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1 Introduction

Let C be a nonempty convex subset of a real Banach space X , and let T1, T2

and T3 : C → C be given mappings. Then for a given x1 ∈ C, compute the
sequence {xn}, {yn} and {zn} by the iterative scheme

zn = anT1xn + (1 − an)xn,

yn = bnT2zn + cnT1xn + (1 − bn − cn)xn,

xn+1 = αnT3yn + βnT2zn + γnT1xn + (1 − αn − βn − γn)xn, (1.1)
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where {an}, {bn}, {cn}, {αn}, {βn}, {γn} are appropriate sequences in [0, 1].
If cn = βn = γn ≡ 0 and T1 = T2 = T3, then (1.1) reduces to the Noor

iterations :

zn = anT1xn + (1 − an)xn,

yn = bnT1zn + (1 − bn)xn,

xn+1 = αnT1yn + (1 − αn)xn, n ≥ 1, (1.2)

where {an}, {bn}, {αn} are appropriate sequences in [0, 1].
If an = bn = βn = γn ≡ 0 and T1 = T2 = T3, then (1.1) reduces to the usual

Ishikawa iterative scheme

yn = cnT1xn + (1 − cn)xn,

xn+1 = αnT1yn + (1 − αn)xn, n ≥ 1,

where {cn}, {αn} are appropriate sequences in [0, 1].
If T1 = I, the identity operator on C, and βn = 0, then (1.1) reduces to the

iterative scheme defined by Das and Debata [1] and Takahashi and Tomura [9]

yn = bnT2xn + (1 − bn)xn,

xn+1 = αnT3yn + (1 − αn)xn, n ≥ 1, (1.3)

where {bn}, {αn} are sequences in [0, 1]. Das and Debata [1] used the scheme
(1.3) to approximate common fixed points of the maps when X is stricty convex.
Takahashi and Tamura [9] prove weak convergence of the iterates {xn} defined by
(1.3) in a uniformly convex Banach space X which satisfies the Opial property or
whose norm is Fre′chet differentiable.

If T1 = I, the identity operator on C, βn = 0 and T := T2 = T3, then (1.1)
reduces to the usual Ishikawa iterative scheme:

yn = bnTxn + (1 − bn)xn,

xn+1 = αnTyn + (1 − αn)xn, n ≥ 1.

If T1 = T2 = I the identity operator on C and T := T3, then (1.1) reduces to
the usual Mann iterative scheme:

xn+1 = αnTxn + (1 − αn)xn, n ≥ 1.

If an = bn = cn ≡ 0, then (1.1) reduces to the iterative scheme

x1 ∈ C,

xn+1 = Snxn n ≥ 1, (1.4)

where Sn = αnT3 + βnT2 + γnT1 + (1 − αn − βn − γn)I.

If αn = a, βn = b and γn = c for all n ∈ N , then (1.4) reduces to the iterative
scheme defined by Liu, Lei and Li [3]

x1 ∈ C,

xn+1 = Sxn n ≥ 1, (1.5)
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where S = aT3 + bT2 + cT1 + (1 − a − b − c)I. Liu et al. [3] showed that {xn}
defined by (1.5) converges to a common fixed point of T1, T2 and T3 in Banach
space, provided that Ti(i = 1, 2, 3) satisfy condition A.

The purpose of this paper is to establish weak and strong convergence of the
iterative scheme (1.1) to a common fixed point of three nonexpansive mappings in
a uniformly convex Banach space.

Now, we recall the well-known concepts and results.
Let X be a normed space and C a nonempty subset of X. A mapping T : C → C

is said to be nonexpansive on C if ‖Tx − Ty‖ ≤ ‖x − y‖ for all x, y ∈ C.
A Banach space X is said to satisfy Opial’s condition if xn → x weakly as

n → ∞ and x 6= y imply that

lim sup
n→∞

‖xn − x‖ < lim sup
n→∞

‖xn − y‖.

In the sequel, the following lemmas are needed to prove our main results.

