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A GENERALIZED ITERATIVE ALGORITHM FOR HIERARCHICAL FIXED
POINTS PROBLEMS AND VARIATIONAL INEQUALITIES

VAHID DADASHI* AND SOMAYEH AMJADI

ABSTRACT. In this paper we propose a method for approximating of the common fixed point in

oo

N F(T») where {Ty,} is a countable family of nonexpansive mappings on a closed convex subset C
n=
of a real Hilbert space H. Then, we prove strong convergence theorems with less control conditions

for {T,,} which solves some variational inequality. The main results improve and extend the corre-
sponding results of ”F. Cianciaruso, G. Marino, L. Muglia, and Y. Yao, On a two-step algorithm
for hierarchical fixed point problems and variational inequalities, J. Inequal. Appl., 2009 (2009),
Article ID 208692” and ”Y. Yao, Y.J. Cho, and Y.C. Liou, Iterative algorithms for hierarchical fixed
points problems and variational inequalities, Mathematical and Computer Modelling, 52(9) (2010),
1697-1705”.

1. INTRODUCTION

Let C be a nonempty closed convex subset of a real Hilbert space H with the inner product (., .) and
norm |||, respectively. Recall that a mapping T : C' — C is called nonexpansive if | Tz —Ty|| < ||lz—y||
for all z,y € C and a nonself-mapping f : C — H is called a p—contraction on C' if there exists a
constant p € [0,1) such that ||f(z) — f(v)]| < pllx — y|| for all ,y € C. The set of all fixed points
of T is denoted by F(T'), that is F(T') = {x € C | x = Tx}. Note that each p—contraction f has a
unique fixed point in C, and for any fixed element oy € C, Picard’s iteration z,1 = f™(xg) converges
strongly to a unique fixed point of f. However, a simple example shows that Picard’s iteration cannot
be used in the case of nonexpansive mappings. One method in [6] used for nonexpansive mappings is
to employ a Halpern-type iterative scheme which produces a sequence {xz,} as follows:

1 =x2€C
{ Tn+1 = Bru + (1 - 5n)T-Tn7 n>1, (11)

where u € C' is arbitrary and {3,} C [0,1].
In this paper, we consider the following variational inequalities problem:

Find z* € F(T) such that ((I — S)z*,z — z*) > 0, Va € F(T), (1.2)

where T and S are nonexpansive mappings such that F(7T) is nonempty. It is easy to see that z*
is a solution of the variational inequalities (1.2) if and only if it is a fixed point of the nonexpansive
mapping Pp(r)S, where Pp(r) stands for the metric projection on the closed convex set F/(T).

In 2000, Moudafi [8] introduced a viscosity approximation method for a nonexpansive mapping as
follows:

{ rp=2€C (13)

Tn+1 = 5nf<xn) + (1 - Bn)Txna n>1,

where f is a contractive mapping and {3,} C [0,1]. In a real Hilbert space and under certain control
conditions, he proved the sequence {z,} defined by (1.3) converges strongly to a fixed point of T which
is the unique solution to the variational inequality ((I — f)a*,x —z*) > 0 for all z € F(T).
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Mainge and Moudafi [7] introduced an iterative scheme for approximating a specific solution of a
fixed point problem as follows:

rn=xz€C
Yn = STy + (1 — )Ty, n > 1, (1.4)
Tpt+1 = 5nf(xn) + (1 - 6n)yn7 n>1,

where f is a contractive mapping, {c,}, {8,} C [0,1] and S and T are nonexpansive mappings. They
proved that if the sequence {z,,} given by scheme (1.4) is bounded, then {z,} strongly convergence to
the fixed point of a nonexpansive mapping 7" with respect to a nonexpansive mapping S under some
control conditions on {a,} and {5, }.

