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FIXED POINT AND WEAK CONVERGENCE THEOREMS FOR
NONLINEAR HYBRID MAPPINGS IN BANACH SPACES

MAYUMI HOJO AND WATARU TAKAHASHI

ABSTRACT. Let E be a real Banach space and let C' be a nonempty subset of
E. A mapping T : C — FE is called extended generalized hybrid if there are
a,B,7v,0 € Rsuch that a+8+~v+5 >0, a+ 8 >0 and

o Tz — Ty||* + Bllz — Tyl + vl Tz — y||* + dllz — yl|* <0

for all z,y € C. In this paper, we first obtain some properties for extended
generalized hybrid mappings in a Banach space. Then, we prove fixed point and
weak convergence theorems of Mann’s type for such mappings in a Banach space
satisfying Opial’s condition.

1. INTRODUCTION

Let H be a real Hilbert space and let C' be a nonempty subset of H. Then a
mapping 7' : C' — H is said to be nonexpansive if ||Tz — Ty|| < |Jz — y|| for all
x,y € C. An important example of nonexpansive mappings in a Hilbert space is a
firmly nonexpansive mapping. A mapping F' is said to be firmly nonexpansive if

|Fa - Fy|* < (z —y, Fx — Fy)

for all z,y € C; see, for instance, Browder [4] and Goebel and Kirk [8]. It is
known that a firmly nonexpansive mapping F' can be deduced from an equilibrium
problem in a Hilbert space; see, for instance, [3] and [7]. Recently, Kohsaka and
Takahashi [17], and Takahashi [23] introduced the following nonlinear mappings
which are deduced from a firmly nonexpansive mapping in a Hilbert space. A
mapping T : C' — H is called nonspreading [17] if

(1.1) 2Tz — Ty|* < ||Tx —y|* + | Ty — ||
for all z,y € C. A mapping T': C' — H is called hybrid [23] if
(1.2) 3T — Tyl|? < |lz — y|* + |Tz — yl* + | Ty — |

for all z,y € C. They proved fixed point theorems for such mappings; see also
Kohsaka and Takahashi [16], Iemoto and Takahashi [11] and Takahashi and Yao
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[25]. Motivated by these mappings and results, Kocourek, Takahashi and Yao [14]
introduced a broad class of nonlinear mappings in a Hilbert space. They called this
the class of generalized hybrid mappings; see also Aoyama, Iemoto, Kohsaka and
Takahashi [1]. Then they proved fixed point theorems and convergence theorems for
generalized hybrid mappings in a Hilbert space; see also [28] and [9]. Furthermore,
Hsu, Takahashi and Yao [10] extended this class in a Hilbert space to that of a
Banach space and they proved fixed point theorems for such mappings in a Banach
space; see also [15]. Takahashi and Yao [27] also proved weak convergence theorems
of Mann’s type [18] for such mappings in a Banach space satisfying Opial’s conditon
[19].

In this paper, we first introduce a more broad class of nonlinear mappings in a
Banach space which covers generalized hybrid mappings and then deal with some
properties for such mappings in a Banach space. Then, we prove fixed point and
weak convergence theorems for such mappings in a Banach space satisfying Opial’s
condition.

2. PRELIMINARIES

Throughout this paper, we denote by N the set of positive integers and by R the
set of real numbers. Let E be a real Banach space with norm || - || and let E* be the
topological dual space of E. We denote the value of y* € E* at = € E by (x,y*).
When {z,} is a sequence in F, we denote the strong convergence of {z,} to x € E
by x, — x and the weak convergence by z,, — x. The modulus § of convexity of E
is defined by

3(e) = inf {1 iy ; vl

for every € with 0 < € < 2. A Banach space FE is said to be uniformly convex if
d(e) > 0 for every € > 0. A uniformly convex Banach space is strictly convex and
reflexive. Let C be a nonempty subset of a Banach space E. A mapping T : C — FE
is nonexpansive if | Tz — Ty|| < ||z — y|| for all z,y € C. A mapping T': C — E is
quasi-nonexpansive if F(T) # (0 and |Tz—y|| < ||lz—y] forallz € C and y € F(T),
where F'(T') is the set of fixed points of T'. If C' is a nonempty closed convex subset
of a strictly convex Banach space £ and T : C — C' is quasi-nonexpansive, then
F(T) is closed and convex; see Itoh and Takahashi [12]. The duality mapping J
from F into 27" is defined by

