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FIXED POINTS SOLUTIONS OF GENERALIZED
EQUILIBRIUM PROBLEMS AND VARIATIONAL
INEQUALITY PROBLEMS

Y. SHEHU* AND C. O. COLLINS

ABSTRACT. In this paper, we introduce a new iterative scheme for finding
a common element of the set of common fixed points of infinite family of
nonexpansive mappings and the set of solutions to a generalized equilibrium
problem and the set of solutions to a variational inequality problem in a real
Hilbert space. Then strong convergence of the scheme to a common element
of the three sets is proved. As applications, three new strong convergence
theorems are obtained. Our theorems extend important recent results.
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1. Introduction

Let K be a nonempty closed convex subset of a real Hilbert space H. A mapping
A: K — H is called monotone if

<A.T*Ay,l‘fy>2(), V’I’,yEK (1)
The variational inequality problem is to find an z* € K such that
(Az*,y —z*) >0, Vy € K. (2)

(See, for example, [2-4]). We shall denote the set of solutions of the variational
inequality problem (2) by VI(K, A).

A mapping A : K — H is called inverse-strongly monotone (see, for example,
[3, 10] if there exists a positive real number « such that (Az— Ay, z—y) > «of|Az—
Ay||?, Yo,y € K. For such a case, A is called a-inverse-strongly monotone.
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A mapping T : K — K is called nonexpansive if
[Tz = Ty|| < [lz—yll, Vz,y € K.

A mapping T : K — K is said to be k-strictly pseudocontractive if there exists
a constant k € [0, 1) such that

172 = Tyl|* < lla = y|]* + kl[(1 = T)x — (I = T)ylP?,

for all z,y € K. If £k = 0, then the mapping T is nonexpansive. Observe that
if T is a k-strictly pseudocontractive and we put A := I — T, where [ is the
identity operator defined on K, then we have that

(I = Az — (I = A)yl* < [|lz —yl|* + k|| Az — Ay][?
for all z,y € K and since H is a real Hilbert space, we have that
(T = A — (I = Ayll2 = [l — ylI? + | Az — Ay|[2 - 2e — y, Az — Ay).
So,
1—k 9
(& -y, Az — Ay) > ——||Az — Ay||".

Thus, if T is a k-strictly pseudocontractive mapping, then A = I — T is an
a-inverse strongly monotone operator with o = %

A point z € K is called a fized point of T if Tx = x. The set of fixed points of
T is theset F(T):={x € K : Tx = z}.

Let F be a bifunction of K x K into R, the set of reals and A : K — H be a
nonlinear mapping. The generalized equilibrium problem is to find = € K such

that

for all y € K. The set of solutions of this generalized equilibrium problem is
denoted by EP. Thus

EP:={z* € K: F(z",y) + (Az",y —2*) > 0, Yy € K}.

In the case of A =0, EP is denoted by EP(F) and in the case of F =0, EP is
denoted by VI(K, A). The problem (3) includes as special cases, optimization
problems, variational inequalities, minimax problems, Nash equilibrium prob-
lems in noncooperative games, etc (see, for example, [1, 12]). Very recently, the
problem of approximating fixed points of nonexpansive mappings which are also
solutions to generalized equilibrium problem has become an interesting area of
research for many authors in fixed point theory and many iterative schemes have
been developed. Furthermore, these iterative schemes are for either single non-
expansive mapping (see, for example, [8, 10, 11, 17], [22-24] and the references
contained therein) or finite family of nonexpansive mappings (see, for example,
[15], [18] and the references contained therein) or infinite family of nonexpansive
mappings (see, for example, [16, 21, 26] and the references contained therein).
We remark here that many of the algorithms constructed for approximation of
common fixed points of family of nonexpansive mappings which are also so-
lutions to generalized equilibrium problems involve the so-called W,,-mapping
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generated by T, T,_1,...,77 mappings (see, for example, [5-7], [25] and the
references contained therein). Also, the problem of approximating the common
fixed points of finite family of asymptotically nonexpansive mappings which are
also solutions to variational inequality problems have also been considered (see,
for example, [13, 20]).

