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Approaching the split common solution problem
for nonlinear demicontractive mappings by means
of averaged iterative algorithms

Vasile Berinde and Khairul Saleh

Abstract. We consider new iterative algorithms for solving split common solu-
tion problems in the class of demicontractive mappings. These algorithms are
obtained by inserting an averaged term into the algorithms previously used in
[He, Z. and Du, W-S., Nonlinear algorithms approach to split common solu-
tion problems, Fized Point Theory Appl. 2012, 2012:130, 14 pp] for the case of
quasi-nonexpansive mappings. In this way, we are able to solve the split common
solution problem in the larger class of demicontractive mappings, which strictly
includes the class of quasi-nonexpansive mappings. Our investigation is based on
the embedding of demicontractive operators in the class of quasi-nonexpansive
operators by means of averaged mappings. For the considered algorithms we prove
weak and strong convergence theorems in the setting of a real Hilbert space.
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1. Introduction

Let C and D be nonempty subsets of the real Hilbert spaces H; and Hs, respec-
tively, and A : H1 — Hs2 be a linear bounded operator. Let also f : C x C — R and
F: D x D — R be two bi-functions.

The split equilibrium problem (SEP), see [10], is asking to find a point ¢ € C
such that

f(@c) >0, forallceC (1.1)
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and
d = A¢ € D is such that F(d,d) >0, for alld € D. (1.2)

Problem (1.1) alone is the classical equilibrium problem (EP) and its solution set is
usually denoted by EP(f).

Several important problems in nonlinear analysis, e.g., the optimization prob-
lems, variational inequalities problems, saddle point problems, the Nash equilibrium
problems, fixed point problems, complementary problems, bilevel problems, and semi-
infinite problems, are special cases of the classical equilibrium problem and have rele-
vant applications in mathematical programming with equilibrium constraint, see [11]
and references therein.

In turn, the split equilibrium problem (SEP) (1.1)+(1.2) defines a way to split
the solution between two different subsets such that the solution of the equilibrium
problem (1.1) and its image by the linear bounded operator A leads to the solution
of the second equilibrium problem (1.2).

Let G : C — C be a mapping with Fiz(G) := {v € D : Gv = v} # 0 and
f:D xD — R a bi-function.

In this paper, our interest is to study the following split common solution problem
(SCSP) for equilibrium problems and fixed point problems:

find u € C such that v € Fiz (G)

and
Au € D with f(Au,v) >0, forall veD.
Denote the set of solutions of this problem by

Q:={u € Fiz(G) : Au€ EP(f)}.

Example 1.1. Let H, = Ha =R, C =[0,1] and D = [-100, —7/8]. Let Au = —u for
all v € R and

i <
G _{7/8, fo<u<l1 (13)

o 1/4, ifu=1.

The mapping G defined on C is %—demicontractive but it is neither quasi-nonexpansive
nor nonexpansive [3]. Define f : D x D — R by f(u,v) =u — v for all u,v € D. It is
clear that A is a linear bounded operator, Fiz(G) = {1} and A (%) = —1 € EP(f).
Thus, Q = {u € Fiz(G) : Au € EP(f)} # 0.

Example 1.2. Let H; = R?, Hy = R with the standard norms. Let C = {u € R? :
|lul| <1} and D = [-100, —5/6]. Let Au = —uy for all u = (uy,uz) € R? and

o, J(0.5/6), ifu(0,1) 14)
(0,1/3), if u=(0,1). '

It is easy to see that G defined on C is a %—demicontractive mapping.

Define f : Dx D — R by f(v,w) = v —w for all v,w € D. It is clear that A is
a linear bounded operator, Fiz(G) = {(0,2)} and A(0,2) = —2 € EP(f). Thus,
Q={ue€ Fiz(Q): Au e EP(f)} # 0.
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He and Du [11] presented some new iterative algorithms for solving the split
common solution problems for equilibrium problems and fixed point problems of non-
linear quasi-nonexpansive mappings.

Our aim in this paper is to construct new averaged iterative algorithms for
solving the split common solutions problem in the setting of Hilbert spaces for the
the larger class of demicontractive mappings, thus extending the main results in He
and Du [11].

Our results are obtained by considering new averaged iterative algorithms for
which we prove weak and strong convergence theorems.

