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Abstract

In this paper, a new class of generalized nonlinear complementarity
problems is introduced and studied, and an iterative algorithm, called
the three-step iteration scheme with errors, is suggested. The existence
and uniqueness of solution for the generalized nonlinear complementar-
ity problem and the convergence, stability and weak stability of iterative
sequence generated by the algorithm are given.
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1 Introduction and Preliminaries

It is known that the variational inequality theory and complementarity theory
have lots of applications in diverse fields of mathematical, regional, physi-
cal, and engineering sciences (see [1], [3], [7]-[12], [14], [15] and the refer-
ences therein). The convergence, stability and weak stability of the Mann
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and Ishikawa iterative procedures for several kinds of nonlinear mappings and
equations were studied by several researchers ([2], [4]-[6], [13], [16]). Bokhoven
[14] used first the change of variables technique to study a class of linear com-
plementarity problems in R

n. Later, Ahmad, Kazmi and Rehman [1] modified
the change of variables technique to suggest some iterative methods for solv-
ing to the implicit complementarity problem in Hilbert spaces. Liu and Kang
[7] discussed the convergence and stability of a perturbed three-step iterative
algorithm for a class of completely generalized nonlinear quasi-variational in-
equalities.

Inspired and motivated by the research work in [1]-[16], in this paper, we in-
troduce and study a new class of generalized nonlinear complementarity prob-
lems in Hilbert spaces. Using the change of variables technique, we prove
that the generalized nonlinear complementarity problem and the fixed point
problem are equivalent. Using this equivalence, we suggest and analysis a new
unified and general algorithm, which is called the three-step iteration scheme
with errors, for computing the approximate solution of the generalized non-
linear complementarity problem. Under certain conditions, we establish the
existence and uniqueness of solution of the generalized nonlinear complemen-
tarity problem, and the convergence, stability and weak stability of iterative
sequence generated by the algorithm. Our results are extensions and improve-
ments of previously known results.

Let H be a Hilbert space on which the inner product and norm are denoted
by 〈·, ·〉 and ‖ · ‖ respectively. Let K be a nonempty closed convex cone of
H, K∗ = {y ∈ H : 〈y, x〉 ≥ 0, ∀x ∈ K} denote the convex polar cone of K in
H and PK stand for the projection of H onto K. Assume that T, A : H → H
and N : H × H → H are mappings. We now consider the problem of finding
u ∈ H such that

u ∈ K, N(Tu, Au) ∈ K∗ and 〈N(Tu, Au), u〉 = 0, (1.1)

which is called the generalized nonlinear complementarity problem.
Related to the generalized nonlinear complementarity problem (1.1), we

consider the generalized nonlinear variational inequality as follows:

Find u ∈ K such that 〈N(Tu, Au), v − u〉 ≥ 0, ∀ v ∈ K. (1.2)

It is worth mentioning that problem (1.1) can be written as

u ∈ K, v = N(Tu, Au) ∈ K∗ and 〈v, u〉 = 0. (1.3)

Let us recall the following concepts and results. For each u ∈ H , we define
the absolute value of u as follows:

|u| = u+ + u−, u+ = sup{0, u} and u− = − inf{0, u}.
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It is known that for any arbitrary element u ∈ H , we get that u = u+ + u−

and 〈u+, u−〉 = 0. For all z ∈ H , we consider the following change of variables:

u =
|z| + z

2
= z+ = PK(z), v =

|z| − z

ρ
=

2z−1

ρ
=

2

ρ
(PK(z) − z), (1.4)

where ρ > 0 is a constant.

Lemma 1.1. [3] Let z be an arbitrary element in H and K be a closed
convex set of H. Then u ∈ K satisfies the inequality 〈u− z, v − u〉 ≥ 0 for all
v ∈ K if and only if u = PK(z). Moreover, PK is nonexpansive.

Lemma 1.2. [15] Let K be a closed convex cone of H. Then
(a) 〈PK(x) − x, y〉 ≥ 0, ∀ (x, y) ∈ H × K;
(b) 〈PK(x) − x, PK(x)〉 = 0, ∀x ∈ K.

