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A VISCOSITY METHOD WITH INERTIAL EFFECTS FOR SPLIT COMMON
FIXED POINT PROBLEMS OF DEMICONTRACTIVE MAPPINGS

JINGFANG XIAO, YAQIN WANG∗

Department of Mathematics, Shaoxing University, Shaoxing 312000, China

Abstract. In this paper, we first propose a new algorithm for the split common fixed point problems
of demicontractive mappings based on viscosity methods and inertial effects in Hilbert spaces. The
algorithm is constructed in such a way that its step sizes are not related to the norm of a bounded linear
operator. Then, we prove some strong convergence theorems under some suitable conditions. Finally, we
provide a numerical example to show the effectiveness of our proposed algorithm. Our results generalize
and improve some known results announced recently.
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1. INTRODUCTION

Let H1 and H2 be real Hilbert spaces with inner product 〈·, ·〉 and norm ‖ · ‖. Let U : H1→
H1 and V : H2→H2 be nonlinear mappings. Fix(U) and Fix(V ) denote the fixed points sets
of U and V , respectively, and N+ denotes all positive integer set in this paper.

In 2009, Censor and Segal [5] first introduced the split common fixed points problem (SCFP)
as follows:

find x ∈ Fix (U) such that Ax ∈ Fix(V ), (1.1)

where A : H1 →H2 is a bounded linear operator, and U : H1 →H1 and V : H2 →H2 are
nonlinear mappings.

There are a number of real problems, such as intensity-modulated radiation therapy, image
reconstruction, modeling inverse problems, and electron microscopy. In studying these prob-
lems, the SCFP plays a significant role. Therefore, many authors studied it and proposed some
effective iterative algorithms; see, e.g., [12, 15, 16, 24, 27] and the references therein.

∗Corresponding author.
E-mail address: wangyaqin0579@126.com (Y. Wang).
Received December 31, 2021; Accepted April 4, 2022.

c©2022 Journal of Nonlinear Functional Analysis

1



2 J. XIAO, Y. WANG

In order to further study the solution of the SCFP (1.1), Censor and Segal [5] introduced the
following fixed point equation

p =U(p− τA∗(I−V )Ap), τ > 0,

and p is a solution to the SCFP (1.1). They proposed the following iterative algorithm. For any
initial point x1 ∈H1, define {xn} recursively by

xn+1 =U(xn− γA∗(I−V )Axn), (1.2)

where U and V are directed operators, A : H1 → H2 is a bounded linear operator with its
adjoint operator A∗, and γ ∈ (0, 2/‖A‖2). They showed that the sequence generated by (1.2) is
weakly convergent to a solution of the SCFP (1.1). Later, Moudafi [11] extended their results
to demicontractive mappings. Following Moudafi’s work, many scholars considered the SCFP
(1.1) under various mappings; see, e.g., [7, 8, 17, 18, 21] and the references therein.

Note that, in algorithm (1.2), the step size depends on the operator norm ‖ A ‖. However,
computing the norm of the operator ‖ A ‖ is usually complex. In order to overcome such dif-
ficulty, one popular method is to construct variable step sizes. In 2018, Wang and Xu [22]
suggested the following variable step size

τn =
ρn

‖ xn−Uxn +A∗(I−V )Axn ‖
, (1.3)

where U and V are two nonexpansive mappings, and {ρn} ⊂ (0, +∞) is a sequence of real
numbers satisfying

∞

∑
k=0

ρk = ∞ and
∞

∑
k=0

ρ
2
k < ∞. (1.4)

They introduced the following iterative algorithm:

xn+1 = αnu+(1−αn)[xn− τn(xn−Uxn +A∗(I−V )Axn)], (1.5)

where the step size τn is chosen as (1.3) with {ρn} satisfying (1.4). They obtained a strong
convergence result for the algorithm (1.5) under suitable conditions.

Recently, based on viscosity approximation methods, Wang et al. [23] proposed the following
iterative scheme for more general demicontractive mappings U and V :

xn+1 = βn f (xn)+(1−βn)[xn− τn(xn−Uxn +A∗(I−V )Axn)], (1.6)

where f is a contractive mapping, and the step size τn is chosen as (1.3). They proved that the
iterative sequence {xn} defined by (1.6) is strongly convergent to p = PΩ ◦ f (p).