2. Preliminaries

Let H be a real Hilbert space with norm || -|| and inner product (-,-). Let D C H
be a closed convex set, and consider the operator G : D — D.
Recall that the mapping G is said to be

(a) nonexpansive if

|Gu — Go|| < ||lu—wv|, forall u,v € D; (2.1)
(b) quasi-nonezpansive if Fiz(G) # () and
|Gv—v*|| < |lv—20"|, forallveDandv*e Fiz(Q); (2.2)
¢) a-demicontractive if Fix and there exists a positive number a < 1 suc
demi we if Fix(G) # 0 and th i iti b 1 such
that
IGv = v*||* < [l = v*||* + allv — Gu]]%, (2.3)

for all v € D and v* € Fiz(G);
(d) firmly nonexpansive if
1Gu = Gu||* < lu—=v]|* = lu—v— (Gu~— Gv)|, (2.4)

for all u,v € D.

By the above definitions, it is clear that any firmly nonexpansive mapping is non-
expansive, any nonexpansive mapping G with Fiz(G) # ) is demicontractive and
that any quasi-nonexpansive mapping is demicontractive, too, but the reverses are no
longer true, as illustrated by the previous Examples 1.1 and 1.2.

It is well known, see [15], that any Hilbert space H satisfies the Opial’s condition,
that is, if {u,} is a sequence in H which converges weakly to a point v € H, then we
have

liminf [ju, — u|| < liminf||u, —v[|, for all v € H,v # u.
p—o0 p—o0

The following lemmas and proposition are very important in the proof our main
results.

Lemma 2.1. [2] Let H be a real Hilbert space and D C H a closed and convex set. If
G : D — D is a-demicontractive, then for any ¢ € (0,1 — «), the map

Gy =(1—=p) +pG

1S quasi-nonerpansive.
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Lemma 2.2. [11] Let H be a real Hilbert space, D C H a closed and convex set and
G : D — D a mapping. Then, for any ¢ € (0,1), we have Fiz(G,) = Fiz(G).

Definition 2.3. [13] Let D be a nonempty, closed, and convex subset of a real Hilbert
space H and G a mapping from D into D. The mapping G is said to be zero-demiclosed
if, for any sequence {u,} which weakly converges to u, and if the sequence {Gu,}
strongly converges to zero, then Gu = 0.

Proposition 2.4. [11] Let D be a nonempty, closed, and convex subset of a real Hilbert
space with zero vector 0 and G a mapping from D into D. Then the following asser-
tions hold.

(i) G is zero-demiclosed if and only if I — G is demiclosed at O;
(ii) If G is a nonexpansive mappings and there is a bounded sequence {u,} C H such
that |u, — Guy|| — 0 as p — 0, then G is zero-demiclosed.

Lemma 2.5. [7] Let D be a nonempty, closed, and convex subset of H and f : DxD —
R be a bi-function that satisfies the following conditions.
(C1) f(v,v) =0 for allv € D;
(C2) f is monotone, that is, f(u,v)+ f(v,u) > 0;
(C3) for every u,v,w € D, limsup,_,, f(tw + (1 —t)u,v) < f(u,v);
(C4) for every u € D, F(v) = f(u,v) is convex and lower semi-continuous.
Let 1 > 0 and u € H. Then there exists w € D such that

1

f(w,v) + *<U*U),’LU*’U,> Z 0
I

for allv € D.

Lemma 2.6. [9] Let D be a nonempty, closed, and convex subset of H and let f be a
bi-function from D x D into R that satisfies (C1)-(C3). For > 0 and u € H, define
a mapping

Tj(u) = {weD:f(w,v)—i—i(v—mw—u) >0, for allveD}. (2.5)

Then the following assertions hold:

(a) TJ is single-valued and f(TJ) = EP(f) for any p > 0 and EP(f) is closed and
convezr;
(b) Tlf is firmly nonexpansive.

Lemma 2.7. [8] The following assertions hold for all u,v € H.
(a) [lu+vl? < [Jvll” +2(u,u+v) and u—|* = Jul® + [v]* — 2(u, v).
(b) flau+ (1 —a)v|? = allul* + (1 — a)[v||* — a(1 — a)|lu — v||? for a € [0,1].

Lemma 2.8. [10] Let T be as in (2.5). Then for p,7 >0 and u,v € H,
I ul
IThu = Thol| < u— vl + T2 rs0 o).

In particular, Tp{ s monexpansive for any p > 0.
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The next lemma is due to Li and He [12] and will be useful in proving our main
results.