Lemma 1.1. ([5], Lemma 4) Let X be a uniformly convex Banach space and
Br = {x ∈ X : ‖x‖ ≤ r}, r > 0. Then there exists a continuous, strictly increasing,
and convex function g : [0,∞) → [0,∞), g(0) = 0 such that

‖αx + βy + γz + λw‖2 ≤ α‖x‖2 + β‖y‖2 + γ‖z‖2 + λ‖w‖2

−
1

3
λ(αg(‖x − w‖ + βg(‖y − w‖ + γg(‖z − q‖)),

for all x, y, z, w ∈ Br and all α, β, γ, λ ∈ [0, 1] with α + β + γ + λ = 1.

Lemma 1.2. ([4], Lemma 1.6) Let X be a uniformly convex Banach space, C a
nonempty closed convex subset of X, and T : C → C be a nonexpansive mapping.
Then I − T is demiclosed at 0, i.e., if xn → x weakly and xn − Txn → 0 strongly,
then x ∈ F (T ), where F (T ) is the set of fixed point of T.

Lemma 1.3. ([7], Lemma 2.7) Let X be a Banach space which satisfies Opial’s
condition and let {xn} be a sequence in X. Let u, v ∈ X be such that limn→∞ ‖xn−
u‖ and limn→∞ ‖xn−v‖ exist. If {xnk

} and {xmk
} are subsequences of {xn} which

converge weakly to u and v, respectively, then u = v.

2 Main results

In this section, we prove weak and strong convergence theorems of the iterative
scheme (1.1) to a common fixed point of nonexpansive mappings T1, T2 and T3.
Let F (ti), i = 1, 2, 3 denote the set of all fixed points of Ti, and let F = ∩3

i=1F (Ti).
We first prove the following lammas.

Lemma 2.1. Let X be a Banach space and C a nonempty closed and convex subset
of X. Let T1, T2 and T3 : C → C be nonexpansive self-maps and {αn}, {βn}, {γn},
{an}, {bn} and {cn} be real sequences in [0, 1] such that bn + cn and αn + βn + γn

are in [0, 1] for all n ≥ 1. For a given x1 ∈ C, let {xn}, {yn}, {zn} be sequences
defined as in (1.1). If F 6= ∅ then limn→∞ ‖xn − p‖ exists for all p ∈ F.
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Proof. Let p ∈ F . Then

‖zn − p‖ = ‖anT1xn + (1 − an)xn − p‖

≤ an‖T1xn − p‖ + (1 − an)‖xn − p‖

≤ an‖xn − p‖ + (1 − an)‖xn − p‖

≤ ‖xn − p‖ (2.1)

and

‖yn − p‖ = ‖bnT2zn + cnT1xn + (1 − bn − cn)xn − p‖

≤ bn‖T2zn − p‖ + cn‖T1xn − p‖ + (1 − bn − cn)‖xn − p‖

≤ bn‖zn − p‖ + cn‖xn − p‖ + (1 − bn − cn)‖xn − p‖

≤ ‖xn − p‖. (2.2)

From (2.1) and (2.2), we have

‖xn+1 − p‖ = ‖αnT3yn + βnT2zn + γnT1xn + (1 − αn − βn − γn)xn − p‖

≤ αn‖T3yn − p‖ + βn‖T2zn − p‖ + γn‖T1xn − p‖

+(1 − αn − βn − γn)‖xn − p‖

≤ αn‖yn − p‖ + βn‖zn − p‖ + γn‖xn − p‖

+(1 − αn − βn − γn)‖xn − p‖

≤ ‖xn − p‖. (2.3)

Thus the sequence {‖xn − p‖} is bounded and decreasing which implies that
limn→∞ ‖xn − p‖ exists.

The next lemma is crucial for proving the main theorems.

Lemma 2.2. Let X be a uniformly convex Banach space, and C a nonempty
closed and convex subset of X. Let T1, T2 and T3 : C → C be nonexpansive self-
maps with F 6= ∅ and {αn}, {βn}, {γn}, {an}, {bn} and {cn} be real sequences in
[0, 1] such that bn + cn and αn + βn + γn are in [0, 1] for all n ≥ 1. For a given
x1 ∈ C, let {xn}, {yn}, {zn} be sequences defined as in (1.1).