On the other hand, the fast convergence of algorithms play a significant role in many practical
applications. In 1964, Polyak [14] first proposed an inertial type extrapolation as an acceleration
process. In recent years, many authors constructed various fast iterative algorithms by inertial
extrapolation techniques, and proved that the inertial techniques play an important role in ac-
celerating the convergence of original algorithms; see, e.g, [1, 2, 4, 6, 19] and the references
therein.

Recently, Suparatulatorn et al. [20] suggested an accelerated algorithm for the SCFP (1.1)
by combining viscosity approximation methods and inertial effects. Let f : H1 →H1 be a
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contraction, and let x0, x1 ∈H1 be arbitrary initial points. Their iterative sequence is as follows

xn+1 = αn f (xn +θn(xn− xn−1))+(1−αn)[xn +θn(xn− xn−1)

−ρn(xn +θn(xn− xn−1)

−U(xn +θn(xn− xn−1))+A∗(I−V )A(xn +θn(xn− xn−1)))], n ∈ N, (1.7)

where U : H1 →H1 and V : H2 →H2 are demicontractive mappings, and A : H1 →H2 is
a bounded linear operator with its adjoint operator A∗. They proved that the sequence {xn}
generated by (1.7) converges strongly to z = PΩ ◦ f (z) provided.

Inspired by the above works, based on variable step size (1.3), we construct a new algo-
rithm by combing viscosity approximation methods and inertial effects for the SCFP (1.1) of
demicontractive mappings. We prove that the sequence defined by our proposed algorithm con-
verges to a solution to problem (1.1). Finally, we provide a numerical example to show the
effectiveness of our proposed algorithm.

2. PRELIMINARIES

Let H be a real Hilbert space, and let C be a nonempty, closed, and convex subset of H .
{xn} ⊂H and x ∈H ,xn→ x (xn ⇀ x) denote the strong (weak) convergence of {xn}. Fix(V )
denotes the fixed points set of the mapping V .

For x ∈H , define the metric projection PCx from H onto C by PCx := argmin
y∈C
‖x− y‖2. It is

well known that PC can be characterized by the following inequality: for x ∈H ,

〈x−PCx, y−PCx〉 ≤ 0, ∀y ∈C.

The following equality is trivial. 2〈x, y〉= ‖x‖2 +‖y‖2−‖x− y‖2.

Definition 2.1. A mapping V : C→C is said to be
(1) contraction if there exists k ∈ (0,1) such that ‖V x−V y‖ ≤ k‖x− y‖, ∀x,y ∈C;
(2) nonexpansive if ‖V x−V y‖ ≤ ‖x− y‖, ∀x,y ∈C;
(3) quasi-nonexpansive if Fix(V ) 6= /0 and ‖V x−V x∗‖ ≤ ‖x− x∗‖, ∀x ∈C,x∗ ∈ Fix(V );
(4) directed if Fix (V ) 6= /0 and ‖V x− x∗‖2 ≤ ‖x− x∗‖2−‖x−V x‖2, ∀x ∈C,x∗ ∈ Fix(V );
(5) k-demicontractive if there exists a constant k ∈ [0,1) such that

‖V x− x∗‖2 ≤ ‖x− x∗‖2 + k‖x−V x‖2, ∀x ∈C,x∗ ∈ Fix(V );

or equivalently,

〈x−V x, x− x∗〉 ≥ 1− k
2
‖x−V x‖2, ∀x ∈C,x∗ ∈ Fix(V ). (2.1)

Definition 2.2. [20] Let V : C→H be an operator. V is said to be demiclosed at y ∈H if
V xn→ y implies V x = y for any sequence {xn} in C with xn ⇀ x ∈C.

Remark 2.3. Let H = l2 and V : l2→ l2 be defined by V x =−kx for ∀ x ∈ l2, where k > 1 (see
[25, Example 2.5]). Then V is k−1

k+1 -demicontractive but not quasi-nonexpansive. However, I−V
is demiclosed at 0. In fact, by assuming that {xn} is any sequence in l2 such that xn ⇀ x ∈ l2
and ‖ xn−V xn ‖→ 0, we can obtain x = 0 ∈ Fix(V ).

Let us now state some important facts, which will be used to prove our main results later.
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Lemma 2.4. [9, 26] Let {an} and {cn} be nonnegative real number sequences such that

an+1 ≤ (1−δn) an +bn + cn, n ∈ N,

where {δn} is a real sequence in (0,1) and {bn} is a real sequence. Assume ∑
∞
n=1 cn < ∞. Then

the following results hold:
(i) If bn ≤ δnM for some M ≥ 0, then {an} is a bounded sequence.
(ii) If ∑

∞
n=1 δn = ∞ and limsup

n→∞

bn
δn
≤ 0, then lim

n→∞
an = 0.