Ju={2" € B : (z,a") = ||z|* = [|2"|*}
for every x € E. Let U = {z € E : ||z|| = 1}. The norm of E is said to be Gateaux
differentiable if for each x,y € U, the limit

o) ety o]
’ t—0 t

2l < 1, Iyl < L Jlz — gl > }

exists. In the case, F is called smooth. We know that F is smooth if and only if
J is a single-valued mapping of F into E*. We also know that F is reflexive if and
only if J is surjective, and FE is strictly convex if and only if J is one-to-one. For
more details, see [21, 22]. The following result is also in [21, 22].
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Theorem 2.1. Let E be a Banach space and let J be the duality mapping on E.
Then, for any x,y € E,

l2]” = llylI* > 2{x — v, ),
where j € Jy.

The following result was proved by Xu [29].

Theorem 2.2 ([29]). Let E be a uniformly convex Banach space and letr > 0. Then
there ezists a strictly increasing, continuous and convex function g : [0,00) — [0, 00)
such that g(0) =0 and

e+ (1= wyl® < pllel? + (1= wllyl* = w1 = wa(lz - yl)
forall z,y € By and p with 0 < u <1, where B, = {z € E : ||z|| < r}.

Let E be a Banach space. Then, E satisfies Opial’s condition [19] if for any {z,}
of E such that x, — x and x # v,

liminf ||z,, — z|| < liminf ||z, — y||.
n—oo n—o0

Let E be a Banach space and let A C E x E. Then, A is accretive if for
(x1,y1), (z2,y2) € A, there exists j € J(x1 — x2) such that (y1 —y2,7) > 0, where J
is the duality mapping of E. An accretive operator A C E x E is called m-accretive
if R(I +rA) = E for all » > 0, where I is the identity operator and R(I 4 rA)
is the range of I + rA. An accretive operator A C E x FE is said to satisfy the
range condition if D(A) C R(I+1rA) for all r > 0, where D(A) is the closure of the
domain D(A) of A. An m-accretive operator satisfies the range condition.

Let [*° be the Banach space of bounded sequences with supremum norm. Let

u be an element of (I°°)* (the dual space of ). Then we denote by u(f) the
value of p at f = (z1,29,23,...) € [°°. Sometimes, we denote by p,(z,) the value
w(f). A linear functional p on [*° is called a mean if u(e) = ||u|| = 1, where
e=(1,1,1,...). A mean p is called a Banach limit on [° if p,(xp4+1) = pn(xn).
We know that there exists a Banach limit on {*°. If y is a Banach limit on [°°, then
for f = (z1,22,23,...) € 1%,

liminf 2, < p,(x,) < limsup z,.

n—r00 n—00
In particular, if f = (x1,22,23,...) € [ and x, — a € R, then we have u(f) =
tn(xy) = a. See [21] for the proof of the existence of a Banach limit and its other
elementary properties.

3. EXTENSION OF GENERALIZED HYBRID MAPPINGS IN BANACH SPACES

Let E be a Banach space and let C' be a nonempty subset of £. Then, a mapping
T :C — FE is said to be firmly nonexpansive [5] if

for all z,y € C, where j € J(Tx—Ty). It is known that the resolvent of an accretive
operator satisfying the range condition in a Banach space is a firmly nonexpansive
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mapping of the closure of the domain into itself. In fact, let C' = D(A) and r > 0.
Define the resolvent J, of A as follows:

Jyx={2z€ D(A) :x € z+rAz}
for all z € D(A). It is known that such J,x is a singleton; see [21]. We have that

for z1,29 € D(A), x1 = 21 + 1y1, y1 € Az1 and x3 = 23 + 1Y2, Y2 € Azs. Since A is
accretive, we have that (y; — y2,7) > 0, where j € J(21 — 22). So, we have

(

ry —z1 T2 — 22

,j) = 0.
r r

Furthermore, we have that

T — 21 €T2 — 22 .
T r

— (1 — 21 — (2 — 22),7) >0

= (z1— T2,7) > ||21 — 22||%.