Lemma 2.9. [12] Let Fy,--- , F, : H1 — H1 be quasi-nonexpansive mappings and set
T =" bF,, whereb; € (0,1) with Y. b; =1, and F,, = (1 — a;)I + a;F; with
€(0,1),i=1,2,--- ,n. Then T is quasi-nonexpansive and

Fix(T sz:z: ﬂsz ;)

3. Split common solutions in the class of demicotractive mappings

In this section we prove convergence theorems for averaged algorithms used for
finding split common solutions for demicontractive mappings. Let H; and Ho be two
Hilbert spaces.

In the following theorem, we prove the weak convergence of an averaged algo-
rithm used for solving the split common solution for equilibrium problems and fixed
point problems of nonlinear demicontractive mappings.

Theorem 3.1. Let C C Hy and D C Ha be two nonempty closed convex sets. Let
G : C — C be a zero-demiclosed a-demicontractive mapping and f : D X D — R be a
bi-function with

Q={ue€ Fiz(G): Au € EP(f)} # 0,
where A : Hy — Ha is a bounded linear operator with its adjoint A*. Consider the
sequences {up} and {vp} generated as follows:

V1 € C,

Up = T;{I,AU;IH {.up} - (05 OO),

Vpt1 = (1 — ap)wp + ap [(1 — @)wp + pGw,] € (0,1 — ),

wp = Pe (v, + ﬂA*(TL —I)Avy), ﬂ € ( HA*H> , for allp € N,

(3.1)

where lim inf,,_,  p, > 0, P¢ is the projection operator from H, onto C and {a,} is a
sequence in [e,1 — €] with e € (0,1). Then {v,} converges weakly to v* € Q, and {u,}
converges weakly to Av* € EP(f).
Proof. Since G is an a-demicontractive mapping, in view of Lemma 2.1 the averaged
mapping

Gy :=1—9)[+¢G (3.2)
is quasi-nonexpansive for ¢ € (0,1 — «). Here I is the identity mapping. Hence, in
Algorithm (3.1) we can write

Upt1 = (1 = ap)wp + apGowp.

Let Q, := {u € Fiz(G,) : Au € EP(f)} # 0 and u € Q. Using Lemma 2.6 and
Lemma 2.7, it is easy to see that for any p € N,

1T, Av, — Aul® < || Av, — Au|]® ~ | T, Av, — A, 1> (3.3)
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We also obtain

2B{v, — u,A* (Tf — I) Avp)

Hp
= 28(A(vy — u) + (T — D Av, — (T} — I)Avy, (T] —1)Av,)

1
<29 (ST, - v IP - T, ~ D 1?)
= =BI(T, = ) Av, .
Since for any p € N|
1A*(T], = DAvy|* < |A*IPI(T, — 1) Avy 1%, (34)
and G, is quasi-nonexpansive, we have
[vp1 — ulf?
= (1= ap)|wy — ul® + ap[|Gpwp — ul|* = (1 = ap)ay[w, — Gowp?
< wp — ul|® = €?||w, — GsaprQ (Since € € [ap, 1 — ap))
= |[Pe(vp + BA™(T] — I)Avy) — Peul|? — €2||w, — G|
< |lvp + BAX(T, — D Avy — ul|* — €% |lwp, — Gpwp|®
= l[og—l® + |BA*(TS. — 1) Avy > + 28w, — u, A*(T]. — 1) Avy) — [, — Gy
< lvp — ull® + BIAMPINT], — D) Avy|* = BT, — D Avy|* — 2wy — Gowy|
= |lvp — ull* = BL = BIA" )T, — 1) Avp|* — 2wy — Gpwyl. (3.5)
Since S € (0, ﬁ) and B(1 — B||A*||?) > 0, we have
[vp41 — ull < Jlwp — ull < o, — ull (3.6)
and by (3.5),
llwp — Gowp® + B(L = BIA )T, — DAv[* < [lop — ull® ~ Jvpss —ull?, (3.7)

for any p € N. Note that since u € Fiz(G,,), it follows that the sequence {||v, — u||}
is convergent. Inequalities (3.6) and (3.7) imply that

lim o, —ul = lim [, - ul], (3.8)
lim [, — G| =0
and
Jim (T} —I)Av,| = 0. (3.9)
We obtain
lwp = vpll = 1P (v + BA* (T, = 1) Av, ) = Pevy|
< ,B||A*(ij —I)Avy|| = 0 as p — oc.
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Since lim,_, o ||vp—ul| exists, {v,} is bounded and thus, {v,} has a weakly convergence
subsequence {vp, }. Let v* € C be the weak limit of {v,, }. Hence,