Lemma 2.5. [10] Assume that C is a closed and convex subset of a Hilbert space H . Let
V be a self-mapping of C. If V is τ-demicontractive (which is also said to be τ-quasi-strict
pseudo-contractive in the work of [10]), then Fix(V ) is closed and convex.

Lemma 2.6. [13] (The Demiclosedness Principle of Nonexpansive Mappings). If V : H →H
is a nonexpansive mapping, then I−V is demiclosed at 0.

3. MAIN RESULTS

Let us assume that the following conditions hold:
(A1) H1 and H2 are two real Hilbert spaces, and f : H1→H1 is a contraction with constant

α ∈ (0, 1√
2
);

(A2) U : H1→H1 and V : H2→H2 are demicontractive mappings with coefficients β ∈
[0,1) and µ ∈ [0,1), respectively, and both I−U and I−V are demiclosed at zero, where I is
the identity operator;

(A3) A : H1→H2 is a bounded linear operator with its adjoint operator A∗;
(A4) The problem (1.1) is consistent, i.e., its solution set Ω is nonempty.
Now, we construct the following inertial algorithm by using the viscosity approximation

method and inertial effects.

Algorithm 3.1. Initialization: Let x0, x1 ∈H1 be arbitrary initial points. xn+1 is computed
recursively via

Step 1: ωn = xn +θn(xn− xn−1).
Step 2: If ‖ωn−U(ωn)+A∗(I−V )Aωn‖= 0, then stop; else, go to Step 3.
Step 3:

yn = ωn−U(ωn)+A∗(I−V )Aωn,

xn+1 = βn f (ωn)+(1−βn)[ωn− τnyn],

τn =
ρn

‖ωn−U(ωn)+A∗(I−V )Aωn‖
,

with θn ∈ [0, θ ]⊂ [0, 1) and βn ∈ (0, 1), n ∈ N+.

Theorem 3.2. Suppose both (A1)∼ (A4) and the following conditions hold:
(C1) lim

n→∞

βn
ρn

= 0;

(C2) lim
n→∞

θn
βn
‖xn− xn−1‖= 0;

(C3) lim
n→∞

βn = 0,
∞

∑
n=1

βn = ∞;

(C4) ∑
∞
n=1 ρ2

n < ∞.
Then the sequence {xn} generated by Algorithm 3.1 converges strongly to x∗ = PΩ ◦ f (x∗).
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Proof. From Lemma 2.5, we find that Fix(U) and Fix(V ) are both closed convex sets. Since A
is a bounded linear operator, that A−1(Fix(V )) is closed convex. Thus, PΩ is well defined. It
is easy to know that PΩ ◦ f : H1→H1 is a contraction. From the Banach fixed point theorem,
there exists a unique element x∗ ∈H1, satisfying x∗ = PΩ ◦ f (x∗) ∈Ω. Choose

τ =
min{1−β ,1−µ}
4max{1,‖ A ‖2}

.

By (2.1) and Algorithm 3.1, we have

〈yn, ωn− x∗〉 = 〈ωn−Uωn, ωn− x∗〉+ 〈A∗(I−V )Aωn, ωn− x∗〉
= 〈ωn−Uωn, ωn− x∗〉+ 〈(I−V )Aωn, Aωn−Ax∗〉

≥ 1−β

2
‖ωn−Uωn‖2 +

1−µ

2
‖(I−V )Aωn‖2

≥ 1−β

2
‖ωn−Uωn‖2 +

1−µ

2‖A‖2‖A
∗(I−V )Aωn‖2

≥ 2τ(‖ωn−Uωn‖2 +‖A∗(I−V )Aωn‖2)

≥ τ(‖ωn−Uωn‖+‖A∗(I−V )Aωn‖)2

≥ τ‖yn‖2, (3.1)

It follows from (3.1) and τn ‖yn‖= ρn that

‖ωn− τnyn− x∗‖2 = ‖ωn− x∗‖2−2τn 〈yn, ωn− x∗〉+ τn
2‖yn‖2

≤ ‖ωn− x∗‖2−2τnτ‖yn‖2 + τ
2
n‖yn‖2

= ‖ωn− x∗‖2−2τρn ‖yn‖+ρ
2
n (3.2)

≤ ‖ωn− x∗‖2 +ρ
2
n . (3.3)