Recently, Alimohammady and Dadashi [1] studied the iterative scheme (1.5) for a countable family
of nonexpansive mappings {T,,} as follows:

r1=x€C
Yn = STy + (1 — ) Thxy, n > 1, (1.5)
Tpt+1 = ﬂnf(xn) + (1 - Bn)ynv n>1,

where f is a contractive mapping, {a, }, {f.} C [0,1] and {T,} is a sequence of nonexpansive mappings.
They proved that the iterative scheme (1.5) strongly convergence to a common fixed point of {7},}
with respect to a nonexpansive mapping S.

On the other hand, Cianciaruso et al. in [2] studied the sequence generated by the algorithm

ry=xz€C
Tn+1 = anf(xn) + (1 - an)TyTH n2>1,

where f is a contractive mapping, {ay}, {8.} C [0,1] and S and T are nonexpansive mappings. They
proved the sequence {x,} generated by (1.6) strongly converges to the fixed point of a nonexpansive
mapping T with respect to a nonexpansive mapping S under some control conditions on {c,} and
{Bn}. Also, they show that this fixed point is a unique solution of a variational inequality. Another
results about fixed point and variational inequality problems can be found in [3,4,9] and the references
therein.

Very recently, Yao et al. in [10] introduced another iterative algorithm and proved some strong
convergence results for solving the hierarchical fixed point problem (1.2).

In this paper, inspired and motivated by the above iterative schemes, we introduced and studied
a new composite iterative scheme for countable family of nonexpansive mappings Tj (k € N) with
respect to a finite family of nonexpansive mapping Si(k € {1,2,..., N} for some N € N) as follows:

Tnt1 = Polanf(an) + (1 — an)Thyn), Vn > 1, :
where f is a contractive mapping, {an},{8.} C [0,1] and S;, = S;, mod . In particular, if we take
f =0, then it is reduced to the iterative scheme:

Tn+1 = PC((l - an)Tnyn)7 n Z 17

The main results improve and extend the corresponding results of [2,10]. In particular, It should be
noticed that we prove strong convergence theorems with less control conditions for {T},} which solves
some variational inequality.

2. PRELIMINARIES

In this section, we recall the well known results and give some useful lemmas that will be used in
the next section. Let C' be a nonempty closed convex subset of a real Hilbert space H. For every point
x € H, there exists a unique nearest point in C, denoted by Pc(x), such that

|z = Pe(o)]| < llz —yl, vy € C.

Pc is called the metric projection of H onto C. Recall that, Pc is characterized by the following
Lemma
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Lemma 2.1. Let ¢ € H and z € C be any points. Then z = Po(x) if and only if (x — z,y — z) <0,
vy € C.

Lemma 2.2. [5] Let C' be a nonempty closed convex subset of a real Hilbert space H and letT : C — C
be a nonexpansive mapping with F(T) # 0. If {z,} is a sequence in C weakly converging to x and if
{(I =T)x,} converges strongly to y, then (I —T)x = y; in particular, if y =0, then x € F(T).

Lemma 2.3. Let f : C — H be a contraction with coefficient p € [0,1) and T : C — C be a
nonexpansive mapping. Then,
(i) the mapping (I — f) is strongly monotone with coefficient (1 — p) i.e.

(@ =y, (I =Nz =T = fy) =1 =p)le—yl? Va,y € C;
(ii) the mapping (I —T') is monotone that is
(x—y,(I-T)x—(I-T)y) >0, Va,y € C.
Lemma 2.4. [11] Assume that {a,} is a sequence of nonnegative numbers such that
ant1 < (1 —p)an + 6, V0 >0,

where {v,} is a subsequence in (0,1) and {d,} is a sequence in R such that

0) 3 7 =ce,

(ii) limnsggo% <0 or io: |0n] < 0.

n=1

Then lim «, = 0.
n—oo

3. MAIN RESULTS

In this section, we prove several strong convergence theorems of the iterative scheme (1.7). Through-
out this section, C' is a nonempty closed convex subset of a real Hilbert space H, T}, for each n € N

and S, for each n = 1,2,...; N are nonexpansive mappings of C into itself such that F := (| F(T,)
n=1
is nonempty and f : C' — H be a p—contraction (possibly nonself) with p € [0, 1).

