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Abstract

In this paper, we propose an iterative algorithm, which is based on the Mann iterative method for solving simultaneously
common fixed point problem with a finite family of demicontractive mappings and systems of variational inequalities involving
an infinite family of strongly accretive operators. Under suitable assumptions, we prove the strong convergence of this algorithm
in Banach spaces. Application to systems of constrained convex minimization problem is provided to support our main results.
The results of this paper improve and extend results of [M. Eslamian, C. R. Math. Acad. Sci. Paris, 355 (2017), 1168-1177], and
of many others.
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1. Introduction

Let H be a real Hilbert space with inner product (:,-)y and norm || - [}y and C is a nonempty closed
convex subset of H. A mapping A : H — H is said to be k-strongly monotone if there exists k € (0,1) such
that for all x,y € D(A),

(Ax = Ay, x—y)n = klx -yl
Recall that the mapping T: C — C is said to be Lipschitz if there exists an L > 0 such that
Mx—=Ty[ <Llx—yl, YxyeC

if L <1, T is called contraction and if L = 1, T is called nonexpansive. We denote by Fix(T) the set of
fixed points of the mapping T, that is Fix(T) := {x € D(T) : x = Tx}. We assume that Fix(T) is nonempty.
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If T is nonexpansive mapping, it is well known Fix(T) is closed and convex. A map T is called quasi-
nonexpansive if || Tx —p|| < ||[x —p|| holds for all x in C and p € Fix(T). The mapping T: C — C is said to
be firmly nonexpansive, if

[Tx =Tyl < Ix=y[* = lI(x—y) = (Tx=Ty)|>, ¥x,y € C.
A mapping T : C — H is called k-strictly pseudo-contractive if there exists k € [0,1) such that
ITx = Ty|2 < x —y[2+Klx—y — (Tx—Ty)| vxy € C.
A map T is called k-demi-contractive if Fix(T) # () and for k € [0, 1), we have
ITx —p|l < |x —pll + k[x = Tx|?, ¥x € C, p € Fix(T). (1.1)

We note that the following inclusions hold for the classes of the mappings: firmly nonexpansive C non-
expansive C quasi-nonexpansive C k-strictly pseudo-contractive C k-demi-contractive. Demicontractive
mappings constitute one of the most general classes of nonexpansive type mappings with important ap-
plications for which the fixed points can be obtained by iterative schemes, there was and still is a great
interest in studying their properties, see [15, 19, 20] and most of the references therein. Construction of
fixed points of nonlinear mappings is an important subject in the theory of nonlinear mappings and find
applications in a variety of applied areas, in particular, in inverse problems, partial differential equations,
image recovery, and signal processing (see, [1, 3]). Mann iteration algorithm [18] is widely used for solv-
ing a fixed point equation of the form Tx = x. This algorithm is a sequence {x,}, which is generated by
the following recursive way:

{X()EC,

Xn41 = GnXn + (1 - o‘n)TXn/

where {x,} is a sequence in (0,1). But Mann’s iteration process has only weak convergence, even in
Hilbert space setting. Therefore, many authors try to modify Mann’s iteration to have strong convergence
for nonlinear operators; see, for example, [9, 20, 21] and the references therein. The varational inequility
problem (VIP) is to find x* € C such that

(Ax*,y—x*) >0, Yy € C, (1.2)

we denote the set of solutions of variational inequality problem of the mapping A on set C in (1.2)
by VI(C, A). The important problems of the VI(C,A) are existence and uniqueness of solutions. It is
known that, if A is a strongly monotone and Lipschitzian mapping on C, then the VI(C, A) has a unique
solution. One of the interesting problems is how to find a solution of the VI(C, A) if A is others. In recent
years, variational inequalities have been used to study a large variety of problems arising in structural
analysis, economics, optimization, operations research, and engineering sciences (see, e.g., [7, 23, 24] and
the references therein). Observe that the feasible set C of the variational inequality problem can always
be represented as the fixed point set of some operator, say, C = Fix(P¢). Following this idea, Yamada [23]
considered the variational inequality problem VI(A,Fix(T)), which calls for finding a point x* € Fix(T)
such that
(Ax*,y—x") >0, Yy € Fix(T).

