 — 24]| = 0 as n — oo. (3.23)

For all ¢ € I, we obtain from (3.17), (3.2) and (3.23) that
157y, = wp ]| < (18", = S™ 2l + 118"z = zal| + |20 — w ]

< anu:z — Zul| + 18" 20 — 24|
||z — ul|| = 0 as n — oco. (3.24)
Observe that
|20 — Szall < lzn — S"2n|| +[[S"2n — Szl
< lzn = S"z| + LHSn_lzn — zn||
< lzn = S"z| + LHSn_lzn - Sn_lzn—IH
+L||S™ 201 — 2|
< lzn — S"z| + L2H2n — Zp—1]|
+L|1S" 21 — T ||+ LTt — 24|
< lzn = S"zal| + L]z — @] + L2| |20 — 251 ]
+L||701 — 2| + LIS 201 — 2]
+L|[xp-1 — 24|
+L||zp — 2| = 0 as n — oo. (3.25)
Hence
1S, — | 151, = Szall + 11520 — zal| + [l — 1w,

<
< Llluy = zl| + 1Sz — al]

||z — ul ]| — 0 as n — oo. (3.26)
We proceed to prove that limsup(g(c) — ¢, z,, — ¢) < 0. Since {z,}

n— o0

is bounded, let {z,,}32, be a subsequence of {x,} such that

limsup(g(c) — ¢, z, — ¢) = lim (g(c) — ¢, 2, — ). (3.27)
n—00 J—r0

o o - . -
Again since {z,,}52, is bounded, it has a subsequence {z,, }7°_;

which converges weakly to a point z* € C. It follows from (3.21)
that lim [|u, ~— xp, [ = 0, and hence {w, }7_; converges
m—00 m m m
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weakly to z* for all ¢ € I. Since (I —5) is demiclosed at 0 (Lemma
2.1), it follows from (3.26) that z* € F(S) := {z € C : Sz = z}.
Furthermore, since

filul Ly)+ !

M, ?

(y—uflj ,u;j — T, ) >0, VyeC, and Vi € I,

it follows from (A2) that
1

Tn' <y_u;jm7u;]-m _Injm> Z fl(y7uizjm) +fZ( iljm7y)
Jm
1 7 7
+ . <y M i, ”Jm>
Tjm
Thus
(y =, —=——=) = fily,uy,,, ), Yy € C.
Tjm

It follows from (3.21) and (D2) that
fily,z7) <0, Vy € C. (3.28)

For arbitrary but fixed y € C, let y, = ty + (1 — t)a*, t € [0, 1].
Then y; € C' and hence f;(y;, z*) <0, Vi € I. From (A1)-(A4) we
obtain for all i € I

0= fi(y,y) < tfilye, y) + (1 —1) filye, 2°) < tfilyy), Vi € 1
and hence,

fila®,y) 2 dim filty + (1 = t)2%,y) = lim fi(y,y) 2 0. (3.29)

It follows from (3.29) that z* € N&_, EP(f;), and hence
z* € Q= (N, EP(f;))NF(S). From (3.27) we obtain

limsup(g(c) — ¢,n, —c) = lim(g(c) —c,z,, — )
n—o00 J—ro0

= Jim (g(c) — ¢ 2, — )

= {g(c) —c,a" —¢) <0. (3.30)

Finally we prove that {z,}, {u.}, Vi € I converge strongly to
c = Pagl(c) € Q.
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Using (2.2) we obtain

i — el = [1(1 = ) (g — ) + aulg(za) — )|

(1= 0)? [ — €l? + 20 (g (z0) = ¢, 21 — )

(1= an)[[1(1 = A) (& =€) + A(S"z0 = )|

+200{g(c) = ¢, Tny1 — ¢)

+20pl[n — lll| i — |

< (1= )1+ Ay — 1)l = cl?
+2a,(g(c) — ¢, Tpy1 — )

IA

IN

20upllan = ol [l[ns = @all + e — cll]
= [1-20,(1 = p)|lfz —
+an [an“xn - C|| + 2<g(C) — C, In+1 — C>

2l 0 — el llns1 — zall]

+(1 — ) AMky — D]z, — || (3.31)
Let a, == ||z, — ¢||?, An = 20, (1 — p),
B 1= sy |l = ell +2(g(€) = &, Tai1 =€)
20|12 — ||| nss — xn||}, on = A(kn — 1)||2n — ¢|[2. Then it
follows from (3.31) that

ani1 < [1 = Np]an + Ay + o,

and it follows from Lemma 2.6 that nh_)rg() a, = nh_)r{)lo |||z —¢|| =0,

and it also follows from (3.21) that lim |[u}, —¢|| =0, Vie I. O
n—oo

Corollary 3.1 Let C' be a nonempty closed convex subset of a
real Hilbert space H and Let f be a bi-function from C' x C into
R satisfying (A;) — (Ag). Let S : C — C be an asymptotically
nonexpansive mapping with sequence {k,}>>, C [1,00). Let §
uniformly asymptotically regular with Q = EP(f)NF(S) # 0. Let
Ap € (0,1) and g : C — C is a p-contraction. Let {z,} be a
sequence generated as follows:

x| € C
Up = Trnxm

Tpt+1 = Qng(xn) + (1 - Oén)!/m
Yn = (1 = N, + AS™uy,
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If the above control coefficient sequence {a,,} C (0,1) and {r,} C
(0, +00) satisfying the following restrictions:

(D1) lim a, =0, X2 0, = 400 and lim |a,41 — | =0,
n—-:aoo n—s oo

(D2) liminfr, > 0 and lim |rp,4 — 7, =0.
n—aoo n—ao0
(D3) 352, (o — 1) < 00,
Then the sequence {z,} and {u,} converge strongly to
an element ¢ = Pog(c) € Q.

If f; = 0, Vi in Theorem 3.1, then from the algorithm (3.1) we
obtain u!, = Po(z,), Vi. Thus we have the following:

Corollary 3.2 Let C be a nonempty closed convex subset of
a real Hilbert space H and let S : C' — C' be an asymptotically
nonexpansive mapping with sequence {k,}>2, C [1,00), and let S
be uniformly asymptotically regular with F'(S) # 0. Let \,p €
(0,1) and g : C' — C'is a p-contraction. Let {z,} be a sequence
generated as follows:

;1:160

Tpt1 = O‘ng(xn) + (1 - O‘n)yna
Yn = (1 = Nz, + AS"Po (),

If the above control coefficient sequence {a,} C (0,1) satisfy the
conditions:

(D1) lim «, =0,%2, a, = +ooand lim |a,+1—ay,| =0, and
n—-:aoo n—-:aoo
(D2) 22, (ky, — 1) < 0.
Then the sequence {x,} converges strongly to an element
¢ = Pag(c) € F(S).
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