Theorem 3.1. Suppose that {a,} and {B,} are sequences in (0,1) which satisfy in conditions

(o]
(C1) HILH;O an =0, Zan = 00,

n=1

(€2) tim 22—,
n—oo (yp
Then the sequence {x,} generated by (1.7) converges strongly to a point z € F, which is the unique
solution of the variational inequality:

(I—=f)z,z—2)>0, Vx € F. (3.1)

In particular, if f = 0, then {x,} generated by (1.8) converges in norm to the minimum norm
common fized point z of T, n € N, namely, the point z is the unique solution to the quadratic
minimization problem:

z=arg min |z|* (3.2)
z€ N F(Tn)
n=1
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Proof. First, we claim that {z,} is bounded. Indeed, take an arbitrary fixed u € F = (] F(T,) and
n=1
using (C2), we can assume, without loss of generality, that §,, < «,, for all n > 1. From (1.7), we have

s —ul = |Polanf () + (1~ 0)Tup) — Pe(u)]|

06l £ ) — F(0)]| + e F ) — ]+ (1~ 00) [Tt — ]

conplln — ull + o) — ] + (1~ )l — ]

0inpln — ] + [ 0) = ]+ (1= ) B[Sy — ] + (1 = ) (1 = B —
R e

1L—p
1/ (u) — ull + [|Snu — ull }

IN A CIA

IN

IN

I—-p
| [1f () = ull + [|Skw — ull
) 1 _ p Y
which implies that the sequence {z,} is bounded and so are the sequences {f(z,)}, {yn}, {TnZn},
{T»yn} and {Spz,}. Now, we prove that z, — z where, z = Ppf(z). From Lemma 2.1 and set
Up = an f(zn) + (1 — an)Thyn, we get

max { lxn — ul|,

IN

max {||x1 — ul

1<K<N

2041 = 2012 = (Po(un) = tn, Po(un) = 2) + (un — 2, &n41 — 2)

(Up — 2, Tpy1 — 2)

= an(f(zn) = f(2), 241 — 2) + (1 — an)(TnYn — 2, Tny1 — 2) + an(f(2) — 2, Tpt1 — 2)
anpllzn = 2l[|Tns1 — 2| + (1 — @) I T0yn — 2ll|lTns1 — 2|

+an(f(2) — 2, xpnq41 — 2), (3.3)
and hence by the definition of {y,}, we have

IA

IN

1Toyn — 2l < [ Tayn — Toxn|l + | Tazn — 2ol + (|20 — 2|

< ”yn - an + ”Tnzn - zn” + Hxn - ZH

< BullSnxn — ol + | Tnwn — znll + (20 — 2] (3.4)
Also, we have

|Tnzn — 2ol < NTwwn — Tnz|l + |12 — 2ol < 2|20 — 2] (3.5)
Substituting (3.4) and (3.5) into (3.3) to obtain
[Zn+1 = 2[1* < (anp+3(1 = an))llzn = 2ll|znt1 — 2l + (1 = @) Ball Snwn — @nllllzns1 — 2|
+an<f(z) — 2, Tp41 — Z>

anp+3(1 — ay)
< - 5 (”wn =zl + |#nt1 — 2”2) + (1 = o) BullSnan — @all[|#n1 — 2|

+Oén<f(z) — 2, Tp+1 — Z>

So
20, (p—3) + 4) 2(1 — )
fow =2l < (1= 2= DR g gy 2020 s ol - 1
200,
+m<f(z) — 2, Tny1 — 2)

= (1= y)llzn = 2[* + dn

. 20, (p—3)+4 2(1—an)Bn n
which v, = % and 0, = %”Sﬂnxn — zpll|Tnt1 — 2| + #Qc(z) — 2, Tng1 — 2)-

Then, Lemma 2.4 implies that x,, — z as n — oo.

oo
In particular, if f =0, then {x,} generated by (1.8) converges strongly to z € () F(T,) such that
n=1
z is the unique solution of the variational inequality