(i) If 0 < lim infn→∞ αn, 0 < lim infn→∞ bn and
0 < lim infn→∞ an ≤ lim sup

n→∞ an < 1, then limn→∞ ‖T1xn − xn‖ = 0.

(ii) If 0 < lim infn→∞ cn ≤ lim sup
n→∞(bn + cn) < 1 and

0 < lim infn→∞ αn, then limn→∞ ‖T1xn − xn‖ = 0.

(iii) If 0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1 and

0 < lim infn→∞ βn, then limn→∞ ‖T1xn − xn‖ = 0.

(iv) If 0 < lim infn→∞ γn ≤ lim sup
n→∞(αn + βn + γn) < 1,

then limn→∞ ‖T1xn − xn‖ = 0.
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(v) If 0 < lim infn→∞ bn ≤ lim sup
n→∞(bn + cn) < 1 and

0 < lim infn→∞ αn, then limn→∞ ‖T2zn − xn‖ = 0.

(vi) If 0 < lim infn→∞ βn ≤ lim sup
n→∞(αn + βn + γn) < 1,

then limn→∞ ‖T2zn − xn‖ = 0.

(vii) If 0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

then limn→∞ ‖T3yn − xn‖ = 0.

Proof. Let p ∈ F . By Lemma 2.1, sup
n≥1 ‖xn − p‖ exists. Choose a number

r > 0 and r > sup
n≥1 ‖xn − p‖, then by (2.1), (2.2), (2.3) we have that all

sequences {zn − p}, {yn − p}, {xn − p}, {T1xn − p}, {T2zn − p}, {T3yn − p} belong
to Br and by Lemma 1.1 there is a continuous strictly increasing convex function
g : [0,∞) → [0,∞), g(0) = 0, such that

‖αx + βy + γz + λw‖2 ≤ α‖x‖2 + β‖y‖2 + γ‖z‖2 + λ‖w‖2 −
1

3
αλg(‖x − w‖)

−
1

3
βλg(‖y − w‖) −

1

3
γλg(‖z − w‖) (2.4)

for all x, y, z, w ∈ Br and all α, β, γ, λ ∈ [0, 1] with α + β + γ + λ = 1.

From (1.1) and (2.4) we have

‖zn − p‖2 = ‖an(T1xn − p) + 0(0) + 0(0) + (1 − an)(xn − p)‖2

≤ an‖T1xn − p‖2 + (1 − an)‖xn − p‖2

−
1

3
an(1 − an)g(‖T1xn − xn‖)

≤ an‖xn − p‖2 + (1 − an)‖xn − p‖2

−
1

3
an(1 − an)g(‖T1xn − xn‖)

= ‖xn − p‖2 −
1

3
an(1 − an)g(‖T1xn − xn‖), (2.5)

and

‖yn − p‖2 = ‖bn(T2zn − p) + cn(T1xn − p) + 0(0) + (1 − bn − cn)(xn − p)‖2

≤ bn‖T2zn − p‖2 + cn‖T1xn − p‖2 + (1 − bn − cn)‖xn − p‖2

−
1

3
(1 − bn − cn)[bng(‖T2zn − xn‖) + cng(‖T1xn − xn‖)]

≤ bn‖zn − p‖2 + cn‖xn − p‖2 + (1 − bn − cn)‖xn − p‖2

−
1

3
(1 − bn − cn)[bng(‖T2zn − xn‖) + cng(‖T1xn − xn‖)]

≤ bn‖xn − p‖2 −
1

3
bnan(1 − an)g(‖T1xn − xn‖)

+cn‖xn − p‖2 + (1 − bn − cn)‖xn − p‖2

−
1

3
(1 − bn − cn)[bng(‖T2zn − xn‖) + cng(‖T1xn − xn‖)]
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= ‖xn − p‖2 −
1

3
bnan(1 − an)g(‖T1xn − xn‖)

−
1

3
(1 − bn − cn)[bng(‖T2zn − xn‖) + cng(‖T1xn − xn‖)]. (2.6)