Avy, = Av* €D, vy, — V"

and

Tl{pk Avp, — Av*.
Since G, is a zero-demiclosed mapping, and y,, — v*, we obtain v* € Fiz(G,).
Applying Lemma 2.6, EP(f) = Fz:v(T/{) for any p > 0. We claim that TI{AU* = Av*.
Suppose TJAU* # Av*. Since Av, — TJPAUP =({I- TJP)AUP — 0 as p — oo, applying
the Opial’s property and Lemma 2.8 yields

liminf ||Av,, — Av*|| < liminf ||Av,, — TS Av*
m in | Avp,, v\|<ljlggg | Avy,, — T Av*||

< timinf (|| vy, = T v, ||+ T}, Avy, — T/ Av"]))

J—00

— limi f Ap* — T
= 11jrggc1f||T”Av T, Avp,|l

. o = 1] o
* k
< hjrggolf <||Avm —Av*| + THTHP’“ Avp, — Avy, ||
= lim inf || Av,, — Av™|],
j—00

which lead to a contradiction. So Av* € sz(TJ ) = EP(f), and hence
v* € Q, ={ue Fiz(G,) : Au e EP(f)}.

Now we prove that {v,} converges weakly to v* € Q.. Otherwise, there exists a sub-
sequence {vp, } of {v,} such that v, — u* € Q, with u* # v*. By Opial’s condition,

. TR T .
lim inf [jvy, — "] <liminf [jo,, — ™[} <limnf{lv, — .

This is a contradiction. Hence, {v,} converges weakly to an element v* € Q.
Finally, we prove that {u,} converges weakly to Av* € EP(f). Since v, — v*, we
have Av, — Av* as p — oc. Therefore, u,, := T} Av, — Av* € EP(f). O

Corollary 3.2. Let C C Hy and D C Hs be two nonempty closed convex sets. Let
G : C = C be a zero-demiclosed a-demicontractive mapping and f : D X D — R be a
bi-function with

Q={ue Fiz(G): Au € EP(f)} # 0,

where A : Hy — Ha is a bounded linear operator with its adjoint A*. Consider the
sequences {u,} and {vp} generated as follows:

V1 € C,

Up = TJPAUP’ {:up} C (O’ OO)’

Vp+1 = (1 — ap)wp + apGwy,

wp = Pe(vp +BA*(TJP —I)Avy), Be€ (0, m) , pEN,

(3.10)
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where lim inf,,_, p, > 0, P¢ is the projection operator from Hq onto C and {a,} is a
sequence in [e,1 —¢e] with e € (0,1). Then {v,} converges weakly to v* € Q, and {u,}
converges weakly to Av* € EP(f).

Proof. Consider G, given in (3.2). By Lemma 2.2, for any ¢ € (0,1), we have
Fiz(G,) = Fiz(G). We have
(1 —ap)wp + apGow, = (1 = ap)wp + a,p((1 — @)wy, + Guwp)
= (1 — app)wy, + appGuw,.

To obtain exactly the iterative scheme (3.10), we simply denote a, := @a, € (0,1) for
all pe N. g

Next we prove a strong convergence theorem of an iterative method to split
common solution for a demicontractive mapping.

Theorem 3.3. Let C C Hyi and D C Hy be two nonempty closed convex sets. Let
G : C = C be a zero-demiclosed a-demicontractive mapping and f : D x D — R be
a bi-function with Q = {u € Fiz(G) : Au € EP(f)} # 0, where A : Hy — Hz is
a bounded linear operator with its adjoint A*. Consider the sequence {u,} and {vp}
generated as follows:

vy €C,

up = TJPAUP, {rn} C (0,00),

Yp = (1 = ap)wp + ap[(1 — p)wp + 9Gwy], ¢ € (0,1 - a),

wy = Polvy + BAX(T) — I Av,), B e (0, ﬁ)

Cpr1={v e Cp: lyp — vl < llwp — vl < llvp — 0|}, with Cy =C,
vpt1 = Pc,,, (v1), pEN,

(3.11)

where iminf, ., r, > 0, Pc is the projection operator from H1 onto C, and {a,} is
a sequence in [g,1 —¢],e € (0,1). Then v, = v* € Q and u, — Av* € EP(f).