From 21 = J,x1 and z9 = J,x9, we have that .J,. is a firmly nonexpansive mapping
of C into itself; see also [5], [6] and [26]. Hsu, Takahashi and Yao [10] defined a
class of nonlinear mappings in a Banach space containing nonexpansive mappings,
nonspreading mappings and hybrid mappings as follows: Let E be a Banach space
and let C' be a nonempty subset of E. A mapping T : C — FE is called generalized
hybrid if there are a, 8 € R such that

(3.1) alTe = Tyl? + (1 = a)llz = Ty||* < BTz — y|* + (1 = Bz — y|?

for all z,y € C. They called such a mapping («, )-generalized hybrid. We note
that an (a, ()-generalized hybrid mapping is nonexpansive for &« = 1 and § = 0,
nonspreading for « = 2 and § = 1, and hybrid for a = % and = % We consider
an extension of generalized hybrid mappings in a Banach space: A mapping T :
C — FE is called extended generalized hybrid if there are a, 3,7, € R such that

a+B+v4+5>0,a+>0and

(3:2) a|Ta = Ty||* + Bllz = Ty|* + 1| Tz - y|* + 6]z — y[* <0

for all z,y € C. We call such a mapping («, 3,7, d)-extended generalized hybrid.
We have the following result.

Theorem 3.1. Let E be a Banach space, let C be a nonempty subset of E and let
A€ [0, 1] with AN+ p > 0. Then the following hold:

(i) An extended generalized hybrid mapping which has a fized point is quasi-
NONETPANSIVE;

(ii) a firmly nonexpansive mapping is (2pu—+ X, —p, — i, —A)-extended generalized
hybrid.

Proof. We show (i). Since T': C' — E is an extended generalized hybrid mapping,
there are a, 3,7,6 € R such that a +8+~v+0 >0, a+ 8 >0 and

a||Tz = Ty||” + Bllz — Ty|* + Tz —y|* + ]z — y[* < 0
for all x,y € C. Let u € F(T). Then we have that for any y € C,
(3.3) allu = Ty|* + Bllu = Tyl* +vlu = y||* + 8]lu — y[|* < 0.
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From a+ 8+~v4+ 90 >0 and a+ 5 > 0, we have that
—(v+9)
a+f
and hence ||[u — Ty|| < ||u — y||. This implies that T is quasi-nonexpansive.

We next show (ii). Let T be a firmly nonexpansive mapping of C' into E. Then
we have that for x,y € C' and j € J(Tz — Ty),

1Tz = Ty|* < (x —y, ).

lu—Tyl* < lu = yl? < [lu—y]?

From Theorem 2.1 we have that
ITe—Ty|* < (x —y,J)
—0<2(z—Tx— (y—Ty),7)
= 0 < |lz —y|* = [Tz - Ty|?
= Tz = Ty|]” < ||z —yl*
So, for A € [0, 1] we have
(3.4) N|Tz = Ty|* < M|z - yl*.
Futhermore, we have that for z,y € C and j € J(Tx — Ty),
IT2=Ty|* < (x -y, )
—=0<2(z—Tzx—(y—Ty),7)
= 0< 2z —T2,j) +2(Ty —y,j)
= 0 < |l = Ty|? = |Tx = Ty||* + | Tz — y|* — | Tz — Tyl
= 0< |z = Ty|* + |y — Ta|* - 2| Tz — Tyl
= 2|Tz — Ty|* < ||z — Ty|* + |ly — T
Thus, for o € [0, 1] we have
(3.5) 2ul|Tx — Tyl|* < plle — Tyl* + pully — T
Therefore, we have from (3.4) and (3.5) that
2p+ Tz = Ty|* < pllz = Tyl* + plly — Ta|* + Mz — yl®
and hence
2p + M Tz = Tyll* — plla = Tyl* — ully — Tzl* = Az — y[I* < 0.
Since (2u4+A)—p—p—A=0and (2u+N)—p = p+A >0, Tis (2u+X, —u, —p1, —A)-
extended generalized hybrid. O

Using Takahashi and Jeong’s result [24], Hsu, Takahashi and Yao [10] also proved
the following lemma for nonlinear mappings in a Banach space; see also [2, 13].

Lemma 3.2 ([10]). Let C be a nonempty closed convex subset of a uniformly convex
Banach space E and let T be a mapping of C into itself. Let {x,} be a bounded
sequence of E and let i be a mean on [*°. If

pnllzn = Ty|* < pnllzn — yl®
for ally € C, then T has a fixed point in C.
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Theorem 3.3. Let E be a uniformly conver Banach space and let C' be a noempty
closed convex subset of E. Let a,,7,0 € R and let T be an (o, 3,7, 9)-extended
generalized hybrid mapping from C into itself. Then the following are equivalent:

(a) F(T) #0;
(b) {T"z} is bounded for some z € C.