Yamada [23] considered the following hybrid steepest-descent iterative method:
Xn+1 = (I—poenA)Txn,

where A is a Lipschitzian continuous and strongly monotone operator and T is a nonexpansive oper-
ator. Under some appropriate conditions, the sequence {x,,} converges strongly to the unique point in
VI(A, Fix(T)). The literature on variational inequalities is vast, and the hybrid steepest-descent method
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has received great attention from many authors, who improved it in various ways; see, e.g., [13] and ref-
erences therein. Recently, in 2017, Eslamian proposed an explicit parallel algorithm for finding common
solutions to a system of variational inequalities over the set of common fixed points of a finite family of
demi-contractive operators, as follows.

Theorem 1.1 ([13]). Let H be a real Hilbert space. Let for each i € {1,2,...,m},F; : H — H be a ki-inverse
monotone operator and Ty : H — H be a Ai-demicontractive operator such that 1 —T; is demiclosed at 0. Assume

m m
that (N Ai_10 N N Fix(T;) # 0. Let {xn} be the sequence generated by xy,v € H and by
i=1 i=1

yn @ = (1= nOBF)Tixn, i=1,2,...,m,
0 i i
Xn41 = Y%)V + leyg)ynm/ vn >0,

where T,™ = aﬁf g (1— oéf ) )Ti. Let the sequences {own }, {Pn}, and {yn} satisfy the following conditions:

M ynV € lay bl € (O, and ¥ M gyn! = 1;
(if) limn oo yn =0and ¥ vR = oo;
(iii) (B} C ley, il € (0,2K:);
(iv) A < o) ey < 1.
m m
Then the sequence {xn} converges strongly to x* € (Y A7'0 N Fix(Ty).
i=1 i=1
Note that, most of the algorithms proposed and studied for solving (1.2) are largely confined to real
Hilbert spaces. This is understandable because, as is well known, among all infinite dimensional Banach
spaces, Hilbert spaces have the nicest geometric properties, most of which characterize inner product
spaces and make problems posed in real Hilbert spaces more manageable than those posed in more
general Banach spaces. This leads to this important natural question.

Question 1.2. Can we construct a new iterative method based on the Mann iteration for solving simultaneously
common fixed point problem involving a finite family of demicontractive mappings and systems of variational in-
equalities in Banach spaces?

The purpose of this paper is to answer the above question in the affirmative. Thus, we introduce a
perturbed Mann iteration for solving simultaneously common fixed point problem with a finite family of
demicontractive mappings and systems of variational inequalities involving an infinite family of strongly
accretive operators. We prove the strong convergence of this algorithm in Banach spaces without any
compactness assumption.

2. Preliminaries

Let E be a Banach space with norm || - || and dual E*. Let ¢ : [0, +00) — [0, c0) be a strictly increasing
continuous function such that ¢(0) = 0 and ¢@(t) — +00 as t — oo. Such a function ¢ is called gauge.
Associated to a gauge, a duality map J, : E — 28" defined by:

Jo(x) == {x" € "1 (x,x7) = [Ixll@(lIxIl), X"l = elIxI)}.

If the gauge is defined by ¢(t) =t971, q > 1, then the corresponding duality map is called the generalized
duality mapping from E to 28" defined by

Jq(x) = {x" € E*: (x,x") = [|x||* and [jx*|| = [[x[|9""}.
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J2 is called the normalized duality mapping and is denoted by J. Notice that

_ ol
el

]cp(x)

J(x), x #0.

Let E be a real normed space and let S := {x € E: ||x|| = 1}. E is said to be smooth if 1ir(r)1+ w exists
t—
for each x,y € S (see, e.g., [11] for more details on duality maps).

Remark 2.1. Note also that a duality mapping exists in each Banach space. We recall from [2] some of the
examples of this mapping in 1, L,, W™P-spaces, 1 < p < oo.