By (1.1), (2.4), (2.5) and (2.6), we also have

‖xn+1 − p‖2 = ‖αn(T3yn − p) + βn(T2zn − p) + γn(T1xn − p) +

(1 − αn − βn − γn)(xn − p)‖2

≤ αn‖T3yn − p‖2 + βn‖T2zn − p‖2 + γn‖T1xn − p‖2

+(1 − αn − βn − γn)‖(xn − p)‖2

−
1

3
(1 − αn − βn − γn)[αng(‖T3yn − xn‖) + βng(‖T2zn − xn‖)

+γng(‖T1xn − xn‖)]

≤ αn‖yn − p‖2 + βn‖zn − p‖2 + γn‖xn − p‖2

+(1 − αn − βn − γn)‖(xn − p)‖2

−
1

3
(1 − αn − βn − γn)[αng(‖T3yn − xn‖) + βng(‖T2zn − xn‖)

+γng(‖T1xn − xn‖)]

≤ αn‖xn − p‖2 −
1

3
αnbnan(1 − an)g(‖T1xn − xn‖)

−
1

3
αn(1 − bn − cn)[bng(‖T2zn − xn‖) + cng(‖T1xn − xn‖)]

+βn‖xn − p‖2 −
1

3
βnan(1 − an)g(‖T1xn − xn‖) + γn‖xn − p‖2

+(1 − αn − βn − γn)‖(xn − p)‖2

−
1

3
(1 − αn − βn − γn)[αng(‖T3yn − xn‖) + βng(‖T2zn − xn‖)

+γng(‖T1xn − xn‖)]

= ‖xn − p‖2 −
1

3
αnbnan(1 − an)g(‖T1xn − xn‖)

−
1

3
αn(1 − bn − cn)[bng(‖T2zn − xn‖) + cng(‖T1xn − xn‖)]

−
1

3
βnan(1 − an)g(‖T1xn − xn‖)

−
1

3
(1 − αn − βn − γn)[αng(‖T3yn − xn‖) + βng(‖T2zn − xn‖)

+γng(‖T1xn − xn‖)]. (2.7)

Thus

αnbnan(1 − an)g(‖T1xn − xn‖) ≤ 3[‖xn − p‖2 − ‖xn+1 − p‖2]. (2.8)
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(i) If 0 < lim infn→∞ αn, 0 < lim infn→∞ bn and 0 < lim infn→∞ an ≤
lim sup

n→∞ an < 1, then there exist positive integer n0 and reals η1, η2, η3, η4 ∈
(0, 1) such that 0 < η1 ≤ αn, 0 < η2 ≤ bn, 0 < η3 ≤ an < η4 < 1 for all n ≥ n0.

It follows from (2.8) that

η1η2η3(1 − η4)g(‖T1xn − xn‖) ≤ 3[|xn − p‖2 − ‖xn+1 − p‖2] for all n ≥ n0.

This implies by Lemma 2.1 that lim
n→∞

g(‖T1xn − xn‖) = 0. Since g is strictly

increasing and continuous at 0 with g(0) = 0, it follows that lim
n→∞

‖T1xn−xn‖ = 0.

By using (2.7) and Lemma 2.1 with the same method as in (i), then (ii)-(vii)
are directly obtained, respectively.

Lemma 2.3. Let X be a uniformly convex Banach space, and C a nonempty
closed and convex subset of X. Let T1, T2 and T3 : C → C be nonexpansive self-
maps of C with F 6= ∅. Let {αn}, {βn}, {γn}, {an}, {bn} and {cn} be real sequences
in [0, 1] such that bn + cn and αn + βn + γn are in [0, 1] for all n ≥ 1. For a given
x1 ∈ C, let {xn}, {yn}, {zn} be the sequences defined by the iterative scheme (1.1)
if

(i) 0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ bn ≤ lim sup
n→∞(bn + cn) < 1 and

0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1, or

(ii) 0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < min{lim infn→∞ bn, lim infn→∞ cn} ≤ lim sup
n→∞(bn + cn) < 1, or

(iii) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ bn ≤ lim sup
n→∞(bn + cn) < 1 and

0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1, or

(iv) 0 < min{lim infn→∞ αn, lim infn→∞ γn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ bn ≤ lim sup
n→∞(bn + cn) < 1 or