Furthermore, a fized point p of T' is unique in the case of a + B+~ + 9 > 0 and for
any y € C, {T™y} converges strongly to p.

Proof. Suppose that T has a fixed point z. Then {T"z} = {z}. Therefore {T"z} is
bounded.

Conversely, suppose that there exists z € C' such that {T"z} is bounded. Since T’
is an (o, 3,7, 9)-extended generalized hybrid mapping from C' into itself, we obtain
that

a| Tz = Ty|? + BTz = Tyl + ATz = y|* + 8 T"z — y|* <0
for any n € NU {0} and y € C. Applying a Banach limit p to both sides of this
inequality, we obtain that
pn (| Tz = Ty|* + BTz = Tyl + 4T 2 — y[|* + 61Tz — y[|?) <0
and hence
(o B)all Tz = Ty|2 + (3 + 8)ualI Tz — y2 < 0.
By a+p+4+~v+4+6>0and a+ >0 we obtain that
—(v+9)
a+p
< | T2 = y?

|| T2 — Ty|? < || T2 — yl|?

for all y € C. By Lemma 3.2 we obtain a fixed point p € C.
Suppose that o + 8+ +d > 0 and p; and py are fixed points of T. Then we
have that

|| Tp1=Tpa|* + Bllpr — Tp2l|* + v Tp1 — p2|l* + dllp1 — p2l®
=(a+B+y+0)p1 —pal® <0
and hence p; = p2. Therefore, a fixed point p of T is unique. For such a unique
fixed point p of T', we have that for any y € C,
a|[Tp = Ty|l* + Bllp — Ty|> + 1T — ylI* +6llp — y|* <0
and hence
(e + B)llp = Tyll” + (v + 8)llp — yl*> <0.
From a4+ 8+~ +0 >0 and a4+ 8 > 0, we have that
~(y+9)
a+

Ify=pforallye C, {T"y} converges strongly to p. If y # p for some y € C, then
—(y+9) > 0 and hence

Ip— Ty|? < Ip — ylI>.

0< —(1+9)

<1.
S Tat
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Putting \ = _(SZ:F;), we have that

1Ty —p[|* < A™[ly —plI*.
Thus {T"y} for all y € C' converges strongly to p. This completes the proof. O

Using Theorem 3.3, we can prove the following fixed point theorem.

Theorem 3.4. Let E be a uniformly convex Banach space and let C' be a nonempty
closed convex subset of E. Let T : C' — C be a generalized hybrid mapping. Then
the following are equivalent:

(a) F(T) # 0
(b) {T"z} is bounded for some z € C.

Proof. Since T : C — C is a generalized hybrid mapping, there exist a,b € R such
that

a|Tz = Ty|* + (1 - a)llz = Ty||* < 0| Tz —y|* + (1 - b) |z — y?

for all z,y € C. Froma+ (1 —a)—b—(1—5b) =0 and a+ (1 —a) = 1, we have the
desired result by using Theorem 3.3. O

Using Theorem 3.3, we can also prove the following fixed point theorems in a
Banach space.

Theorem 3.5 ([21]). Let E be a uniformly convex Banach space and let C be a
nonempty closed convex subset of E. Let T : C — C' be a nonexpansive mapping,
1.€e.,

[Tz —Ty|| < ||z —yll, Va,yeC.

Suppose that there exists an element © € C' such that {T"x} is bounded. Then, T
has a fized point in C.

Theorem 3.6 ([2]). Let E be a uniformly convexr Banach space and let C' be a
nonempty closed convex subset of E. Let T : C — C be a nonspreading mapping,
i.e.,

2|Tz — Ty|* < Tz —y|* + |Ty — z|?, Va,yeC.

Suppose that there exists an element x € C such that {T"z} is bounded. Then, T
has a fized point in C.

Theorem 3.7 ([2]). Let E be a uniformly convexr Banach space and let C' be a
nonempty closed convex subset of E. Let T : C — C be a hybrid mapping, i.e.,

3|17z — Ty|* < Tz — y* + | Ty — z]* + |« — yl*, Va,yeC.

Suppose that there exists an element x € C such that {T"x} is bounded. Then, T
has a fixed point in C.
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4. SOME PROPERTIES OF GENERALIZED HYBRID MAPPINGS

Let E be a Banach space. Let C be a nonempty subset of E. Let T : C' — C be
a mapping. Then, p € C' is called an asymptotic fixed point of T' [20] if there exists
{z,} C C such that z,, — p and lim, e ||z, — Tzp|| = 0. We denote by F(T) the
set of asymptotic fixed points of T. A mapping I — T of C into E is said to be
demiclosed on C' if F(T) = F(T).