In this paper, we propose a new iterative scheme for finding a common el-
ement of the set of common fixed points of an infinite family of nonexpansive
mappings and the set of solutions to a generalized equilibrium problem and the set
of solutions to a variational inequality problem in a real Hilbert space. We show
that the iterative scheme proposed converges strongly to a common element of
the three sets. Then, three new strong convergence theorems are deduced. Our
proposed algorithm does not involve the W,,-mappings for the family of opera-

tors considered. Furthermore, the condition: "Let > sup{||T,+12 — Thx|| : x €

B} < oo for any bounded subset B of K and T be a;napping of K into itself de-

fined by Tz := lim T,z for all x € K and suppose that F(T) = (| F(T,) # 0"
n—oo n=1

used in [14] and [19] is dispensed with in our iterative algorithm.

2. Preliminaries

Let H be a real Hilbert space with inner product (.,.) and norm ||.|| and let K
be a nonempty closed convex subset of H. The weak convergence of {x,,}22; to
x is denoted by x,, — = as n — oo, while the strong convergence of {x,,}5°; to
x is written x,, =  as n — oo.

For any point v € H, there exists a unique point Pxu € K such that

[lu = Preul| <lu—yll, Vy € K. (4)

Py is called the metric projection of H onto K. We know that Pk is a nonex-
pansive mapping of H onto K. It is also known that Py satisfies

(z —y, Pk — Pxy) > ||Pxx — Pxyl|?, Va,y € H. (5)
Furthermore, Pxx is characterized by the properties Pxx € K and

(x — Pga,Pkx —y) >0, Yy € K, (6)

|z = Prez||* < ||z =yl = [ly — Pxa|*, Ve € H, y € K. (7)

In the context of the variational inequality problem, (6) implies that
¥ € VI(K,A) & 2" = Pg(z® — NAx™), VA > 0.
If A is a-inverse-strongly monotone mapping of K into H, then it is obvious
that A is é—Lipschitz continuous. We also have that for all x,y € K and r > 0,
(I = rA)z — (I = rA)y|)* = ||z — y — r(Az — Ay)||?
=|lz — ylI* = 2r{Az — Ay,z — y) + r?|| Az — Ay||? (8)
<z =yl + r(r — 2a)|| Az — Ay||?
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So, if r < 2a, then I — rA is a nonexpansive mapping of K into H.

For solving the equilibrium problem for a bifunction F' : K x K — R, let us
assume that F' satisfies the following conditions:

(A1) F(z,z) =0 for all z € K

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

(A3) for each z,y € K, }%F(tz + (1 =t)a,y) < F(x,y);

(A4) for each z € K, y — F(x,y) is convex and lower semicontinuous.

Lemma 1 (Blum and Oettli, [1]). Let K be a nonempty closed convex subset of
H and let F be a bifunction of K x K into R satisfying (A1) — (A4). Let r > 0
and x € H. Then, there exists z € K such that

1
F(z,y)+;<y—z,z—x>20 forall y € K.

Lemma 2 (Combettes and Hirstoaga, [9]). Assume that F': K x K — R satisfies
(A1) — (A4). Forr >0 and x € H, define a mapping T, : H — K as follows:

1
Tr(x):{ZGK:F(z,y)—i—;(y—z,z—x) >0,Vy € K}

for all z € H. Then, the following hold:

1. T, is single-valued;

2. T, is firmly nonexzpansive, i.c., ||Trx — Try||*> < (Trx — Ty, — y) Yo,y € H;
3. F(T,) = EP(F);

4. EP(F) is closed and convez.

3. Main Results

Theorem 1. Let K be a closed convex nonempty subset of a real Hilbert space
H. Let F be a bi-function from K x K satisfying (Al) — (44), A be an a-
inverse-strongly monotone mapping of K into H, B be an [-inverse-strongly
monotone mapping of K into H and for each i = 1,2,..., let T; : K — K be

a nonezpansive mapping. Suppose F := (| F(T;)NEPNVI(K,B) # (. Let
i=1
{zn}oiy, {ynitozy (1=1,2,...) and {z,}52, be generated by xo € K,

Ci,=K, Ci=C,
i=1

x1 = Po, o

F(Zn,y) + <Axn7y - Zn> + i<y — Zn,&n — xn> >0vVye K
Uy = P (2n — AnBzy)

Yni = Oni%n + (1 — ) Titty, n>1

Crt1,i :O*c{)Z € Chni t|yn,i — 2l < |lzn — 2|[}, n 21

Cn+1 = m On+1,i

=1
ZTni1 = Po, w0, n > 1.
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Assume that {a,;}5>, C [0,1) (i =1,2,...), {rn}s2; C [0,2a] and {A\,}22, C
[0,25] satisfy
0<a<r,<b<2a, 0<c< A, < <28, 0<ay; <d; <1

Then, {xn}52, converges strongly to Prxg.