From Algorithm 3.1 and (3.3), we obtain

‖xn+1− x∗‖2 = ‖βn( f (ωn)− x∗)+(1−βn)[(ωn− τnyn)− x∗]‖2

≤ βn ‖ f (ωn)− x∗‖2+(1−βn)‖ωn− τnyn− x∗‖2

≤ 2βn[α
2 ‖ωn− x∗‖2 +‖ f (x∗)− x∗‖2]+ (1−βn)(‖ωn− x∗‖2 +ρ

2
n )

≤ (1−βn(1−2α
2))‖ωn− x∗‖2 +2βn ‖ f (x∗)− x∗‖2 +ρn

2

≤ 2(1−βn(1−2α
2))‖xn− x∗‖2 +2βn ‖ f (x∗)− x∗‖2

+2θ
2
n (1−βn(1−2α

2))‖xn− xn−1‖2 +ρn
2

= 2(1−βn(1−2α
2))‖xn− x∗‖2 +2βn(1−2α

2)εn +ρn
2,

where

εn :=
(1−βn(1−2α2))

1−2α2
θ 2

n
βn
‖xn− xn−1‖2 +

‖ f (x∗)− x∗‖2

1−2α2
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for all n ∈ N+. By our assumptions (C2) and (C3), we see that lim
n→∞

εn =
‖ f (x∗)−x∗‖2

1−2α2 implies that

the sequence {εn} is bounded. Letting M∗ := sup
n∈N+

{εn}, for n≥ n0, we have

‖xn+1− x∗‖2 ≤ 2[(1−βn(1−2α
2))‖xn− x∗‖2 +βn(1−2α

2)M∗]+ρn
2

≤ 2max{‖xn− x∗‖2 , M∗}+ρ
2
n .

It follows that

‖xn+1− x∗‖2 ≤ 2max{M∗, ‖x1− x∗‖2 , ‖x2− x∗‖2 , ... ‖xn0−1− x∗‖2 , ‖xn0− x∗‖2}

+
n

∑
i=n0

ρ
2
i .

Hence, by the above inequality and (C4), we assert that {xn− x∗} is bounded. This follows that
{xn} is bounded. Moreover, by (C2) and (C3), we have

lim
n→∞
‖ωn− xn‖= lim

n→∞
θn ‖xn− xn−1‖= 0.

So, {ωn} is bounded.
Our next goal is to create an environment where Lemma 2.4 can be applied. To do so, let us

define an := ‖xn− x∗‖2 for n ∈ N+ and set R := sup
n∈N+

‖xn− x∗‖. By Algorithm 3.1 and (3.2), we

have that

an+1 = 〈xn+1− x∗, xn+1− x∗〉
= βn 〈 f (ωn)− f (x∗), xn+1− x∗〉+βn 〈 f (x∗)− x∗, xn+1− x∗〉

+(1−βn)〈ωn− τnyn− x∗, xn+1− x∗〉
≤ βnα ‖ωn− x∗‖‖xn+1− x∗‖+βn 〈 f (x∗)− x∗, xn+1− x∗〉

+(1−βn)‖ωn− τnyn− x∗‖‖xn+1− x∗‖

≤ 1
2

βnα(‖ωn− x∗‖2 +an+1)+βn 〈 f (x∗)− x∗, xn+1− x∗〉

+
1
2
(1−βn)(‖ωn− τnyn− x∗‖2 +an+1)

≤ 1
2

βnα(‖ωn− x∗‖2 +an+1)+βn 〈 f (x∗)− x∗, xn+1− x∗〉

+
1
2
(1−βn)(‖ωn− x∗‖2−2τρn ‖yn‖+ρ

2
n +an+1)

=
1
2
(1−βn(1−α))(‖ωn− x∗‖2 +an+1)+βn 〈 f (x∗)− x∗, xn+1− x∗〉

−(1−βn)τρn ‖yn‖+
1
2
(1−βn)ρ

2
n ,
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which gives

an+1 ≤
1−βn(1−α)

1+βn(1−α)
‖ωn− x∗‖2 +

2βn

1+βn(1−α)
〈 f (x∗)− x∗, xn+1− x∗〉

− 2
1+βn(1−α)

(1−βn)τρn ‖yn‖+
1

1+βn(1−α)
ρ

2
n

≤ (1− 2βn(1−α)

1+βn(1−α)
)(an +2Rθn ‖xn− xn−1‖+θ

2
n ‖xn− xn−1‖2)

+
2βn

1+βn(1−α)
〈 f (x∗)− x∗, xn+1− x∗〉

− 2
1+βn(1−α)

(1−βn)τρn ‖yn‖+
1

1+βn(1−α)
ρ

2
n .