G)lp:Ix::HXM;pyfelq,Xs:(xLxL.u,xnp.J;y==(XﬂXpr%XﬂXﬂp’%-n,annW’%-ub
(i) Lp : Ju = |ulf PP ?u e Ly;
ﬁﬁ)MNW%Juzqhmﬁﬁpzgmgﬂp4ﬂMD“QD“mv4D“u)e\M*mﬂ,
where 1 < q < oo is such that 1/p+1/q =1.

Recall that a real Banach space E that has a weakly continuous duality map satisfies Opial’s property,
(see, e.g., [12]). Let C C E be a nonempty set. An operator A : C — E is said to be accretive if there exists
jq(x —y) € Jq(x —y) such that

(Ax —Ay,jq(x—=y)) 20, ¥x,y € C.
An operator A : C — E is said to be a-inverse strongly accretive if, for some o« > 0,
(Ax —Ay,jq(x —y)) > «||Ax — Ayl|9, Vx,y € C.

In [10], Chidume extended the condition (1.1) to arbitrary real Banach space X. If X is g-uniformly smooth,
then the condition (1.1) becomes

(1—k)a-1

<X_Txqu(x_p)> Z 2q—1

[x —Tx[|9, x € X, p € Fix(T). (2.1)
Let C be a nonempty subset of real Banach space E. A mapping Q¢ : E — C is said to be sunny if

Qc(Qex+t(x—Qcx)) = Qcx
for each x € E and t > 0. A mapping Q¢ : E — C is said to be a retraction if Qcx = x for each x € C.

Lemma 2.2 ([14]). Let C and D be nonempty subsets of a real Banach space E with D C Cand Qp : C = Da
retraction from C into D. Then Qp is sunny and nonexpansive if and only if

(z—Qpzjly—Qpz)) <0
forallz € Candy € D.

It is noted that Lemma 2.2 still holds if the normalized duality map is replaced by the general duality
map J,, where ¢ is gauge function.

Remark 2.3. If K is a nonempty closed convex subset of a Hilbert space H, then the nearest point projection
Px from H to K is the sunny nonexpansive retraction.

Lemma 2.4 (Demiclosedness principle, Browder [6]). Let E be a Banach space satisfying Opial’s property, K
be a closed convex subset of E, and T : K — K be a nonexpansive mapping such that F(T) # 0. Then I —T is
demiclosed; that is,

{xn} CK, xn =x €K, and (I—T)xn — y implies that (I—T)x =vy.
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Lemma 2.5 ([16]). Assume that a Banach space E has a weakly continous duality mapping ], with jauge .

O([x+yll) < @[ + (Y Jo (x +y)) (2.2)

for all x,y € E, where ®(t) = fé @(o)dot > 0. In particular, for the normilized duality mapping, we have the
important special version of (2.2):
I +yl® < Il + 26y, J(x +y))-

Theorem 2.6 ([11]). Let q > 1 be a fixed real number and E be a smooth Banach space. Then the following
statements are equivalent:

(i) E is g-uniformly smooth;
(ii) there is a constant dq > O such that for all x,y € E,

Ix+yll* < X1+ q(y, Jq(x)) + dqllyll9;

(iii) there is a constant c1 > 0 such that

(x—y, Jq(x) —Jq(y)) <cilx—yll9, V x,y € E.

Lemma 2.7 (Xu, [22]). Assume that {an} is a sequence of nonnegative real numbers such that an4q < (1—
Otn)Qn + On for all m > 0, where {an } is a sequence in (0,1) and {on} is a sequence in R such that

(a) Z?f:o Xn = 00,

On

(b) limsup,, o S 0or Y 3 olonl < oo
n

Then limp 00 an = 0.