Proof. Put z, := T, (x, — rnAz,), n > 1. Let 2* € F and {T}. }22, be a
sequence of mappings defined as in Lemma 2. Since both I —r, A and I — \,,B
are nonexpansive for each n > 1 and z* = T,. (x*— )\, Az*), we have ||u, —z*|| <
||z, — 2*|| and from (8), we have
||z — $*||2 =T, (xn — rpAzn) — z*HZ
=||T;., (x, — rpAxy) — Ty, (2% — 7, Az™)||?
< = 1Ay, — (I —ryA)z*||?
<|zn — |2 + 7o (rn — 2a)|| Az, — Ax*||?
<|n — || (since 7, < 2a, Vn > 1).
Let n =1, then C; ; = K is closed convex for each i = 1,2, .... Now assume that
Ch,; is closed convex for some n > 1. Then, from definition of C},11,;, we know
that Cp41,4 is closed convex for the same n > 1. Hence, C), ; is closed convex for
n > 1 and for each i = 1,2,.... This implies that C), is closed convex for n > 1
and for each i = 1,2,.... Furthermore, forn =1, F C K = ;. For n > 2, let
x* € F. Then,
||yn,i - ZE*H <

<ap,if|zn — 2" + (1 = ani)|[up — 27|

|20 = 27|+ (1 = an )| | Tiun — 2]

<an,illzy — 2] + (1 — api)||zn — 27|
<[lzn — 2],
which shows that z* € C,, ;, Vn > 2, Vi =1,2,... Thus, F C C,,;, Vn > 1, Vi =

1,2, ... Hence, it follows that F' C C,, Vn > 1. Since z,, = P¢, xo, Yn > 1 and
Tpt1 € Cpy1 C Cp, VYn > 1, we have

[lzn = @ol| < |[Zn41 = 2ol], Y = 0. (10)
Also, as F' C C,, by (4), it follows that
llzn, — x0l| < ||z — 0|, 2z € F, Vn>0. (11)

From (10) and (11), we have that lim ||z, — xo|| exists. Hence, {x,}32, is

bounded and so are {z,}7%2, {Az, 102, {Tiun}Sey, {Bzn )02, and {yni o2,
i=1,2,.... For m > n > 1, we have that z,, = Pc, z¢ € Cp, C C,. By (7), we
obtain

||x7rz_xn||2 < ||$n—$0||2—”5€m—5€0”2. (12)

Letting m,n — oo and taking the limit in (12), we have z,,, —x,, — 0, m,n — oo,
which shows that {x,, }22  is Cauchy. In particular, lim ||z,41—2,|| = 0. Since,
n—oo
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{zn}22, is Cauchy, we assume that z,, — z € K. Since 2,41 = P, ,, 20 € Cpt1,

then [|yns — Znt1|l < ||2n — Tnt1]| and it follows that

n41

||yn’i = Zn|| < ||Yn.i = ZTnp1l|| + |20 — Toga || < 2020 — Tnga]]-

Thus,

lim ||yn: — || =0, i=1,2,...
n—oo

Furthermore,
lyn,i = 2|1* < anllen — 2 |* + (1 — an)[|Tiug — 2|
<anl|v, — $*|‘2 + (1 = an)|[un — x*HQ
124+ (1 = an)lzn — 2|2

— an )Ty, (20 — rndxy) — T, (2° — 7“nAzzc*)||2
I

San,inn -
e e
<apillzn — 1 —an)l|(@n — rnAzy,) — (* — r Az™)

+(
+(
17+ (
Sanllen = 2*[[F + (1 = any) [Hmn —2*|* + 1o (rn — 20)|| Az, — Ax”||?

=||zn — 2*]|? + (1 = api)n(rn — 20)|| Az, — Az*|2.
Since 0 <a <7, <b<2aand 0 < ay; < d; <1, we have

(1 = di)a(2a = b)|| Az, — Az*|* <[lzy — 2|1 ~ ||yn,i — 2"||?