(z,x —2) >0, Ve € F,
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and hence, for each z € (| F(T,)

n=1

121* < (2, ) < ll2lll-

Then for each x € () F(T3), ||2]|*> < ||z||%, that is, z is the unique solution to the quadratic minimiza-
n=1

tion problem (3.2). O

Corollary 3.2. Let S, T be nonexpansive mapping of C with F(T) # (. Suppose that {ca,} and {5, }

are sequences in (0,1) which satisfy in conditions (C1) and (C2). Then the sequence {z,} generated
by

{ Yn = ﬁnsxn + (1 - ﬁn)x”’ (36)

Tnt+1 = PC(anf(-rn) + (1 - Oén)TZ/n)7 n Z la
converges strongly to a point z € F(T), which is the unique solution of the variational inequality:
(I-flz,z—2)>0, Ve e F(T). (3.7)

In particular, if f =0, then {z,,} generated by (1.8) converges in norm to the minimum norm fixed
point z of T, namely, the point z is the unique solution to the quadratic minimization problem:

_ . 2
e=arg min [l ]|
Proof. 1t is sufficient that assume S,, = S and T}, =T in Theorem 3.1. O

Remark 3.3. It is worth to mention that Yao et al. in [10] proved that the sequence {z,, } generated by
(3.6) converges strongly to a point z € F(T'), which is the unique solution of the variational inequality
(3.7) under control conditions (C1), (C2) and the following conditions

i 12n = Ono1l g B =Bl o s, (3.8)
n—oo [o7% n—o00 n
or
D lan —an 1| <00, Y |By— Bu1| < o0 (3.9)
n=1 n=1

But Corollary 3.2 proves that the sequence {x,,} converges strongly under control conditions (C1) and
(C2) and it does not require conditions (3.8) and (3.9) for convergence.

Theorem 3.4. Suppose that {a,} and {B,} are sequences in (0,1) which satisfy in conditions (C1),
P

! : _ .
(C2 )nll)rgo = T € (0,00);
(©8) tim B =Pl Flon =]

n—oo QDBII

(C4) there exist a constant K > 0 such that L | <K;

L|L _
an | Br Bn-—1! — ’

anfn
Let T be a mapping of C into itself defined by Tz = lim T,z for all z € C and suppose that
n—oo

= Tpz — To
(C5) Zsup {”leln,z € B} < oo for any bounded subset B of C.
n=1

F(T)= () F(T,). Then the sequence {x,} generated by
n=1

Yn = BnSTpn + (1 - ﬂn)xna
{ Tn+1 = PC(anf(xn) + (1 - an)Tnyn)a Vn > 1, (310)

converges strongly to a point * € F, which is the unique solution of the variational inequality

<%(I—f)x*+([—5)z*,y—x*) >0, Vy € F. (3.11)
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Proof. At first, we show that uniqueness of the solution to the variational inequality (3.11) in F(T)).
In fact, suppose that z* and & satisfy in (3.11).Then, since Z satisfy in (3.11), for y = z*, it follows
that
(I - fHz,z—a") <7(I - 98)z,z* — T). (3.12)
Similarly, we have

((I—=fa*,z*—2) <7((I —S)x*, & — ). (3.13)

By (3.12), (3.13) and Lemma 2.3, we get

A=plz-a** < (I-Hz-1-fla"z-2)
= (=2, —2%) = (I = =", 2 —a")
< (I -8z, z"—2)+7(I—S)z", & —z")
= —1((I-8)z—UI-S)z"&—z")
< 0

Hence, * = Z. We can assume from (C2'), without loss of generality, that 5, < (7 4+ 1)a,, for all
n > 1. By a similar argument as that of Theorem 3.1, we have

[#ne1 —ull < (1= (1= pan)llen — ull + anl[ f(u) = ul + (1 — an)BullSu — ull
< (1= (1= p)an)lln — ull + anll f(u) — ull + an(r + 1) Su - u
_ 1f(w) —ull | (7 +D)|[Su—ul
= (== panlon—ul + (1= pa [IH=y DI
< max{”x _UH Hf(u)_ull + (T+1)||Su_u|}
— n I 1 _p 1 _p )

which implies that the sequence {z,} is bounded. Set u,, = ay, f(zn) + (1 — apn)ThYn, then we have