Lemma 2.8 ([17]). Let tn, be a sequence of real numbers that does not decrease at infinity in a sense that there
exists a subsequence tn, of tn such that tn, < tn,,, forall i > 0. For sufficiently large numbers n € IN, an integer
sequence {t(n)} is defined as follows:

T(n) = max{k < n:ty < teg1h

Then, T(m) — oo as n — oo and
max{tT(n), tn} < temy+1-

Lemma 2.9 (Chang et al., [8]). Let E be a uniformly convex real Banach space. For arbitrary v > 0, let B(0), :=
{x € E:|Ix]| < 1}, a closed ball with center 0 and radius v > 0. For any given sequence {uj, Uy, ..., Un,...} C B(0),
and any positive real numbers {A;, Ay, ..., An,...} with Y 321 Ax = 1, then there exists a continuous, strictly
increasing, and convex function

g:[0,2r] = R", g(0) =0,

such that for any integer 1,j with i <j,
oo 2 (e.¢]
HZAkukH <D Ml = Ay g (s — ).
k=1 k=1

Lemma 2.10 ([5]). For any r >0,

(i) A is accretive if and only if the resolvent |2 of A is single-valued and firmly nonexpansive;
(ii) A is m-accretive if and only if ¥ of A is single-valued and firmly nonexpansive and its domain is the entire
E
(iii) 0 € A(x*) if and only if x* € Fix(J2), where Fix(J2\) denotes the fixed-point set of J7*.
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Lemma 2.11 ([15]). Let C be a nonempty closed convex subset of q-uniformly smooth Banach space E. Let Q¢ be a
sunny nonexpansive retraction from E onto C and let A : C — E be a mapping. Then VI(C, A) = Fix(Qc(I—AA)),
forall A > 0.

Lemma 2.12. Let C be a nonempty closed convex subset of a q-uniformly smooth Banach space E. Let A > 0 and
9«

let A be an o-inverse strongly accretive operator of C into E. If 0 < A < ( 1
q

)ﬁ, where dq is the q-uniformly

smooth constant of E, then Q¢ (I —AA) is a nonexpansive mapping.

Proof. Let x,y € C, we have

1Qc(I=A)x = Qc(I=AAJy[|9 = [[(I=AA)x — (I=AA)y|
< x=yll9 = aMAx = Ay, Jq(x —y)) + dgA9[|Ax — Ay| ¢
< x=yll9 — gAaf|Ax — Ay[[9 + dgA9[|Ax — Ay
<l =yl =Alga—dgA I [[Ax — Ay[|T < x —y]9.

Then Q¢ (I—AA) is a nonexpansive mapping. O

3. Main results
We now prove our main results.

Theorem 3.1. For q > 1, let E be a q-uniformly smooth and uniformly convex real Banach space having a weakly
continuous duality map J,. Let C be a nonempty, closed convex cone of €, and Qc be a sunny nonexpansive

retraction from E onto C. Let A; : C — E be a-inverse strongly accretive and n; € [a, (qd | ) } for some a > 0.
q

Let T : C — C be a ki-demicontractive mapping such that T := (| VI(C,A;) ﬂ Fix(Ty) # 0 and 1 —T; is
j=1
demiclosed at 0. Let {xn } be a sequence defined as follows:

xo € C, chosen arbitrarily,

Zn = 0oxXn + 2_imq 0iTixn,

Yn = Bozn + Z):l E’ QC njA)')Zn/
Xn+1 = (Xn()\nxn) +(1— “n)ynr

(3.1)

where 0; € (0,7),

q—1 1
. qu q- . 1—k4
S T i ) U
vi=, min { 2(m—Tag, G =T

>0 =1, Z;?io Bi =1, {on} C (0,1), and {An} C (0,1). Assume that the above control sequences satisfy
the following conditions:

(1) limp o0 Xn =0;
(i) impooAn =T1and Y 37 5(1—An)an = oco.

Then, the sequence {xr, } generated by (3.1) converges strongly to x* € T, where x* = Qr(0).

Proof. Let p € T'. Using (3.1), inequality (ii) of Theorem 2.6, and inequality (2.1), we have

m
q
lzn =PI = [[8o(xn =)+ Y_8i(Tixn —p)|
i=1
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m

m
q
= Heo(xn —p)+ ) 0:i(Tixn —xn) + ) _0i(xn —P)H
i1 i1
- q
= Hxn —p+ Zei(Tan _Xn)H
i1