<lyn.i = zall(lzn — 2™ + llyni — 2*[]).
Hence, nlgroloﬂAxn — Az*|| = 0. From (9), we have
Hyn,i - x*||2 < apil|rn — x*||2 +(1— an,i)HTiun - x*|\2
< anillzn — 2" []F + (1 = an)|lun — 2*[|? (13)

< an,inn —x*||2 + (1 - an,i)Hzn —m*||2.

On the other hand,
|20 — || < ||T}., (20, — T Azy) — T, (2% — 7 Az™) ||

<{(xp, — rnAz,) — (¥ — rpAz"), z, — x¥)

1
=2 [l@n = raAz) = @* = rp AT+ llzn — 2|1

—|(xn — rndx,) — (2% — rpAx™) — (2, — 3:*)||2}

1 *[12 * * *\ 12
Si{”xn_x I1* = [[(zn — rnAzn) — (2" — rpAz™) — (2, — 27|

+ llzn - 2*|1%]

1
:§[||xn—x*||2—|—||zn—x*||2—Hzn—mn||2+2rn<mn—zn,Axn—Am*>

— riHAwn — Ax*||2}
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and hence
llzn — &*|1? <[lzn — &*|1> = ||2n — @nll® + 2rn (20 — 20, ATy — Az™)
—riHAJ}n —AI*H2 (14)

§Hl’n_$*||2_||Zn_zn|‘2+27“nHa’n—Zn||HA$n—A$*||-
Putting (14) into (13), we have

g = 27112 < llwn — @117 = (1 = an)llzn = @all® + 2ralln — 20l Aza — Aa”].

It follows that

(1 =di)llzn = znll® <|lzn — 2*|1? = llyn,i — @*[1? + 2rallen — 2n||||Azn — Az*||

Il

Uyn,i = znll(lzn = (| + lyn,i — 2°])) + 2rpllzn — 2nl|[|Azn — Az
Therefore, lim ||z, — z,|| = 0. This implies that
n— o0
l|[Znt1 = znl| < (|21 — @all + |20 — 20]| = 0, n — o0,
Since z,41 € Cr41, then
||yn,i - xn-‘rl” < ||xn - xn+1||~ (15)
But yn,; = @y iy + (1 — oy ;) Tiu, implies that
yn,i — xn-HHQ = an,il|lTn — xn-HHQ + (1 = an,i)||Tiun — $n+1||2 (16)
- an,i(l - an,i)l‘mn - Tiun||2»
Putting (16) into (15), we have
(1- O‘n,i)HTiun — Ty |2 <api(l- O‘n,i)”xn *TiunHZ +(1— O‘n,i)Hxn —Tpy1] ‘2-
Thus,
||Tzun - $n+1||2 < an,i”xn - Tiun||2 + ||xn - xn+1||2- (17)
But
||1—1Lun - xn+1||2 :||xn+1 - xn||2 + 2<xn+1 — Tn, Tn — Tzun>
+ [|zn — TzUnH2
Putting (18) into (17), we have
(1 - dl)Hmn - T‘zunH2 <- 2<xn+1 — Tn, Tp — Tzun>

<2lzns1 — @n|lllen — Tunll = 0, n — oco.

(18)

Hence, lim ||z, — Tiu,|| =0, i = 1,2, ... Furthermore,
n—oo

yni — @11 < anllen — 2|17 + (1 — an )| Tiuy, — 2*[|?
<an;l|Tn — $*||2 + (1 = an)|[un — CE*HQ
<oy illzn — + (1 — an,i)||Px (2 — AnBzy) — Pr (" — AnBz*)||?
<an;l|Tn — $*||2 + (I = an)l[(zn — AnB2y) — (2" — )‘an*)HQ
<an,il|zn = 2*|* + (1 = an)ll|2a — 2| + An(An = 28)||Bzn — Ba*||’]
<wn — 2|12 + (1 = ani) An(An — 2B)||Bzn, — Bx*||?.

*||2



1270 Y. Shehu and C. O. Collins

Thus,
(1 = ani)Ma(28 = M)l Bzn — Ba™[|* < |z — 2°|* = [lyn,i — 27|
< Myni = zall(llzn — 27 + [lyn. — 7).
Since 0 < c < A, < f <28, 0 < ay,; <d; <1, we have that
lim ||Bz, — Bx*|| = 0. Now, from (5), we obtain
n—r oo
un = &*[[% < [|Prc(2n — AnBza) — Pic(a” — A Ba®)|?