Lemma 1.3. [4] Let {an}n≥0, {bn}n≥0 and {cn}n≥0 be nonnegative sequences
satisfying

an+1 ≤ (1 − tn)an + tnbn + cn, ∀n ≥ 0,

where {tn}n≥0 ⊂ [0, 1],
∑∞

n=0 tn = ∞, limn→∞ bn = 0 and
∑∞

n=0 cn < ∞. Then
limn→∞ an = 0.

Lemma 1.4. Let K be a closed convex cone of H, t and ρ be positive con-
stants with t ≤ 1. Then the following statements are equivalent each other:

(a) the generalized nonlinear complementarity problem (1.1) has a solution
u ∈ K;

(b) the generalized nonlinear variational inequality (1.2) has a solution u ∈
K;

(c) there exists an element u ∈ Ksuch that

u = PK

(
u − 1

2
ρN(Tu, Au)

)
; (1.5)

(d) the mapping G : H → H defined by

G(z) = (1 − t)z + t
(
z+ − 1

2
ρN(Tz+, Az+)

)
, z+ = PK(z), ∀ z ∈ H (1.6)

has a fixed point z ∈ H. Moreover, u = PK(z).

Proof. We first assume that problem (1.1) has a solution u ∈ K. Since
N(Tu, Au) ∈ K∗, it follows that

〈N(Tu, Au), v − u〉 = 〈N(Tu, Au), v〉 − 〈N(Tu, Au), u〉
= 〈N(Tu, Au), v〉 ≥ 0, ∀ v ∈ K.
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That is, problem (1.2) has a solution u ∈ K.
Conversely, suppose that problem (1.2) has a solution u ∈ K. Then 2u and

0 are in K. Taking v = 2u and v = 0 in (1.2), respectively, we have

〈N(Tu, Au), u〉 ≥ 0 and 〈N(Tu, Au), u〉 ≤ 0,

which imply that 〈N(Tu, Au), u〉 = 0. It follows that

0 ≤ 〈N(Tu, Au), v − u〉 = 〈N(Tu, Au), v〉, ∀ v ∈ K,

that is, N(Tu, Au) ∈ K∗. Therefore, problem (1.1) has a solution u ∈ K.
It follows from Lemma 1.1 that u ∈ K is a solution of problem (1.2) if and

only if 〈
u −

(
u − 1

2
ρN(Tu, Au)

)
, v − u

〉
≥ 0, ∀ v ∈ K

⇔ u = PK

(
u − 1

2
ρN(Tu, Au)

)
.

We next assume that (c) holds. Put

z = u − 1

2
ρN(Tu, Au) (1.7)

In view of (1.4) and (1.5), we know that (1.7) can be written as:

z = z+ − 1

2
ρN(Tz+, Az+), (1.8)

where z+ = PK(z). Note that t ∈ (0, 1]. Hence (1.8) is equivalent to

z = (1 − t)z + t
(
z+ − 1

2
ρN(Tz+, Az+)

)
∈ G(z).

Consequently, (d) holds.
We finally assume that (d) holds. Using (1.4), we conclude that the follow-

ing statements are true:

z ∈ G(z) ⇔ z = z+ − 1

2
ρN(Tz+, Az+)

⇔ z−1 =
1

2
ρN(Tz+, Az+)

⇔ v = N(Tu, Au).

(1.9)

By virtue of (1.4), (1.9) and (a) of Lemma 1.2, we infer that u = PK(z) ∈ K
and v = N(Tu, Au) ∈ K∗. On the other hand, (1.4), (1.9) and (b) of Lemma
1.2 ensure that

〈N(Tu, Au), u〉 = 〈v, u〉 =

〈
2

ρ
(PK(z) − z), PK(z)

〉
= 0.