[#ns1 —anll = [Po(un) = Po(un-1)ll < [Jun — un—|
< an| f(@n) = flea-)ll + lan — anall[ f(@n-1) — Ta—1yn—1|
+(1 = a1 T0yn — Tn-1Yn—1l|
< appllzn — znoall + lan — ana[[| f(@n-1) — Tom1yn—1ll + (1 — @) [yn — yn—1]|

+HTnyn71 - Tnflynfln (314)
Also by definition of {y,}, we get

||yn - yn—1|| S ﬁnHSl'n - an—l” + (1 - Bn)”xn - J:n—l” + |ﬁn - 6n—1|||‘5’xn—1 - xn—l”
< lwn = 21|l + 180 = Brn-a||STn—1 — zp_1]|. (3.15)

Set, M = max{sup || f(xn-1) — Tn-1Yn—1ll, [|STn—1 —xn_1||} and substituting (3.15) in (3.14) we have

[Znt1 = @nll < Jlun — up—1l|
< A=A =pan)llen —znal + M[lan — an—1] + |Bn = Bn-1] (3.16)
+||Tnyn71 - Tnflynfln
Qp — Qp— n - Mn—
< (1= (1= pan)lan —oua] + M7+ D) | 22y 1B 2P

Thz—Th_
+au, {sup{”zlzn,zeBH.

Qn
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From (C1), (C3), (C5) and Lemma 2.4, we can deduce that ||z, +1 — x| = 0. By (3.16) and (C4) we
have,

|71 — 20| < [t — 1|

Bn B B

||xn_-73n—1H |:|an _an—1| |/8n_6n—1|:|
<A-1-plap) —F— +M +
(1-(1—pay) 5. 5. 5
+ ||Tnyn—1 - Tn—lyn—1|:|
Bn
Hxn - xnle |: 1 1 :|
=1-(1-pa,) ——+ 1 —-(1-play) | 5= — Ty — Ty
(1= (1= phan) 2 (1= (1= pJa) | 5 = 52— |l =2
—‘rMCkn -|an - an71| + ‘Bn - ﬁn71|- + an, |:||Tnyn1 - Tnlynlll]
L a7LB7L O‘nﬁn
”xn *wn—lH |: 1 1 :| 1
<(A-(1-pay) ——+an |5 — —|zn — Tpe
( ( p) ) 57171 Bn anl Qp || 1”
[ — Oy — Bn-1|] Tnz—T,_
\Ma, |t — an—1| + |Bn — Brn-1] +oa, sup{” 2 n 1z||}
L anﬂ’n i zeB anﬁn
Ty — Ty
< (1= (- ppan 22l o Ko, 2
+M0én _|Oln - O[n—1| + ‘Bn — ﬂn—l|_ + ay, sup { ||TnZ — Tn—lz” } .
L anﬂ’n i z€eB anﬁn
Again, (C1), (C3), (C5) and Lemma 2.4 imply that
. H$n+1 - xn” o . Hun - Un—l” B
Jm g =0, Jim T =0,
and hence by (C2') we get
T TR
n—o00 [a7% ’

It follows from (C1) and (C2) that 8, — 0 and by (3.10), ||y, — x|l — 0 and ||zp+1 — Tnynl| — 0.
Then,

[T — Tpp1ll + 21 — Toynll + 1 Tnyn — Toznl|
|2n — Trp1]l + |Znt1 — Tutnll + |yn — 20| = 0 as n — oo,

therefore, we have
|0 — Tnan || + | Thxn — Ty,
|20 — Tnan| +sup {||Thz — Tz||, z € {zn}} = 0 as n — oco.

lzn — Tz, ||

INIA

By demiclosedness principle, Lemma 2.2, we obtain w,,(x,) C F(T) = (| F(T,). Also
n=1

lyn = Tuynll < lyn — zoll + |20 — Tpsa | + 121 — Togyanll — 0.
From (3.10), we have
xn+1 - PC'<un) — Up + anf(xn) + (1 - an)(Tnyn - yn) + (1 - an)[ﬁnsxn + (1 - Bn)l'n]a
and hence
Tn — xn—‘—l = Tn — PC(un) + Up — Oénf(xn) - (]- - an)(Tnyn - yn) - (1 - an)ﬁnsxn - (1 - an)(l - ﬂn)ajn
= up — Po(un) + an(I = fzn + (1 = an)( = Tp)yn + (1 — an) B (I — S)zn.