Theorem 4.1. Let E be a Banach space satisfying Opial’s condition and let C be a
nonempty closed convex subset of E. Let o, 3,7,9 € R and let T be an («, 3,7,0)-
extended generalized hybrid mapping of C into itself which satisfies < 0 and v < 0.
Then F(T) = F(T), i.e., I — T is demiclosed.

Proof. The inclusion F(T) C F(T) is obvious. We show F(T) C F(T). Let
u € F(T) be given. Then we have a sequence {z,} of C such that z, — u and

lim,, o0 |2, — Tzp|| = 0. Since T : C — C is an extended generalized hybrid
mapping, we obtain that
(4.1) al|Txy — Tull* + Bllzn — Tul]® + || T2y — ull? + 6|z, — ul* < 0.

From 5 <0, v <0 and (4.1), we have
al[Tan — Tull® + B(lzn — Tanll + | T2n — Tull)? + 8llzn — ul|?
+ (I Tan = 2al| + [l2n - ul)?* < 0.
Then we have that
(@ + B)|Tzn — Tull® + (v + 8)llzn — ull® + (8 +7)l2n — Tanl?
+ 28| Txn — Tul|)|xn — Tanll + 2v[len — ull[|Ton — n]-

From z,, — u, we obtain that {x,} is bounded. From lim,, o |2, — Txy| = 0 we
also have that {T'z,} is bounded. Suppose T'u # u. Then we have from Opial’s
condition, a + S+ + 6 > 0 and a + 8 > 0 that

liminf ||z, — u||* < liminf |2, — Tul?
n—oo n—oo
= liminf ||z, — Tz, 4+ Tz, — Tul|?
n—,oo

= lim inf | Tz, — Tul|?
n—oo

< lim; . o2 . 2

<liminf = {=(v + O)llon —ull” = (B +llwn — Tan|

= 28| Tz — Tull[|n — Tanll = 29|20 — ull[|[Tzn — znll}

< lim inf ||z, — u|.
n—oo
This is a contradiction. Thus we have Tu = u and hence F(T) C F(T). O

Using Theorem 4.1, we can prove the following theorems in a Banach space.

Theorem 4.2. Let E be a Banach space satisfying Opial’s condition and let C' be
a nonempty closed convex subset of E. Let T : C'— C be a nonexpansive mapping,
i.€.,

|Tx —Ty|| < ||z —yl, Vz,yeC.
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Then, I — T is demiclosed on C.

Proof. 1t is clear that T"is a (1, 0, 0, -1)-extended generalized hybrid mapping of C'
into itself. Thus Theorem 4.1 implies that I — T is demiclosed on C. O

Theorem 4.3. Let E be a Banach space satisfying Opial’s condition and let C' be
a nonempty closed convex subset of E. Let T : C — C' be a nonspreading mapping,
1.€.,

2Tz — Ty|* < | Tz - y|* + Ty — 2|, Vaz,yeC.
Then, I — T is demiclosed on C.

Proof. 1t is clear that T is a (2, -1, -1, 0)-extended generalized hybrid mapping of
C into itself. Thus Theorem 4.1 implies that I — T is demiclosed on C. U

Theorem 4.4. Let E be a Banach space satisfying Opial’s condition and let C' be
a nonempty closed convex subset of . Let T : C' — C' be a hybrid mapping, i.e.,

3ITw — Tyl < Tz — |2 + | Ty — 2l + llo — g, Va,y e C.
Then, I — T is demiclosed on C.

Proof. 1t is clear that T is a (3, -1, -1, -1)-extended generalized hybrid mapping of
C' into itself. Thus Theorem 4.1 implies that I — T is demiclosed on C. O

We also have the following property of an extended generalized hybrid mapping.

Theorem 4.5. Let E be a strictly conver Banach space, let C' be a nonempty closed
convez subset of E and let T be an extended generalized hybrid mapping of C' into
itself. Then F(T) is closed and convez.

Proof. Since T : C' — C' is an extended generalized hybrid mapping with F(T') # 0,
we have from Theorem 3.1 that T is quasi-nonexpansive. From Itoh and Takahashi
[12], we have that F(T) is closed and convex. O

5. WEAK CONVERGENCE THEOREMS

In this section, we first prove a weak convergence theorem of Mann’s type [18]
for extended generalized hybrid mappings in a Banach space satisfying Opial’s con-
dition.