Therefore, (a) holds. This completes the proof.
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Invoking Lemma 1.4, we suggest the following three-step iteration scheme
with errors for the generalized nonlinear complementarity problem (1.1):

Algorithm 1.5. Let K be a closed convex cone of H and T, A : H → H
and N : H × H → H be mappings. Given z0 ∈ H, compute the sequence
{zn}n≥0 by the iterative schemes

xn = (1 − γn)zn + γn

(
z+

n − ρ

2
N(Tz+

n , Az+
n )

)
+ sn, z+

n = PK(zn),

yn = (1 − βn)zn + βn

(
x+

n − ρ

2
N(Tx+

n , Ax+
n )

)
+ qn, x+

n = PK(xn),

zn+1 = (1 − αn)zn + αn

(
y+

n − ρ

2
N(Ty+

n , Ay+
n )

)
+ pn, y+

n = PK(yn) (1.10)

for all n ≥ 0, and {sn}n≥0, {qn}n≥0 and {pn}n≥0 are the sequences of the
elements of H introduced to take into account possible inexact computations,
and the sequences {αn}n≥0, {βn}n≥0 and {γn}n≥0 satisfy

0 ≤ αn, βn, γn ≤ 1 for all n ≥ 0 and

∞∑
n=0

αn = ∞ (1.11)

Definition 1.6. Let A : H → H be a mapping. A mapping N : H × H →
H is said to be

(1)r-strongly monotone with respect to A in the first argument if there
exists a constant r > 0 such that 〈N(Ax, z) − N(Ay, z), x − y〉 ≥ r‖x − y‖2

for all x, y, z ∈ H ;
(2) α-Lipschitz continuous in the first argument if there exists a constant

α > 0 such that ‖N(x, z) − N(y, z)‖ ≤ α‖x − y‖ for all x, y ∈ H .

It follows from (1) and (2) that α ≥ γ. Similarly, we can define the Lipschitz
continuity of N in the second argument.

Definition 1.7. ([2], [16]) Let T : H → H be a mapping and {αn}n≥0 be
a sequence in [0, 1]. Assume that x0 ∈ H and xn+1 = f(T, αn, xn) define an
iteration procedure which yields a sequence of points {xn}n≥0 ⊂ H . Suppose
that F (T ) = {x ∈ H : x = Tx} 
= ∅ and {xn}n≥0 converges to some u ∈ F (T ).
Let {zn}n≥0 be an arbitrary sequence in H and εn = ‖zn+1 − f(T, αn, zn)‖ for
all n ≥ 0. If limn→∞ εn = 0 implies that limn→∞ zn = u, then the iteration
procedure defined by xn+1 = f(T, αn, xn) is said to be T -stable or stable with
respect to T . If εn = ε′n + ε′′n with

∑∞
n=0 ε′n < ∞ and ε′′n = lnαn for all n ≥ 0

and limn→∞ ln = 0 implies that limn→∞ zn = u, then the iteration procedure
{xn}n≥0 is said to be weakly T -stable.

Zhou, Chang and Cho [16] pointed out that T -stability implies weak T -
stability. Harder and Hicks [2] proved how such a sequence {zn}n≥0 could arise
in practice and demonstrated the importance of investigating the stability of
various iterative schemes for various classes of nonlinear mappings.
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2 Convergence, Stability and Weak Stability

We now study the existence and uniqueness of solution of the generalized non-
linear complementarity problem (1.1) and establish the convergence, stability
and weak stability of iterative sequences of generated by Algorithm 1.5

Theorem 2.1. Let K be a closed convex cone of H and T, A : H → H
be α-Lipschitz continuous and β-Lipschitz continuous, respectively. Let N :
H × H → H be γ-Lipschitz continuous in the first argument and δ-Lipschitz
continuous in the second argument, and h-strongly monotone with respect to
T in the first argument. Assume that

θ =
1

2
ρδβ +

√
1 − ρh +

1

4
ρ2γ2α2, (2.1)

lim
n→∞

βn‖sn‖ = lim
n→∞

‖qn‖ = 0 (2.2)

and one of the conditions (2.3) and (2.4) below holds:

∞∑
n=0

‖pn‖ < ∞, (2.3)

there exists a nonnegative sequence {dn}n≥0 such that

‖pn‖ = dnαn for all n ≥ 0 and lim
n→∞

dn = 0.
(2.4)