<{(zn — AnBzp) — (2" — A\ Bz"),up — ")

1

511G = ABzn) = @ = B2 )+ flun — 27|

(20 = AaBzn) — (& — AaBz") — (un — x*)||2}

< % ||zn — 22 4 [[um — 27| = ||(20 — AnBzn) — (&° — AnBa™) — (un — )|
= Ll on = 0+l — 271 = — 30l + 2rn (o =, B — B
—)\iHan—Bm*HQ]
Thus,

l[tn — x*||2 <@ — 33*||2 — |lun — zn||2 + 20|20 — unl|/|Bzn — Ba™|].
Using this last inequality, we obtain from (9) that

Tn — 37*”2 +(1 - an,i)”Tiun - x*HQ

yn.i — z*[]> < ol
< amillzn — 2| + (1 = om )l fun — 27|
<|lzn — $*||2 — (1= ani)||un — Zn||2

+ 2Xn (1 = an)|[un — 20l|[|B2n — Ba™|].
This implies that
(1= @ )llin = 2l ? < lln — 2712 = [[gni — 271
+ 20, (1 — am i) Jun — 20 ]||| Bz — Bx™||
< MNni — zall(lzn — 2] + [yn,i — 2"(])
+ 200 (1 = an i) l[un — zn||||Bzn — Bx™||

Since 0 < ay,; < d; < 1, we have lim [|u,, — 2,|| = 0. Consequently,
n—oo

lzn = Tizal] < |z — Tiun|| + || Tiun — Tizn ||
< Jwn = Tiun|| + [lun — 24|

< lzn = Tiunl| + [[un — 2n|l + |20 — zal|-
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Since lim ||z, — 2zp|| = 0, lim |ju, — 2z,|| = 0 and lim ||z, — Tu,|| = 0, we
n—oo — 00 n—oo
have that lim ||z, — Tiz,|| = 0, ¢ = 1,2,... Now, by lim ||z, — z|| = 0 and
n—roo n— oo

lim ||, — Tyz,|| =0, i = 1,2,..., we have that z € (| F(T;).

1=1
We next show that z € EP. Since z, := T, (¢, — rnAzy,), n > 1, we have for
any y € K that

1

F(Zruy) + <Axn>y - zn> + T<y — Znyfn — xn> 2 O
n
Furthermore, replacing n by n; in the last inequality and using (A2), we obtain
1
<Axnj Y — Z’n]‘> + T<y — ZnjyRn; — ZL'nj) > F(yv Zn]‘)' (19)
nj

Let z; :==ty+ (1 —t)z for all ¢ € (0,1] and y € K. This implies that z; € K.
Then, by (19), we have

Zn; — Tn, >

(2t — znj,Azt> > (2 — znj,Azt> — (2 — zn].,Amnj) — <zt — Zn;, + F(zhznj)

nj
= (zt — znj,Azt — Aznj) + (2t — sz,Aznj — Axnj)

Rn; — Tn; >

7<ztfznj, +F(zt,znj).

"

Since ||zn; — zn,|| = 0, j — oo, we obtain ||Az,, — Az,,|| — 0, j — oo.
Furthermore, by the monotonicity of A, we obtain (z; — 2,,, Azs — Az,;) >0
Then, by (A4) we obtain

(2t — 2, Az) > F(24,2), j — 0. (20)
Using (A1), (A4) and (20) we also obtain
0=F(z,2t) <tF(z4,y) + (1 —t)F (2, 2)
< tF(ze,y) + (L —t)(ze — 2, Azp)
=tF(z,y) + (1 =)ty — z, Az)

and hence
0< F(zt,y)+ (1 —t)(y — 2z, Az).
Letting t — 0, we have, for each y € C,
0< F(z,y)+ (y — 2, Az). (21)
This implies that z € EP.