Define

bn : = 2Rθn ‖xn− xn−1‖+θ
2
n ‖xn− xn−1‖2 +

2βn

1+βn(1−α)
〈 f (x∗)− x∗, xn+1− x∗〉

− 2
1+βn(1−α)

(1−βn)τρn ‖yn‖ ,

cn =
1

1+βn(1−α)
ρ

2
n

and

δn :=
2βn(1−α)

1+βn(1−α)

for all n ∈ N+. It is easily seen that δn ∈ (0,1) for all n ∈ N+ and
∞

∑
n=1

δn = ∞. This implies

an+1 ≤ (1−δn)an +bn + cn. (3.4)

From (C4), we know that ∑
∞
n=1 c2

n < ∞. In order to use Lemma 2.4, it remains to show that
limsup

n→∞

bn
δn
≤ 0. Observe that

bn ≤ 2Rθn ‖xn− xn−1‖+θ
2
n ‖xn− xn−1‖2 +

2βn

1+βn(1−α)
〈 f (x∗)− x∗, xn+1− x∗〉

≤ 2Rθn ‖xn− xn−1‖+θ
2
n ‖xn− xn−1‖2 +

2Rβn

1+βn(1−α)
‖ f (x∗)− x∗‖ .

This follows that limsup
n→∞

bn
δn

< ∞. In fact, limsup
n→∞

bn
δn
≥−1. Suppose that limsup

n→∞

bn
δn

<−1. Then,

there exists an m0 ∈ N+, such that bn
δn
≤ −1 for all n ≥ m0. We derive from (3.4), for n ≥ m0,

that
an+1 ≤ (1−δn)an−δn + cn ≤ an−δn + cn.

By mathematical induction, it is not hard to see that

an+1 ≤ am0−
n

∑
i=m0

δi +
n

∑
i=m0

ci.
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This, in turn, yields

limsup
n→∞

an ≤ am0− lim
n→∞

n

∑
i=m0

δi +
∞

∑
i=m0

ci =−∞,

which is a contradiction. Thus, limsup
n→∞

bn
δn

exists and is at least −1. We then take a subsequence

{bnk
δnk
} such that

limsup
n→∞

bn

δn
= lim

k→∞

bnk

δnk

.

Without loss of generality, by the boundedness of {xn}, we may assume

limsup
n→∞

〈 f (x∗)− x∗, xn+1− x∗〉= lim
k→∞

〈
f (x∗)− x∗, xnk+1− x∗

〉
exists. This implies that

lim
k→∞

(1−βnk)ρnkτ ‖ynk‖
βnk

also exists. Thus, by the conditions (C1) and (C4), we immediately obtain

lim
k→∞

‖ynk‖= lim
k→∞

βnk

ρnk

ρnkτ(1−βnk)

βnk

‖ynk‖
1

τ(1−βnk)
= 0. (3.5)

From (3.1) and (3.5), we have

‖ynk‖‖ωnk− x∗‖ ≥ 〈ynk , ωnk− x∗〉

≥ 1−β

2
‖ωnk−Uωnk‖

2 +
1−µ

2
‖(I−V )Aωnk‖

2,

which implies that
lim
k→∞

‖ωnk−Uωnk‖= lim
k→∞

‖(I−V )Aωnk‖= 0. (3.6)

Since I−U and I−V are demiclosed at zero, any weak cluster point of {ωnk} belongs to Ω. In
view of

‖xn+1−ωn‖ ≤ βn ‖ f (ωn)−ωn‖+(1−βn)τn ‖yn‖ ,
condition (C3), and (3.5), we obtain that

lim
k→∞

∥∥xnk+1−ωnk

∥∥= 0.

This implies that any weak cluster point of {xnk+1} is also an element of Ω. Without loss of
generality, we may assume that {xnk+1} converges weakly to p∗ ∈Ω. Hence,

limsup
n→∞

bn

δn
≤ 1

1−α
lim
k→∞

〈
f (x∗)− x∗, xnk+1− x∗

〉
=

1
1−α

〈 f (x∗)− x∗, p∗− x∗〉 ≤ 0.