Let {fn}n≥0 be an arbitrary sequence in H and define {εn}n≥0 ⊂ [0, +∞) by

εn =
∥∥∥fn+1 −

[
(1 − αn)fn + αn

(
g+

n − 1

2
ρN(Tg+

n , Ag+
n )

)
+ pn

]∥∥∥,

gn = (1 − βn)fn + βn

(
h+

n − 1

2
ρN(Th+

n , Ah+
n )

)
+ qn,

hn = (1 − γn)fn + γn

(
f+

n − 1

2
ρN(Tf+

n , Af+
n )

)
+ sn,

g+
n = PK(gn), h+

n = PK(hn), f+
n = PK(fn) (2.5)

for all n ≥ 0. If there exists a positive constant ρ satisfying

ρδβ < 2 (2.6)

and one of the following conditions

δβ < h, ρ < 4(h − δβ)(γ2α2 − δ2β2)−1, (2.7)

αγ < δβ, ρ > 4(δβ − h)(δ2β2 − α2γ2)−1, (2.8)
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then

(a) the mapping G defined by (1.6) has a unique fixed point z ∈ H;
(b) the sequence {zn}n≥0 generated by Algorithm 1.5 converges strongly to

z;
(c) the sequence {zn}n≥0 generated by Algorithm 1.5 is weakly G-stable.

Proof. We first prove that (a) holds. Let x, y be arbitrary elements in H . Since
N is γ-Lipschitz continuous in the first argument and δ-Lipschitz continuous
in the second argument, and h-strongly monotone with respect to T in the
first argument, we deduce immediately that

‖x+ − y+ − 1

2
ρ(N(Tx+, Ax+) − N(Ty+, Ax+))‖2

= ‖x+ − y+‖2 − ρ〈N(Tx+, Ax+) − N(Ty+, Ax+), x+ − y+〉
+

1

4
ρ2‖N(Tx+, Ax+) − N(Ty+, Ax+)‖2

≤
(
1 − ρh +

1

4
ρ2γ2α2

)
‖x+ − y+‖2 (2.9)

and

‖N(y+, Ax+) − N(y+, Ay+)‖ ≤ δβ‖x+ − y+‖. (2.10)

Using (1.6), (2.1), (2.9), (2.10) and the nonexpansivity of PK , we infer that

‖G(x) − G(y)‖
=

∥∥∥(1 − t)(x − y) + t
[
x+ − y+ − 1

2
ρ(N(Tx+, Ax+) − N(Ty+, Ay+))

]∥∥∥
≤ (1 − t)‖x − y‖ + t

∥∥∥x+ − y+ − 1

2
ρ(N(Tx+, Ax+) − N(Ty+, Ax+))

∥∥∥
+

1

2
tρ‖N(Ty+, Ax+) − N(Ty+, Ay+)‖

≤ (1 − t)‖x − y‖ + t

(√
1 − ρh +

1

4
ρ2γ2α2 +

1

2
ρδβ

)
‖x+ − y+‖

= (1 − t)‖x − y‖ + tθ‖PK(x) − PK(y)‖
≤ (1 − t(1 − θ))‖x − y‖.

Notice that (2.1) and (2.6) mean that

θ < 1 ⇔ 1 − ρh +
1

4
ρ2γ2α2 < 1 − ρδβ +

1

4
ρ2δ2β2

⇔ 1

4
ρ2(γ2α2 − δ2β2) < ρ(h − δβ).

(2.11)



1348 Zeqing Liu and Shin Min Kang

Now we consider the following three cases:
Case 1. Suppose that δβ < h. Note that γα ≥ h. Then (2.11) implies that

θ < 1 ⇔ ρ < 4(h − δβ)(γ2α2 − δ2β2)−1.

Case 2. Suppose that δβ = h. Since γα ≥ h, it follows from (2.11) that

θ < 1 ⇔ 0 ≤ 1

4
ρ2(γ2α2 − δ2β2) < ρ(h − δβ) = 0,

which is a contradiction.
Case 3. Suppose that δβ > h. If γα ≥ δβ, then (2.11) means that

θ < 1 ⇔ 0 ≤ 1

4
ρ2(γ2α2 − δ2β2) < ρ(h − δβ) < 0,

which is impossible. Hence γα < δβ. According to (2.11), we get that

θ < 1 ⇔ ρ > 4(δβ − h)(δ2β2 − γ2α2)−1.

