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THE EQUIVALENCE OF MANN ITERATION AND ISHIKAWA

ITERATION FOR A LIPSCHITZIAN ψ− UNIFORMLY

PSEUDOCONTRACTIVE AND ψ− UNIFORMLY ACCRETIVE MAPS

B. E. RHOADES AND ŞTEFAN M. ŞOLTUZ

Abstract. We show that certain Ishikawa iteration and the corresponding Mann iteration

schemes are equivalent when applied to Lipschitzian and ψ−uniformly pseudocontractive or

Lipschitzian ψ− uniformly accretive maps.

1. Introduction

In previous paper [10] the authors established the equivalence of certain Mann and
Ishikawa iteration procedures for Lipschitzian strongly pseudocontractive and strongly
accretive maps. This paper is an extension of some of that work to more general classes
of maps.

Let X be a real Banach space, B a nonempty, convex subset of X, T a selfmap of B.
The Mann iteration scheme, (see [4]), we shall use is one defined by

u0 ∈ B,

un+1 = (1 − αn)un + αnTun, n = 0, 1, 2, ... .
(1)

The Ishikawa iteration scheme is defined, (see [2]), by

x0 ∈ B,

xn+1 = (1 − αn)xn + αnTyn, (2)

yn = (1 − βn)xn + βnTxn, n = 0, 1, 2, ... .

where {αn} , {βn} ⊂ (0, 1) and satisfy

lim
n→∞

αn = 0, lim
n→∞

βn = 0,
∞
∑

n=1

αn = ∞,
∞
∑

n=1

α2
n <∞,

∞
∑

n=1

αnβn <∞. (3)

Moreover, the sequence {αn} from (1) is the same as that in (2). For βn = 0, ∀n ∈ N we
get from (2), Mann iteration.
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The map J : X → 2X
∗

given by Jx := {f ∈ X∗ : 〈x, f〉 = ‖x‖2 , ‖f‖ = ‖x‖}, ∀x ∈
X,is called the normalized duality mapping. The Hahn-Banach theorem assures that

Jx 6= ∅, ∀x ∈ X.

Let Ψ := {ψ | ψ : [0,∞) → [0,∞) is a nondecreasing map such that ψ(0) = 0}.

Definition 1.([5]) Let X be a real Banach space. Let B be a nonempty subset of X .

A map T : B → B is called ψ−uniformly pseudocontractive if there exists a map ψ ∈ Ψ

and a j(x− y) ∈ J(x− y) such that

〈Tx− Ty, j(x− y)〉 ≤ ‖x− y‖2 − ψ(‖x− y‖), ∀x, y ∈ B. (4)

The map S : B → B is called ψ−uniformly accretive if there exists a map ψ ∈ Ψ and

a j(x− y) ∈ J(x − y) such that

〈Sx− Sy, j(x− y)〉 ≥ ψ(‖x− y‖), ∀x, y ∈ B. (5)

Taking ψ(a) := ψ(a) · a, ∀a ∈ [0,∞), (ψ ∈ Ψ), we get the usual definitions of

ψ−strongly pseudocontractivity and ψ−strongly accretivity. Taking ψ(a) := γ ∈ (0, 1),

∀a ∈ [0,∞), (ψ ∈ Ψ), we get the usual definitions of strongly pseudocontractivity and

strongly accretivity.

Let T : [2,∞) → R, T (x) = (x − 2)3/
(

1 + (x− 2)
2
)

, ψ(a) = a2/
(

1 + a2
)

, ψ ∈ Ψ; in

[5] was shown that T is ψ−uniformly pseudocontractive map without being ψ−strongly

pseudocontractive. Let T : [0,∞) → [0,∞), T (x) = x/ (1 + x) , ψ(a) = a2/ (1 + a) , ψ ∈
Ψ; in [7] was shown that T is ψ−strongly psudocontractive map without being strongly

pseudocontractive.

Let us denote by I the identity map.

Remark 2. (i) T is ψ−uniformly pseudocontractive if and only if S = (I − T ) is

ψ−uniformly accretive.

(ii) T is ψ−strongly pseudocontractive map if and only if (I − T ) is ψ−strongly

accretive.