Following the line of arguments of Theorem 3.1, page 346-347 of [10], we can
show that z € VI(K, B). Therefore, z € (| F(T;) YEPNVI(K, B).

i=1
Noting that z,, = P¢, xo, we have by (6) that

<1‘0 _xnvy_xn> S Ou
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for all y € C},. Since F' C C},, we obtain from the above inequality that
<.’L'() —Z,y—Z> S 07

for all y € F. By (6), we conclude that z = Ppaxo. This completes the proof. O

Corollary 2. Let K be a closed convex nonempty subset of a real Hilbert space
H. Let F be a bi-function from K x K satisfying (A1) — (A4) and for each
1=1,2,..., let T; : K — K be a nonexpansive mapping. Let S be a k-strictly

pseudocontractive map of K into H. Suppose F := (| F(T;)(VEP(F)F(S) #
i=1
0. Let {zn}21, {yni}o2q (i =1,2,...) and {x,}52, be generated by zp € K,

Cii=K, Ci=Ci,
i=1

1 = Pc, g

F(vay)+%"<y_znazn_$n> >0Vye K, n>1
tun = Pr((1 = Ap)zn + AnSzp)

Ynyi = Qn iy + (1 — ) Tity, n>1

Cvz+1,i = {Z € On,i : ||yn,i - Z|| < ||$n - ZH}, n>1
oo

Cvl+1 = ﬂ Cn—i—l,i
i=1

Tg, n > 1.

Tn+1 = PCn+1
Assume that {ay,;}02, C [0,1) (i =1,2,...), {rn}r2; C (0,00) and {A\,}52; C
[0,1 — k| satisfy

liminfr, >0, 0<ec< A, < f<1—-k, 0<a,,; <d; <1.

n—oo
Then, {x,}52, converges strongly to Ppxg.

Proof. Let B :=1— .5, where S is k-strictly pseudocontractive map. Then, B is

% inverse-strongly monotone. Furthermore, putting A = 0 in Theorem 1, we

obtain the desired result. O

Corollary 3. Let K be a closed convex nonempty subset of a real Hilbert space
H. Let A be an a-inverse-strongly monotone mapping of K into H, B be an
B-inverse-strongly monotone mapping of K into H and for each i = 1,2, ..., let
T, : K — K be a nonexrpansive mapping. Suppose

F = _iﬁlF(Ti)ﬂVI(K, A)AVI(K, B) # 0. Let {zn}7%0, {yni}aza (i=1,2,...)
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and {x,}52 be generated by xo € K,

Cri=K, Cr=)C,
i=1

z1 = Pe, o

2n = Pr(xy —rpAzy), n>1

Up = PK(Zn - Anan)y n = 1

Yn,i = Qn iTn + (]- - an,i)Tiunv n > 1

Crieni = {2 € O o 21 < llea — 2}, m 21

Cn+1 - m CnJrl,i
=1

ZTo, n > 1.

Tpt+1 = P_Cn+1
Assume that {o, 152, C [0,1) (i=1,2,...), {rn}s2, C[0,2a] and
etz C [0,28] satisfy

0<a<r,<b<2a 0<c<A, <f<28,0<0q,;<d; <1
Then, {z,}2, converges strongly to Prxg.

Proof. Taking F(z,y) =0, Va,y € K in Theorem 1, we have

1
<Axn7y_zn>+7<y_zn,zn_xn> ZOVyéK, VTLZ 1.
T

n

Thus
(Y — 2ny Ty — P Ay, — 2,) <0Vy € K, Vn > 1.
This implies
Pr(xy —rnAzxy,) = 2z, Vn > 1.
Hence, the desired conclusion follows from Theorem 1. O
Corollary 4. Let K be a closed convex nonempty subset of a real Hilbert space

H. Let B be an S-inverse-strongly monotone mapping of K into H. For each
1=1,2,..., let T; : K — K be a nonexpansive mapping. Suppose

A FT)AVIE.B) # 0. Let {2}, ()i (i =1.2,..) and {z)32 be
g?anemted by zg € K,

Cii=K, Ci=)C,
i=1

T = Pclxo

U = Pg(xn, — A\pBzy,), n>1

Ynyi = O iy + (1 — ) Titin, n>1

Crt1i ={2 € Cnji t |yni — 2l| < |lzn —2[|}, n > 1
oo

Cry1 = Cniry

Tpt1 = }ZDZC}Hon, n > 1.

Assume that {oy, 152, C [0,1) (i=1,2,...) and { \,}52; C [0,25] satisfy
0<e< A, < f<28,0<a,,;<d; <1
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Then, {zn}2, converges strongly to Ppxg.

Proof. Taking F(x,y) =0, Yo,y € K, A=0and r, =1 in Theorem 1, we have
the desired conclusion from Theorem 1. O
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