Thus θ < 1 is equivalent to (2.7) and (2.8). It follows from (2.7), (2.8) and
t ∈ (0, 1] that 1 − t(1 − θ) < 1. Hence G has a unique fixed point z ∈ H .

We next prove that (b) holds. Since z is the unique fixed point of G, we
have

z = (1 − γn)z + γn

(
z+ − ρ

2
N(Tz+, Az+)

)
,

= (1 − βn)z + βn

(
z+ − ρ

2
N(Tz+, Az+)

)
,

= (1 − αn)z + αn

(
z+ − ρ

2
N(Tz+, Az+)

)
, (2.12)

where z+ = PK(z). From (1.10), (2.9), (2.10) and (2.12), we conclude that

‖xn − z‖

=
∥∥∥(1 − γn)(zn − z)

+γn

[
z+

n − z+ − 1

2
ρ(N(Tz+

n , Az+
n ) − N(Tz+, Az+))

]
+ sn

∥∥∥
≤ (1 − γn)‖zn − z‖

+γn

∥∥∥z+
n − z+ − 1

2
ρ(N(Tz+

n , Az+
n ) − N(Tz+, Az+

n ))
∥∥∥

+
1

2
γnρ‖N(Tz+, Az+

n ) − N(Tz+, Az+)‖ + ‖sn‖
≤ (1 − γn)‖zn − z‖ + γnθ‖z+

n − z+‖ + ‖sn‖
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≤ (1 − γn(1 − θ))‖zn − z‖ + ‖sn‖
≤ ‖zn − z‖ + ‖sn‖.

Similarly, we have

‖yn − z‖ ≤ (1 − βn)‖zn − z‖ + βnθ‖x+
n − z+‖ + ‖qn‖

≤ ‖zn − z‖ + βn‖sn‖ + ‖qn‖
and

‖zn+1 − z‖
≤ (1 − αn)‖zn − z‖ + αnθ‖y+

n − z+‖ + ‖pn‖

≤ (1 − αn(1 − θ))‖zn − z‖ + αn(βn‖sn‖ + ‖qn‖) + ‖pn‖. (2.13)

Suppose that (2.3) holds. Set an = ‖zn−z‖, bn = (1 − θ)−1(βn‖sn‖+‖qn‖),
cn = ‖pn‖ and tn = (1 − θ)αn for all n ≥ 0. It follows from (1.11), (2.2), (2.3)
and (2.13) and Lemma 1.3 that limn→∞ zn = z.

Suppose that (2.4) holds. Put an = ‖zn −z‖, bn = (1 − θ)−1(βn‖sn‖+‖qn‖
+dn), cn = 0 and tn = (1 − θ)αn for all n ≥ 0. According to (1.11), (2.2), (2.4)
and (2.13) and Lemma 1.3, we conclude that limn→∞ zn = z.

We finally prove that (c) holds. Suppose that εn = ε′n + ε′′n with
∑∞

n=0 ε′n <
∞ and ε′′n = lnαn for all n ≥ 0 and limn→∞ ln = 0. As in the proofs of (a) and
(b), from (2.5) and (2.12) we infer that

∥∥∥(1 − αn)fn + αn

(
g+

n − 1

2
ρN(Tg+

n , Ag+
n )

)
+ pn − z

∥∥∥
≤ (1 − αn)‖fn − z‖

+αn

∥∥∥g+
n − z+ − 1

2
ρ(N(Tg+

n , Ag+
n ) − N(Tz+, Ag+

n ))
∥∥∥

+
1

2
αnρ‖N(Tz+, Ag+

n ) − N(Tz+, Az+)‖ + ‖pn‖

≤ (1 − αn)‖fn − z‖ + αnθ‖gn − z‖ + ‖pn‖ (2.14)

and
‖gn − z‖ ≤ (1 − βn)‖fn − z‖ + βnθ‖hn − z‖ + ‖qn‖,

‖hn − z‖ ≤ (1 − γn)‖fn − z‖ + γnθ‖fn − z‖ + ‖sn‖. (2.15)