Theorem 5.1. Let E be a uniformly convex Banach space which satisfies Opial’s
condition and let C be a nonempty closed convex subset of E. Let o, f3,7v,6 € R
and let T be an (a, B,7,0d)-extended generalized hybrid mapping of C into itself
such that 5 < 0 and v < 0. Let {v,} be a sequence of real numbers such that
0<a<~,<b<1 for somea,b€R and define a sequence {x,} of C as follows:
r1=x € C and
Tnt1 = WnTn + (1 — )Ty, VneN.
If F(T) # 0, then {x,} converges weakly to some element z € F(T).

Proof. Since F(T') # (), we have from Theorem 3.1 that T is quasi-nonexpansive.
Using this fact, we have that for any v € F(T'), x € C and n € N,

|Tns1 —ul| = [|[yn2n + (1 = v0) T2y — ul|
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= [[yn(zn —u) + (1 = 7) (Tzp — v
< Mollzn —ull + (1 — )| Tzn — ull
< Yollzn —ull + (1 = )|z — ull

= ||lzn — ul|.

Thus limy, e || — u|| exists and {z,} is bounded. Since T is quasi-nonexpansive,
{Tz,} is also bounded. Let

r = max{sup ||z, — ul|,sup || Tz, — ul/}.
neN neN

Then, from Theorem 2.2, there exists a strictly increasing, continuous and convex
function g : [0,00) — [0, 00) such that g(0) = 0 and

Iz + (1 = wyl* < pllal® + (1= wllyl* = pt = wg(lz - yll)
for all z,y € B, and p with 0 < p < 1, where B, = {z € E : ||z]| < r}. Then we
have that for any v € F(T), x € C and n € N,

[Zns1 = ull® = [|yn@n + (1 = ¥0)T2n — ul?
= (@0 — ) + (1 = 7) (Tzp — )|
< llzn — ull® + (1= yu) |1 Tzn — ull> = a(1 = )9 (|20 — Tznl))
(1 =)z — ull* = (1 = ) g(llzn — Tpl|)
= |lzn — ull® = Y (1 = )92 — Tl

< lzn — ul®

+
< Yullzn — UH2 +

and hence
(1 =v)g(lzn — Tanll) < |z — ull® = [|zne1 — ul®.
Since lim,, oo ||, — ul|? exists, we have from 0 < a < 7, < b < 1 that
lim g(||z, — Tx,||) = 0.
n—oo

From the properties of g, we have

(5.1) |xn — Tzy|| = 0.

lim
n—oo
Since {z,} is bounded and F is reflexive, there exists a subsequence {x,,} of {z,}
such that {z,,} converges weakly to u € C. Using Theorem 4.1 and (5.1), we have
Tu = u. Let us show that the entire sequence {x, } converges weakly to some point
of F(T). To show it, let us take two subsequences {zy,} and {z,,} of {z,} such
that z,, — u and x,; — v. Suppose u # v. From u,v € F(T), we know that
limy, o0 |20, — w|| and limy, o0 ||z, — v|| exist. Since E satisfies Opial’s condition,
we have that

lim ||z, —u|| = lim ||z, —ul|
n—oo 1— 00

< lim [lz, — o
1—00

= lim ||z, — v
n—oo

= lim [z, — o]
Jj—00
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< lim ||@n; — ul|
Jj—00
= lim |z, — ul.
n—oo
This is a contradiction. So, we must have v = v. This implies that {z,} converges
weakly to a point of F/(T). O

Using Theorem 5.1, we obtain the following result.

Theorem 5.2. Let E be a uniformly convex Banach space which satisfies Opial’s
condition and let C' be a nonempty closed convex subset of E. LetT be an (o, B,7,6)-
extended generalized hybrid mapping of C into itself such that 8 < 0 and v < 0 and
let X be a real number with 0 < XA < 1. Define a mapping S : C — C by

S =X+ (1—NT.
If F(T) # 0, then for any x € C, S™x converges weakly to an element z € F(T).
Proof. Putting v, = A for all n € N and S = Al 4+ (1 — A)T, we have that for any
zeC’,
To = Sx1 = Sz, 13 = S2zy = ng, .

in Theorem 5.1. So, we have from Theorem 5.1 that S™x converges weakly to an
element z € F(T). This completes the proof. O
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