Finally, by Lemma 2.4(ii), we have

lim
n→∞

an = lim
n→∞
‖xn− x∗‖2 = 0,

which concludes that xn→ x∗ as n→ ∞. This completes the proof. �
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Remark 3.3. Choose ρn =
1

(n+1)r , βn =
1

(n+1)l , and 2
3 < r < l ≤ 1, n ∈ N+. The sequences {ρn}

and {βn} satisfy the conditions (C1)− (C4) in Theorem 3.2.

Remark 3.4. For a special choice, the parameter θn in Algorithm 3.1 can be chosen as:

0≤ θn ≤
−
θn,

−
θn =

{
min

{
ξn

‖xn−xn−1‖ ,
n−1

n+η−1

}
, i f xn 6= xn−1,

n−1
n+η−1 , otherwise,

where n ∈ N+, η ≥ 3 and {ξn} is a positive sequence such that lim
n→∞

ξn
βn

= 0. This idea is from
the recent inertial extrapolated step introduced in [1, 3].

If U and V are nonexpansive, then U and V are demicontractive. By Lemma 2.6, we know
I−U and I−V are demiclosed at zero. Hence, by Theorem 3.2, we have the result below.

Corollary 3.5. Let H1, H2, f , and A satisfy the conditions (A1) and (A2). Let U : H1 →
H1 and V : H2 →H2 be two nonexpansive mappings and Ω 6= /0. Assume that sequences
{ρn}, {βn} and {θn} satisfy the conditions (C1)− (C4) in Theorem 3.2. Then, the sequence
{xn} generated by Algorithm 3.1 converges strongly to a solution x∗ = PΩ ◦ f (x∗) of the SCFP
(1.1).

If U and V are quasi-nonexpansive with Fix(U) 6= /0 and Fix(V ) 6= /0, then U and V are
0-demicontractive. Hence, by Theorem 3.2, we have the following result.

Corollary 3.6. Let H1, H2, f , and A satisfy the conditions (A1) and (A2). Let U : H1→H1
and V : H2 →H2 be two quasi-nonexpansive mappings and Ω 6= /0. Let I−U and I−V be
demiclosed at zero. Assume that sequences {ρn}, {βn} and {θn} satisfy the conditions (C1)−
(C4) in Theorem 3.2. Then, the sequence {xn} generated by Algorithm 3.1 converges strongly
to a solution x∗ = PΩ ◦ f (x∗) of the SCFP (1.1).

4. NUMERICAL EXAMPLE

In this section, in order to demonstrate the effectiveness, realization, and convergence of
Algorithm 3.1, we consider the following example in (R, | · |).

Example 4.1. Let H1 = H2 = R. Let f : R→ R be defined by f (x) = 1
2x. Let A, U , and

V :R→R be defined by Ax= 2x, U(x) =−2x and V (x) =−3x, respectively. Choose θn =
1
2

−
θn,

ξn =
1

(n+1)2 , ρn =
1

(n+1)
3
4
, and βn =

1
n+1 , n ∈ N+, where the parameter

−
θn is taken from Remark

3.4. Then, the sequence {xn} generated by Algorithm 3.1 converges strongly to a solution of
the SCFP (1.1).

It is easy to see that Fix(U) = {0} = Fix(V ) and A−10 = 0. Thus the solution set Ω = {0}
of the SCFP (1.1) is not empty. Also f is a contraction with constant 1

2 . A is a bounded linear
operator and its adjoint operator A∗x = Ax = 2x. From Remark 2.3, we obtain that U and V
are 1

3 -demicontractive mapping and 1
2 -demicontractive mapping, respectively. Both I−U and

I−V are demiclosed at zero. It can be observed that all the assumptions of (A1)∼ (A4) and all
the conditions (C1)∼ (C4) are satisfied.

Algorithm 3.1 is reduced to the following: Let x0, x1 ∈H1 be arbitrary initial points.

Step 1: ωn = xn +
1
2

−
θn(xn− xn−1).
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Step 2: If ‖ωn‖= 0, then stop; else, go to Step 3.
Step 3: 

yn = 19ωn,

xn+1 = ( 2n+1
2(n+1) −

19n
n+1τn)ωn,

τn =
(n+1)−3/4

19‖ωn‖ ,

for n ∈ N+. Hence, from Theorem 3.2, the sequence {xn} generated above converges strongly
to 0 ∈Ω = {0}.
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[8] P.E. Maingé, A viscosity method with no spectral radius requirements for the split common fixed point
problem, Eur. J. Oper. Res. 235 (2014) 17-27.
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