(v) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1, and

0 < lim infn→∞ bn, or

(vi) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ cn ≤ lim sup
n→∞(bn + cn) < 1, or

(vii) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1, or

(viii) 0 < min{lim infn→∞ αn, lim infn→∞ βn, lim infn→∞ γn}
≤ lim sup

n→∞(αn + βn + γn) < 1,

then lim
n→∞

‖T1xn − xn‖ = lim
n→∞

‖T2xn − xn‖ = lim
n→∞

‖T3xn − xn‖ = 0.
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Proof. (i) By Lemma 2.2, we have

lim
n→∞

‖T1xn − xn‖ = 0, lim
n→∞

‖T2zn − xn‖ = 0, lim
n→∞

‖T3yn − xn‖ = 0.

It follows that

‖T2xn − xn‖ ≤ ‖T2xn − T2zn‖ + ‖T2zn − xn‖

≤ ‖zn − xn‖ + ‖T2zn − xn‖

= ‖anT1xn + (1 − an)xn − xn‖ + ‖T2zn − xn‖

≤ an‖T1xn − xn‖ + ‖T2zn − xn‖

≤ ‖T1xn − xn‖ + ‖T2zn − xn‖ → 0 as n → ∞, and

‖T3xn − xn‖ ≤ ‖T3xn − T3yn‖ + ‖T3yn − xn‖

≤ ‖xn − yn‖ + ‖T3yn − xn‖

= ‖bnT2zn + cnT1xn + (1 − bn − cn)xn − xn‖ + ‖T3yn − xn‖

≤ bn‖T2zn − xn‖ + cn‖T1xn − xn‖ + ‖T3yn − xn‖

≤ ‖T2zn − xn‖ + ‖T1xn − xn‖ + ‖T3yn − xn‖ → 0 as n → ∞.

By using the same proof as in (i), (ii)- (viii) are obtained.

Theorem 2.4. Let X be a uniformly convex Banach space, and C a nonempty
closed and convex subset of X. Let T1, T2 and T3 : C → C be nonexpansive self-
maps of C with F 6= ∅. Let {αn}, {βn}, {γn}, {an}, {bn} and {cn} be real sequences
in [0, 1] such that bn + cn and αn + βn + γn are in [0, 1] for all n ≥ 1. For a given
x1 ∈ C, let {xn}, {yn}, {zn} be the sequences defined by the iterative scheme (1.1)
if

(i) 0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ bn ≤ lim infn→∞(bn + cn) < 1 and
0 < lim infn→∞ an ≤ lim sup

n→∞ an < 1, or

(ii) 0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < min{lim infn→∞ bn, lim infn→∞ cn} ≤ lim infn→∞(bn + cn) < 1, or

(iii) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ bn ≤ lim infn→∞(bn + cn) < 1 and
0 < lim infn→∞ an ≤ lim sup

n→∞ an < 1, or

(iv) 0 < min{lim infn→∞ αn, lim infn→∞ γn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ bn ≤ lim infn→∞(bn + cn) < 1 or

(v) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1, and

0 < lim infn→∞ bn, or

(vi) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < infn→∞ cn ≤ lim infn→∞(bn + cn) < 1, or
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(vii) 0 < min{lim infn→∞ αn, lim infn→∞ βn} ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1, or

(viii) 0 < min{lim infn→∞ αn, lim infn→∞ βn, lim infn→∞ γn}
≤ lim sup

n→∞(αn + βn + γn) < 1,

and one of T1, T2 and T3 is completely continuous, then {xn}, {yn} and {zn} con-
verge strongly to a common fixed point of T1, T2 and T3.

Proof. (i) By lemma 2.3, we have

lim
n→∞

‖T1xn − xn‖ = lim
n→∞

‖T2xn − xn‖ = lim
n→∞

‖T3xn − xn‖ = 0. (2.9)

Suppose without loss of generality that T1 is completely continuous. Since {xn} is
bounded, there exists a subsequence {xnk

} of {xn} such that {T1xnk
} converges.