Proof. Consider the mapping G, given in (3.2). Similar to the proof of Theorem 3.1,
the sequence {yy} in Algorithm (3.11) can be written as

Yp = (1 — ap)wp + apGowy,.

Let Q, = {u € Fiz(G,) : Au € EP(f)} # 0. We claim that Q, C C), for p € N,
In fact, let u € €. Following the same argument as in the proof of Theorem 3.1, we
have

28(vp — u, A* (T, — ) Avy) < —BII(T], — 1) Avy |2, (3.12)
and for any p € N,

1A*(T], — D) Awy||* < [ A*|PI(T, — 1) Avy 1. (3.13)



Approaching the split common solution problem 329

For any p € N, we obtain

lyp = ull < llwp —ull* = (1 = ap)ap|lwy — Gowp|®

< |lvp + BAN(T] = DAvy — ul]® = €2[Jwy, — Gow,||?

= [lup—ull® + | BA™(T], —1) Avp|® +28(vp —u, A(T] — 1) Avy) — 2 [|lwy — Gy
< lvp = ull® + B2A*IP(T, = DAv|* = BI(T, — DAvy||* = €2[lwy — Gy |®

< lvp = ull® = B = BIA )T, — DAv|* = €2[lwp — Gwy|.

Since 3 € (O, ﬁ) , B(1—=BJlA*||?) > 0, it follows that

lyp = ull < llwp — ull < flvp —ul, (3.14)
and thus p € C, for all p € N. Hence, Q C C), and C), # ) for all p € N.
Now we prove that C), is a closed convex set for each p € N. It is not hard to verify
that C), is closed for each p, so it suffices to verify that C), is convex for each p € N.
Indeed, let x1,x2 € Cpiq. For any v € (0,1), since
lyp — (yz1 + (1 = 7)o
= lv(yp — 1) + (1 =) (yp — 22)
=llyp — 21| + @ = Nlyp — z2]* = 7(1 = 7)llz1 — 22|
S wp = zal* + (1 = Nlwp — 22]* = v(1 = )llz1 — 22
= lwp — (yo1 + (1 = y)z2?,
the following inequality holds
lyp — (vzr + (1 = y)w2)[| < [lwp — (o1 + (1 = 7)z2)].-
Similarly, we also have
wp = (va1 + (1 = 7)) || < llvp — (y21 + (1 = 7)z2),
which implies that yz1 4+ (1 — v)ze € Cpy1. Hence, Cpyy is convex.
Notice that Cpy1 C Cp and v, 41 = Po,, (v1) C Cp. Then |lv,11 —v1| < [lv, —v1]| for
n > 2. It follows that lim,_, ||v, — v1|| exists. Hence {v,} is bounded, which yields

{wp} and {y,} are bounded. For any k,p € N with & > p, from vy = Pg, (v1) C Cp
and the character (iii) of the projection operator P, we have

lvp = vkll® + llor = vk |* = [lop = Pe, (w)[I* + lor = Pey (v1)1* < Jlup — vl (3.15)

Since lim, o ||vp — v1|| exists, it follows that lim,_, ||[vp — vx|| = 0, which implies
that {v,} is a Cauchy sequence.
Let v, — v*. One can claim that v* € €. Firstly, by the fact that

I?

vpt1 = Pe, (V1) € Cpi1 C Cp,
we have
lyp = vpll < llyp — vprall + [[vpr1 — vpll < 2[|vps1 —vpl| =0, asp—o00  (3.16)
and

||wp - Up” < ||7~Up - UerlH + vaJrl - U;DH < 2va+1 - U;DH — 0, asp—o0. (3.17)
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Setting p = (1 — B[ A*||*), we obtain
PI(T, = D Avp||* + *||wp — Twp|* < [lop — v*|I* = [lyp — v*||?
< lvp = ypll (lvp — ™[ + llyp — 07[)) -
So
plggo |G owp — wpll =0

and

3 f _
Tim (T, — DAw,|| =0.