Tpn —Tn41

a5, Hence, we obtain

Set v, =

m(“n — Polun]) + (k#)ﬂn([ — Ptn+ (I = To)yn + (I — ).

Bn

Up =
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For any z € ﬂ F(T,,) we have

1 Qp
(U, Ty — 2) = m(un — Po(up), @y — 2) + m(([ — Nxp,xp — 2) (3.17)
—|—5n (I = Tn)yn,xn — 2) + (I = S)xp, xy — 2)
_ mwn — Po(un), Po(tin-1) — Po(un) + Po(un) — 2)
+m<(f— Hen—T—=fz+{T - fz,z, — 2)
g (= Ty = (T = o)z = 2) 4 (T = S)an = (1= S)z+ (I = S)z,0 — 2)
1
— m(un — Po(un), Po(uy) — 2)
iy~ Pl Polun 1) = Po(un)

(07% Ay

(I =fan = (I = flz,zn—2) + ((I=f)z a0 —2)

(1 - O‘n)ﬁn (1 - )ﬂn
1
ﬁn<<[ To)yn — (I = Tn)z, 20 — Yn) + ﬂn«l To)yn — (I = To)z,yn — 2)

H({I = S)xy — (I —8)z,2p — 2) + (I — )z, 2y, — 2)

By Lemma 2.3, we obtain

(et =) > syl = Polun). Pelun-1) = Po(u,)
ond=p) e O
5171 (I =Tn)yn — (I —=T0)z, X — Yn) + (I — Sn)z,xp — 2)
> ﬁw — Poun), Po(un1) — Po(un))
"’m”fﬁn 1=+ (1—Oén)ﬂn<(l )z, zn — 2)

I = Tp)Yn,xn — Sp) + (T — S)z, 2 — 2)
Then it follows that

(A~ an)ba 1

20 — 2| < ol p) [(vn, xn — 2) — mwn — Polup), Po(un_1) — Po(uy))
(I_QT)B”«I £zewn —2) = (I = Tp)yn, o — Szn) — (I — )z, 3 — 2)]
= m (W, @n — 2) = (I = Tp)Yns ¥n — Sx) — (I = S)2, 2 — 2)]
WII tn — Po(un)|| - ﬁ«f e — 2)

Since v, — 0,(I — Tp,)yn — 0, ”"”71:"1” — 0 and wy(x,) C F(T) = ﬂ F(T,), then every weak

cluster point of {z,} is also a strong cluster point. It follows from the boundedness of the sequence
{z,,} that there exists a subsequence {z,, } converging to a point 2’ € H. For all z € F(T), it follows
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from (3.17) that

(1 _ ank)ﬁnk (1 - ank)ﬁnk

<(I - f)xnkvxnk - Z> = o <U7lk’xnk - Z> - a <(I - S)xnk’xnk - Z>
Nk Nk
1 (1—an,)
_7<unk - PC(unk); PC(unk71) - Z> - Tnk«l - Tnk)ynk’xnk - Z>
Nk Nk
1-— 1-—
P T R LT R P
ank ank
1
_a <unk,_Pc(unk)7PC(unk—1)_Pc(unk)>
ngk
(1—ay,)
- o . <(I - Tnk)ynk - (I - Tnk)z7xnk - ynk>
Nk
1- n N 1- n n
< BmmdPue g,y Um0,
O, O,
tn,, — tn,_ || (1 =, )Bn
+ . o — ||unk - Pc(unk)H - o . . <(I_ Tnk)ynmxnk - ank>'
Nk Nk