Therefore from (2.9), {xnk
} converges. Let lim

n→∞
xnk

= q. By continuity of T1 and

(2.9) we have that T1q = q, so q is a fixed point of T1. Since T2, T3 are continuous
and lim

n→∞
‖T2xn − xn‖ = lim

n→∞
‖T3xn − xn‖ = 0, we obtain that q ∈ F (T2), q ∈

F (T3), so q ∈ F. By Lemma 2.1, lim
n→∞

‖xn − q‖ exists. But lim
n→∞

xnk
= q, so

lim
n→∞

xn = q. Since

‖yn − xn‖ ≤ bn‖T2zn − xn‖ + cn‖T1xn − xn‖ → 0

and

‖zn − xn‖ = an‖T1xn − xn‖ → 0 as n → ∞,

it follows that lim
n→∞

yn = q and lim
n→∞

zn = q

The proof of (ii)-(viii) is similar to that of (i).

For cn = βn = γn = 0 for all n ∈ N , the following result are obtained directly
from Theorem 2.4.

Corollary 2.5. Let X be a uniformly convex Banach space, and C a nonempty
closed and convex subset of X. Let T1, T2 and T3 : C → C be nonexpansive self-
maps of C with F 6= ∅. Let {an}, {αn} and {βn} be real sequences in [0, 1]. For
a given x1 ∈ C, let {xn}, {yn}, and {zn} be the sequences defined by the iterative
scheme (1.2). If

0 < lim inf
n→∞

an ≤ lim sup
n→∞

an < 1,

0 < lim inf
n→∞

bn ≤ lim sup
n→∞

bn < 1,

0 < lim inf
n→∞

αn ≤ lim sup
n→∞

αn < 1,

and one of T1, T2 and T3 is completely continuous, then {xn}, {yn} and {zn} con-
verge strongly to a common fixed point of T1, T2 and T3.
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In the next result, we prove weak convergence for the iterative scheme (1.1)
for three nonexpansive mappings in a uniformly convex Banach space satisfying
Opial’s condition.

Theorem 2.6. Let X be a uniformly convex Banach space which satisfies Opial’s
condition, and C a nonempty closed and convex subset of X. Let T1, T2 and T3 :
C → C be nonexpansive self-maps of C with F 6= ∅. Let {αn}, {βn}, {γn}, {an}, {bn}
and {cn} be real sequences in [0, 1] such that bn + cn and αn +βn + γn are in [0, 1]
for all n ≥ 1. For a given x1 ∈ C, let {xn}, {yn}, {zn} be sequences defined by the
iterative scheme (1.1)

(i) If 0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

0 < lim infn→∞ βn ≤ lim sup
n→∞(αn + βn + γn) < 1, and

0 < lim infn→∞ γn ≤ lim sup
n→∞(αn + βn + γn) < 1,

then {xn}, {yn} and {zn} converge weakly to a common fixed point of T1, T2

and T3.

(ii) If 0 < lim infn→∞ an ≤ lim sup
n→∞ an < 1,

0 < lim infn→∞ bn ≤ lim sup
n→∞(bn + cn) < 1, and

0 < lim infn→∞ αn ≤ lim sup
n→∞(αn + βn + γn) < 1,

then {xn}, {yn} and {zn} converge weakly to a common fixed point of T1, T2

and T3.

Proof. (i) If follows from Lemma 2.3 that

lim
n→∞

‖T1xn − xn‖ = lim
n→∞

‖T2xn − xn‖ = lim
n→∞

‖T3xn − xn‖ = 0.

Since X is uniformly convex and {xn} is bounded, we may assume that xn → u

weakly as n → ∞, without loss of generality. By Lemma 1.4, we have u ∈ F .
Suppose that subsequences {xnk

} and {xmk
} of {xn} converge weakly to u and v,

respectively. From Lemma 1.2, u, v ∈ F . By Lemma 2.1, limn→∞‖xn − u‖ and
limn→∞ ‖xn − v‖ exist. It follows from Lemma 1.3 that u = v. Therefor {xn}
converge weakly to a common fixed point of T1, T2 and T3.

(ii) The proof of (ii) is similar to that of (i).
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