m
q
< xn =Pl —a)_0i(xn — Tixn, Jq(xn — +quZe ~Tixn) H
i=1
Hence,
q
HZTL_qu [Xn — qu_qZ}‘lHl ’Xn_TXan"i_quZe TXn_Xn)H 3.2)
We have,
ik q o q
|3 0uToen —xn)| " < 20m 193”0 Tixn — x| (3.3)
i=1 i=1
Combining inequalities (3.2) and (3.3), it then follows that
g R 1 (m-1)ay- g a
Zn—Pp| <|Xn—7P —qZBlu1 Xn — liXn|| +dq2 Zei —Xnl| -
=1 = (3.4)
q _ q
=]~ S ou a2 g e
Since qui~ 1 9o m_l)qdqﬁiq_l >0, Vi=1,...,m, we obtain,
lzn | < Ibn |
From (3.1) and Lemmas 2.11 and 2.12, it follows that
[yn =Pl = lIBozn + Y B;Qc(I—mA;)zn —pl|
j=1
< Bollzn — Pl + Z BillQc(I—mjAj)zn — Pl < [lzn — |-
j=1
Therefore, we have
[yn =Pl < llzn =Pl < llxn —7pll. (3.5)

Hence,

[xn+1 =Pl = [[an (Anxn) + (1 — an)yn — 7P|
< anAnl[xn =Pl + (T —an)|lyn =Pl + (1 = An)on Pl
< anAnllxn =Pl + (1 —an)|xn =Pl + (1 = An)anp|l
< [I—= (T =An)onl[xn =pll + (1 =An)xn|lpll < max{[xn —pl|, [[pl}}-

By induction, it is easy to see that
[Pen = pll < max{fxo —p, [lpll}, n>1
Consequently, using inequality (3.4) and the fact that ||yn — p|| < ||[xn — ||, we obtain,

[Xn+1 =PI = [[an(Anxn) + (1 — an)yn — |
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= lyn —p + an((Anxn) _Un)Hq
< lyn —pll19 + qoen (Anxn) _Un/]q(yn —p))+ dq H(Xn((}\nxn) _yn)Hq

_ q

< lyn =Pl + qotnllAnxn) = Ynlllyn =Pl + dgoed | Anxn) = yn |
q
< e =7|" Ze Jan 20907 e — o

_ q
+qon [|(Anxn) = Ynllllyn —p[19 T+ dqcxgH(}‘“X“) —UnH |

Thus, we get

Ze [qpf‘ -1_ mfl)qdqeg_lwxn—ﬂxn”q

q _
< e =p||" =[x =] "+ qonll ) = ynlllyn =PI + dg o) =y 9.

Since {yn} and {(Anxn)} are bounded, then there exists a constant K > 0 such that for every i,1 <i<m,

m

>0 ani ! =294 07 xn — Toxn |9 < fxn =PI = xns1 =9 + atnK. (3.6)
i=1

Now we prove that {x } converges strongly to x*. We divide the proof into two cases.

Case 1. Assume that the sequence {||x, — p||} is monotonically decreasing. Then {||x,, —p||} is convergent.
Clearly, we have

[xn =PI = i1 —p[T =0,

It then implies from (3.6) that

-1 —1 —1 q
T}gr;OZe [quﬁ (m )qdqﬁiq ]Hxn—Tian =0.
Since qud ' —2(m=14q.097" >0, Yi=1,..., m, we have
lim Hxn—nxn” —0. (3.7)

n—oo

Now, using the fact that ) " ,0; = 1, we have,

m
|zn = xn ] = [80xn + Y 0:Tixn —xn |l < [Tixn —Xall.
i=1

Therefore, from (3.7) we have

lim ||zn —xnl| =0.
n—oo

Next, we prove that limsup, ,, (x*,Jo(x* —xn)) < 0. Since E is reflexive and {xn }n>0 is bounded there
exists a subsequence {xn,} of {xn} such that x,,; converges weakly to a in C and

lilriitg)(x Jelx —xn)>—]gr+n (X", Jo (X" —xn;))-



T. M. M. Sow, J. Nonlinear Sci. Appl., 17 (2024), 70-81 78

m
From (3.7) and I —T; being demiclosed, we obtain a € () Fix(T;). Let j > 0, by using Lemma 2.9, the fact
i=1

that Q¢ (I —njA;j) is nonexpansive, and (3.5), we have

lyn =PI = lIBozn + Z BiQc(I—mjAj)zn — P

j=1
2 - 2
< Bollzn —PI°+ Z B;[1Qc(I—=m;A5)zn —plI” — BoBjg1([|Qc(I—mjAj)zn —zn||)
j=1

< [[%n = pI* — BoBj 91 (IQc(I—mA})zn — zn ).