Substituting (2.15) into (2.14), we have

∥∥∥(1 − αn)fn + αn

(
g+

n − 1

2
ρN(Tg+

n , Ag+
n )

)
+ pn − z

∥∥∥
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≤ (1 − αn(1 − θ))‖fn − z‖ + αn(βn‖sn‖ + ‖qn‖) + ‖pn‖. (2.16)

In view of (2.5) and (2.16), we obtain that

‖fn+1 − z‖

≤ εn +
∥∥∥(1 − αn)fn + αn

(
g+

n − 1

2
ρN(Tg+

n , Ag+
n )

)
+ pn − z

∥∥∥

≤ (1 − αn(1 − θ))‖fn − z‖ + αn(βn‖sn‖ + ‖qn‖) + ‖pn‖ + εn. (2.17)

Suppose that (2.3) holds. Let an = ‖fn − z‖, tn = (1 − θ)αn, bn = (1 −
θ)−1(βn‖sn‖+‖qn‖+ ln), cn = ‖pn‖+ε′n for each n ≥ 0. It follows from (1.11),
(2.2), (2.3), (2.17) and Lemma 1.3 that limn→∞ fn = z.

Suppose that (2.4) holds. Let an = ‖fn − z‖, tn = (1 − θ)αn, bn = (1 −
θ)−1(βn‖sn‖ + ‖qn‖ + ln + ‖pn‖), cn = ε′n for each n ≥ 0. Using (1.11), (2.2),
(2.4), (2.17) and Lemma 1.3, we know that limn→∞ fn = z. This completes
the proof.

Remark 2.2. Under the assumptions of Theorem 2.1, by Lemma 1.4 we
know that the generalized nonlinear complementarity problem (1.1) has a
unique solution u = PK(z) = limn→∞ PK(zn), where z is the unique fixed
point of G and {zn}n≥0 satisfies (1.10).

We next study the stability of the three-step iteration sequence generated
by Algorithm 1.5.

Theorem 2.3. Let K, N , T , A and θ be as in Theorem 2.1 and (2.2) and
(2.5) hold. Suppose that

lim
n→∞

‖pn‖ = 0 (2.18)

and

there exists a constant s ∈ (0, 1) such that αn ≥ s for all n ≥ 0. (2.19)

If there exists a constant ρ > 0 satisfying (2.6) and one of (2.7) and (2.8), then
(a) the mapping G defined by (1.6) has a unique fixed point z ∈ H and the

sequence {zn}n≥0 generated by Algorithm 1.5 converges strongly to z;

(b) limn→∞ fn = z if and only if limn→∞ εn = 0.

Proof. Let dn = ‖pn‖α−1
n for all n ≥ 0. Then (2.18) and (2.19) yield that (2.4)

holds. Thus the conclusion of (a) follows from (a) and (b) of Theorem 2.1. It
is easy to verify that (2.16) and (2.17) hold.
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Suppose that limn→∞ fn = z. Then (2.2), (2.16), (2.18) and (2.19) ensure
that

εn ≤ ‖fn+1 − z‖ +
∥∥∥(1 − αn)fn + αn

(
g+

n − 1

2
ρN(Tg+

n , Ag+
n )

)
+ pn − z

∥∥∥
≤ ‖fn+1 − z‖ + (1 − αn(1 − θ))‖fn − z‖ + αn(βn‖sn‖ + ‖qn‖) + ‖pn‖

≤ ‖fn+1 − z‖ + (1 − s(1 − θ))‖fn − z‖ + βn‖sn‖ + ‖qn‖ + ‖pn‖
→ 0

as n → ∞. That is, limn→∞ εn = 0.
Conversely, suppose that limn→∞ εn = 0. Then (2.2) and (2.17)-(2.19)

imply that
‖fn+1 − z‖

≤ (1 − αn(1 − θ))‖fn − z‖ + αn(βn‖sn‖ + ‖qn‖) + ‖pn‖ + εn

≤ (1 − s(1 − θ))‖fn − z‖ + βn‖sn‖ + ‖qn‖ + ‖pn‖ + εn. (2.20)

Put an = ‖fn − z‖, bn = s−1(1− θ)−1(βn‖sn‖+ ‖qn‖ + ‖pn‖ + εn), cn = 0 and
tn = s(1− θ) for all n ≥ 0. It follows from (2.2), (2.18), (2.20) and Lemma 1.3
that limn→∞ fn = z. This completes the proof.