Let r > 0. Since v, — v* as p — oo, Lemma 2.8 implies that

HT;{;,AU* — Av*|| < ||T[pAv* — TJPAUPH + ||Tf Av, — Avp|| + || Av, — Av™||
§2A’UpAv*||+<1+| |)H JAvp — Avy|| = 0, as p — 0.
T

So Tl{Av* = Av*, which says that Av* € Fix(Tlfp) = EP(f). On the other hand,
since v, — w, — 0 and v, — v*, we conclude that w, — v*. Notice that G is zero-
demiclosed quasi-nonexpansive, G,v* = v*. We also deduce that {u,} := {T/{I)Avp}
converges strongly to Av* € EP(f). O

Corollary 3.4. Let C C Hq1 and D C Hao be two nonempty closed convex sets. Let
G : C — C be a zero-demiclosed a-demicontractive mapping and f : D x D — R be
a bi-function with Q = {u € Fiz(G) : Au € EP(f)} # 0, where A : H1 — Hz is
a bounded linear operator with its adjoint A*. Consider the sequences {up,} and {v,}
generated as follows:

v1 €C,

up =T} Avy,  {ra} € (0,00),

yp = (1 — ap)wy, + a,Gwy,

wy = Po (v, + 5A*(T,fp —1)Avy), B€ ( HA*H?)

Cpir = {0 € Cy ¢ g — vl <y — vl] < [lop — v} with Cy = C,
vpp1 = Po,,, (v1), peN.

(3.18)

where iminf,_,o, 7, > 0, Pc is the projection operator from Hy onto C, and {a,} is
a sequence in [¢,1 —¢],e € (0,1). Then v, = v* € Q and u, — Av* € EP(f).

Proof. Consider the mapping G, given in (3.2). By Lemma 2.2, for any ¢ € (0, 1),
we have Fiz(G,) = Fiz(G). We have

(1=ap)wp +apGowy = (1 —ap)wy +ap((1 = p)wp +9Gw,) = (1= app)wy + appGuy.

To obtain exactly the iterative scheme (3.18), we simply denote a, := pa, € (0,1) for
all p € N. 0

We close this section by stating the strong convergence of an iterative scheme for
a split common solutions problem with a finite number of demicontractive mappings.
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Theorem 3.5. Let C C Hy and D C Ha be two nonempty closed convex sets. Let
G, ,Gp:C—=C

be a finite number of zero-demiclosed a-demicontractive mappings with

() Fiz(Gi) # 0
1=1

and f : D x D — R be a bi-function with

:{ue ﬂsz AueEP(f)}#@,

where A : Hy — Ha is a bounded linear operator with its adjoint A*. Consider the
sequences {u,} and {vp} generated as follows:

vy € C,

Uup = TI{CPAvp, {rn} C (0,00),

yp = (1 —ap)wp +ap >y al(1 — p)wy, + 9iGw,), ¢, € (0,1), S0 ¢ =1,
wy = Po(v, + BA* (T, — DAvy), B € (0, i)

Cpt1 ={v e Cp: lyp — vl <Hlwp — vl < lop —vll},  with C, = C,

vpt1 = Pc,,,(v1), peEN.

(3.19)
where iminf, ., 7, > 0, Pc is the projection operator from Hy onto C, and {a,} is
a sequence in [e,1 —¢l,e € (0,1). Then v, — v* € Q and u, — Av* € EP(f).

Proof. Let F =" | ¢;G,,, where Gy, = (1 — ¢;)I + ¢;G. Lemma 2.9 implies that
F' is a quasi-nonexpansive mapping. Furthermore,

Fiz(F) = (| Fiz(Gy,) = [ | Fiz(G;) # 0.
i—=1 i=1

It is straightforward to see that F' is zero-demiclosed. The rest of the proof is similar
to that of Theorem 3.3. g

4. Conclusion

(1) We have proven a weak convergence theorem for an iteration scheme used to
approximate split common solutions for demicontractive mappings in Hilbert
spaces, which is derived from an associated weak convergence theorem in the
class of a quasi-nonexpansive operators.

(2) We also have established a strong convergence theorem for an iteration scheme
used to approximate split common solutions of demicontractive mappings in
Hilbert spaces, which is derived from a corresponding strong convergence theo-
rem in the class of a quasi-nonexpansive operators.
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(3) Our investigation is based on an embedding technique by means of an averaged
mapping: if G is a-demicontractive, then for any ¢ € (0,1 — «),

Gy, =(1-p) +¢G

is a quasi-nonexpansive mapping.

(4) For some very recent developments on related topics we refer the reader to
Alakoya et al. [1], Berinde and Saleh [5] [6], Berinde and P&curar [4], Onah et
al. [14], Rathee and Swami [16], Wang and Pan [17],Yao et al. [18], Zhu et al.
[19], etc., to which a similar approach seems to be applicable.
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