Hence,
X1 _sz = |lotn (Anxn) + (1 — on)yn _pHZ
= H‘ann(Xn _P) +(1— “n)(yn _P) - —M)%PHZ

|on (Anxn - Anp) +(1— O‘n)( —p) HZ +2(1—=An)oen (p, J(P — Xn41))
“nleHXn P”2 (1—oan)l[yn — PH2 +2(1=An)oen (p, J(P — Xn1))

N

onAn|[xn — p”z +(1—an) {”Xn_pnz_BOBle(HQC(I_njAJ‘)Zn_Zn”)]
+2(1=An)an(p, J(p —xn+1))

<O —(1—=An)on]|xn — pHZ 1_0(71)[30[3]91 Qc(I Aj)Zn_ZnH)
+2(1 = A)on(p, J(p — Xn+1))-

Since {xn} is bounded, then there exists a constant D > 0 sucht that

(1= on)BoBig1(|Qc(I—MjA))zn — zal]) < [Xn — Pl = [IXn+1 — P> + anD.

Thus we have
lim g1(1Qc(I-1jAj)zn —zn]) =0

Using property of g;, we have
Jim {|Qc(I=njAj)zn —znll = 0. (3.8)

From (3.8) and Lemma 2.4, we obtain a € []Fix(Qc(I —mnjA;j)). Using Lemma 2.11, we have a ¢
i=1

(1 VI(C, A;). Therefore, a € T. On the other hand, using x* = Qr(0) and the assumption that the duality
i=1
mapping J, is weakly continuous, we have,

limsup(x*, J (x* —xn)) = lim (x*,Jo (X" —xn;)) = (x*,Jo(x" —a)) <O0.
n—-+o0 j—+oo
Finally, we show that x,, — x*. In fact, since ®(t f o ¢(o)do, Vt > 0, and ¢ is a gauge function, then

for1>k >0, ®(kt) < k®(t). From (3.1) and Lemma 2.5, we get that

(D(Hxn+1_X*”) ||O‘n nxn)‘i‘(l_“n)yn_x*”

ol
< O([JoenAn (xn —x") + (1 —an) (yn —x)|) + AnJon (X", Jo (X" —%Xn41))
< O(onAnlxn — x|+ [[(1— otn) (Yyn — x* H 1 An)on (X%, T (X" —Xn1))
< O(onAnfxn =x [+ (1= an)fxn =x[) + (1 = An)on (x*, Jo (x* —Xn 1))
S O((1T—(1—=An)on)|[xn —x])) + (1 —Ap )(xn(x*,](p(x*—an»
ST —(1—=A)on]D(||xn —x*|)) + (T = An)an (x*, J (X" —Xni1)).

From Lemma 2.7, its follows that x,, — x*.
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Case 2. Suppose that Case 1 fails. Set By, = [[xn —x*| and T : N — IN be a mapping for all n > ny
(for some ng large enough) by t1(n) = max{k € N : k < n, By < By;1}. We have T is a non-decreasing
sequence such that T(n) — oo as n — oo and B() < Br(n)41 for n > ngp. Let i € IN¥, from (3.6), we have