Remark 2.4. Theorem 2.3 reveals that under suitable conditions the three-
step iterative sequence generated by Algorithm 1.5 is G-stable.

References

[1] K. Ahmad, K.R. Kazmi and N. Rehman, Fixed-point technique for implicit
complementarity problem in Hilbert lattice, J. Optim. Theory Appl. 93
(1997), 67–72.

[2] A.M. Harder and T.L. Hicks, Stability results for fixed point iteration
procedures, Math. Japonica 33 (1988), 693–706.

[3] G. Isac, Complementarity problems, Lecture Notes on Mathematics,
Springer Verlag, Berlin, Germany, Vol. 1528, 1992.

[4] L.S. Liu, Ishikawa and Mann iterative processes with errors for nonlinear
strongly accretive mappings in Banach spaces, J. Math. Anal. Appl. 194
(1995), 114–125.

[5] Z. Liu and S.M. Kang, Stability of Ishikawa iteration methods with errors
for strong pseudocontractions and nonlinear equations involving accretive
operators in arbitrary real Banach spaces, Math. Comput. Modelling, 34
(2001), 319–330.



1352 Zeqing Liu and Shin Min Kang

[6] Z. Liu and S.M. Kang, Convergence and stability of the Ishikawa iteration
procedures with errors for nonlinear equations of the φ-strongly accretive
type, Neural. Parallel & Scientific Computations 9 (2001), 103–118.

[7] Z. Liu and S.M. Kang, Convergence and stability of perturbed three-step
iterative algorithm for completely generalized nonlinear quasi-variational
inequalities, Appl. Math. Comput. 149 (2004), 245–258.

[8] Z. Liu and S.M. Kang, Generalized multivalued nonlinear quasi-variational
inclusions, Math. Nachr. 253(2003), 45–54.

[9] Z. Liu and S.M. Kang and J.S. Ume, The solvability of a class of quasi-
variational inequalities, Adv. Nonlinear Var. Inequal. 6 (2003), 69–78.

[10] Z. Liu and S.M. Kang and J. S. Ume, Completely generalized multi-
valued strongly quasivariational inequalities, Publ. Math. Debrecen 62(
2003),187–204.

[11] Z. Liu, J.S. Ume and S.M. Kang, General strongly nonlinear quasi-
variational inequalities with relaxed Lipschitz and relaxed monotone map-
pings, J. Optim. Theory Appl. 114(2002), 639–656.

[12] Z. Liu, J.S. Ume and S.M. Kang, Resolvent equations technique for general
variational inclusions, Proc. Japan Academy, Ser. A 78(2002), 188–193.

[13] Z. Liu, L. Zhang and Y.J. Cho, Convergence and stability of Ishikawa it-
erative methods with errors for quasi-contractive mappings in q-uniformly
smooth Banach spaces, Appl. Anal. 79 (2002), 277–292.

[14] W.M. Van Bokhoven, A class of linear complementarity problems is solv-
able in polynomial time, Tech. Report, Department of Electrical Engineer-
ing, Technical University, Eindhoven, Holland, 1980.

[15] E.H. Zaratonello, Projections on convex sets in Hilbert space and spectral
theory, In: E. H. Zaratonello ed.: Contribution to nonlinear functional
analysis, Academic Press, New York (1971), 237–424.

[16] H.Y. Zhou, S.S. Chang and Y.J. Cho, Weak stability of the Ishikawa it-
eration procedures for φ-hemicontractions and accretive operators, Appl.
Math. Lett. 14 (2001), 949–954.

Received: July 31, 2007