Letting k — oo, we obtain
(I - fa',2' —2) < —7((I — 8)z,2" — 2).
Thus 2’ is a solution of the variational inequality (3.11) and since (3.11)has the unique solution, it

follows that wy, (z,) = ws(zy,) = {z*} and this ensures that z, — z* as n — oco. O

Corollary 3.5. Suppose that {«,} and {B8,} are sequences in (0,1) which satisfy in conditions (C1),
(C3), (C4), (C5) and

(C2') lim B =1;
n—00 iy

Then the sequence {x,} defined by (1.8) converges strongly to a point z* € F, which is the unique
solution of the variational inequality

(2 = S)z™,y —x*) >0, Vy € F. (3.18)
Proof. 1t is sufficient that assume f =0 and 7 = 1 in Theorem 3.4. g

Corollary 3.6. Let S,T : C — C be two nonexpansive mappings with F(T) # 0. Suppose that {ay,}
and {Bn} are sequences in (0,1) which satisfy in conditions (C1), (C2"), (C3) and (C4). Then the
sequence {x,} defined by (3.6) converges strongly to a point z* € F(T), which is the unique solution
of the variational inequality

(%(I—f)x* +(I-S)z*,y—2") >0, Yy e F(T).

Proof. 1t is sufficient that assume 7T,, = T in Theorem 3.4. g

ACKNOWLEDGMENT

Vahid Dadashi and Somayeh Amjadi are supported by Sari Branch, Islamic Azad University.

REFERENCES

[1] M. Alimohammady and V. Dadashi, Convergence of a generalized iterations for a countable family of nonexpansive
mappings, TIMM. 4(1) (2012), 15-24.

[2] F. Cianciaruso, G. Marino, L. Muglia, and Y. Yao, On a two-step algorithm for hierarchical fixed point problems
and variational inequalities, J. Inequal. Appl., 2009 (2009), Article ID 208692.

[3] V. Dadashi, S. Ghafari, Convergence theorems of iterative approximation for finding zeros of accretive operator and
fixed points problems, Int. J. Nonlinear Anal. Appl., 4(2) (2013) , 53-61.

[4] Y. Dong and X. Zhang, New step lengths in projection method for variational inequality problems, Appl. Math.
Comput. 220(1) (2013), 239-245.



A GENERALIZED ITERATIVE ALGORITHM FOR HIERARCHICAL FIXED POINTS PROBLEMS 63

[5] K. Goebel and W.A. Kirk, Topics in metric fixed point theory, Cambridge Studies in Advanced Mathematics, vol.
28, Cambridge University Press, 1990.
[6] B. Halpern, Fixed points of nonexpanding maps, Bull. Amer. Math. Soc. 220(1) (1967), 957-961.
[7] P.E. Mainge and A. Moudafi, Strong convergence of an iterative method for hierarchical fixed point problems, Pacific
J. Optim. 3 (2007), 529-538.
[8] A. Moudafi, Viscosity approximation methods for fixed point problems, J. Math. Anal. Appl., 241 (2000), 46-55.
[9] X.Qin, M. Shang, H. Zhou, Strong convergence of a general iterative method for variational inequality problems
and fixed point problems in Hilbert spaces, Appl. Math. Comput., 200(1) (2008), 242-253.
[10] Y. Yao, Y.J. Cho, and Y.C. Liou, Iterative algorithms for hierarchical fixed points problems and variational in-
equalities, Mathematical and Computer Modelling, 52(9) (2010), 1697-1705.
[11] H. K. Xu, Iterative algorithm for nonlinear operators, J. Lond. Math. Soc., 2 (2002), 1-17.

DEPARTMENT OF MATHEMATICS, SARI BRANCH, ISLAMIC AZAD UNIVERSITY, SARI, IRAN

*CORRESPONDING AUTHOR: Vahid.Dadashi@iausari.ac.ir



	1. Introduction 
	2. Preliminaries
	3. Main results
	Acknowledgment
	References