5o aus 2 e |

The last inequality imphes

q
Xr(n) — lXt(n) H < e K

1 -1 -1 q
T}gréo Z?\ [quﬁ (m=1Jaq Ad ”x —T;r(n)H =0.
Since qui ™ 1 _p(m-1) qdq)\g—l >0, Vi=1,...,m, we have
q
lim ||Jxein) — Tt(n )H —0.
n—oo
By same argument as in Case 1, we can show that limsup. ), (X", Jo (X" = X¢(n))) < 0. We have for
alln > ny,
0< HXT J+1 — X H (HXT(TL) _X*H) < (1_AT(n)>Cx'c(n)[_(D(HXT(n) _X*H)+<X*/](P(X*_X1(n)+1)>]/
which implies that
(D(HXT(TI) —x" H) < <X*/ Icp (X* - XT(n)Jrl))'
Then, we have
Hm ®({[xmn)—x"||) =0. (3.9)
n—oo
Using properties of @, (3.9), and the fact that B () = [[x(n) — X*||, we have
i B - B 10
We have for all n > ny,
0<Bn < maX{BT(n)/ BT(n)+l} = Br(n)+1-
Hence, limy oo B, =0, that is {x,,} converges strongly to x*. This completes the proof. O

We now apply Theorem 3.1 and Lemma 2.10 for solving system of variational inequalities coupled
with inclusion problems involving a finite family of accretive operators.

Theorem 3.2. For q > 1, let E be a q-uniformly smooth and uniformly convex real Banach space having a weakly
continuous duality map ],. Let C be a nonempty, closed convex cone of E and Qc be a sunny nonexpansive

. . , ) oG\ g1
retraction from E onto C. Let Aj : C — E being -inverse strongly accretive and n; € {a, (%) ‘ 1] for some
q

a > O Let By D(Bi) C C — 2F be an accretive operator such that D(B;) C C C (V=0 R(I+1By) such that
M= ﬂ VI(C,A5)N ﬂ Bi 10 # 0. Let {xn} be a sequence defined as follows:

j=1 i=
xo € C, chosen arbitrarily,
Zn = Goxn + Zlnl 04 ]E-an
yn—BOZn+Z 1[3 QC( )Zn/

Xn+1 = an()\nxn) (1 - “n)yn/

Yt,0i=1, Z;')io Bi =1, {on} C (0,1), and {An} C (0,1). Assume that the above control sequences satisfy
the following conditions:

(3.10)

(1) Iimp oo xn =0;
(i) impyooAn =1 and Y 57 5(1—An)an = co.

Then, the sequence {xn } generated by (3.10) converges strongly to x* € I, where x* = Qr(0).
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4. Application to systems of constrained convex minimization problems

In this section, we study the problem of finding a common solution of an infinite family of con-
vex minimization problems coupled with fixed point problem involving finite family of demicontractive
mappings in real Hilbert spaces. Precisely, find an x* with the property:

x* e (ﬂargminxec gj(x)> ﬂ ﬂFix(Ti). 4.1)
i=1

j=1

Lemma 4.1 (Baillon and Haddad, [4]). Let H be a real Hilbert space, g a continuously Fréchet differentiable
convex functional on H, and Vg the gradient of g. If Vg is -Lipschitz continuous, then Vg is o-inverse strongly
monotone.

Remark 4.2. A necessary condition of optimality for a point x* € C to be a solution of the minimization

o0 m
problem (4.1) is that x* € ( N VI(Vgj, C)) N N Fix(Ty).
j=1 i=1
Hence, one has the following result.

Theorem 4.3. Let H be a real Hilbert space. Let C be a nonempty closed convex cone of H. Let g; : C — R be a
1
continuously Fréchet differentiable convex functional on C with a ;-Lipschitz continuous Vg;. Let Ty : C — C

j
be a ki-demicontractive and 1 — T; is demiclosed at 0. Assume that the Problem (4.1) is consistent. Let {xn} be a
sequence defined as follows:

xo € C, choosen arbitrarily,

zZn = 0pxn + 2111 0iTixn,

Yn = Bozn + 3724 BjPc(I—m;Vgj)zn,
Xn+1 = O‘n(}\nxn) + (1 - (xn)yn-

(4.2)

Assume that the above control sequences satisfy the following conditions:

(i) Zite6:i=1, X2 Bi =1, nj €0,205];
(iil) imp oo An = land 3 2°_(1— Ay )otn = oco.

Then, the sequence {xn } generated by (4.2) converges strongly to a solution of Problem (4.1).

Proof. We set H = E, Pc = Q¢, and Vgj = Aj, into Theorem 3.1. Then, the proof follows from Theorem
3.1 and Remark 4.2. ]
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