Let F (T ) denote the fixed point set of T. In [10] the equivalence between the conver-

gence of Mann and Ishikawa iterations for a Lipschitzian, strongly pseudocontractive map

was proved. In this paper we show that the convergence of Mann iteration is equivalent to

the convergence of Ishikawa iteration, for Lipschitzian, ψ−uniformly pseudocontractions.

We also prove a similar result for ψ−uniformly accretive maps. This equivalence allows

us that in practical problem to consider only iteration (1) which is more convenient to

use. Iteration (2) will have the same behavior.

The following Lemma is from [11].

Lemma 3. Let {an} be a nonnegative sequence satisfying

an+1 ≤ an + bn, ∀n ∈ N. (6)
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If
∑

∞

n=1 bn <∞, then limn→∞ an exists.

The following lemma will be useful.

Lemma 4. Let ψ ∈ Ψ, and let {µn} and {λn} be two nonnegative sequences in (0, 1)
satisfying the conditions

∞
∑

n=1

µn = ∞;
∞
∑

n=1

µ2
n <∞;

∞
∑

n=1

λn <∞. (7)

Let {an} be a nonnegative sequence which satisfies the inequality

an+1 ≤

(

1 −
ψ(an+1)

(1 + ψ(an+1) + an+1)
µn

)

an + λn, ∀n ∈ N (8)

Then limn→∞ an = 0.

Proof. From (8)
an+1 ≤ an + λn, ∀n ∈ N. (9)

Lemma 3 assures the existence of limn→∞ an. Because {an} is bounded and ψ ∈ Ψ

∃D > 0 : an ≤ D, ∀n ∈ N ⇒ ψ(an) ≤ ψ(D), ∀n ∈ N. (10)

Let A = limn→∞ an. Then A ≥ 0. Suppose A > 0

∃n0 : an ≥
A

2
, ∀n ≥ n0 ⇒ ψ(an) ≥ ψ(

A

2
), ∀n ≥ n0. (11)

Using (10), (11) and (8),

µn
ψ(A2 ) A

2

( 1 + ψ(D) + D )
≤ µn

ψ(an+1) an

( 1 + ψ(an+1) + an+1 )

≤ an − an+1 + λn, ∀n ≥ n0. (12)

It then follows that

ψ(A2 ) A
2

( 1 + ψ(D) + D )

n
∑

j=n0

µj ≤ an0
+

n
∑

j=n0

λn <∞. (13)

Contradicting the fact that
∑

∞

n=1 µn = ∞. Thus A = 0.

2. Main Results

We are able now to prove the following result:

Theorem 5. Let X be a real Banach space, B be a nonempty, bounded, convex and
closed subset of X, and T : B → B be a Lipschitzian, ψ− uniformly pseudocontractive
map. If {αn}, {βn} satisfy (3), with u0 = x0 ∈ B, then the following are equivalent:
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(i) Mann iteration (1) converges (to x∗ ∈ F (T )),

(ii) Ishikawa iteration (2) converges (to the same x∗ ∈ F (T )).

Proof. For all x, y ∈ X we have

〈Tx− Ty, j(x− y)〉 ≤ ‖x− y‖2 − ψ(‖x− y‖)

‖x− y‖2 − 〈Tx− Ty, j(x− y)〉 ≥ ψ(‖x− y‖)
(14)

〈x− y, j(x− y)〉 − 〈Tx− Ty, j(x− y)〉 ≥ ψ(‖x− y‖)

〈(I − T )x− (I − T )y, j(x− y)〉 ≥ ψ(‖x− y‖).

Using the fact that 1 + ψ(a) + α2 ≥ a2, for all a ≥ 0, the following inequality is
satisfied

ψ(a) ≥
ψ(a)

1 + ψ(a) + α2
a2.

Taking a := ‖x− y‖we obtain

〈 (I − T ) x − (I − T ) y , j(x− y) 〉

≥ ψ( ‖x− y‖ ) ≥
ψ(‖x− y‖)

1 + ψ(‖x− y‖) + ‖x− y‖2 ‖x− y‖2

= σ(x, y) ‖x− y‖2
, (15)

where

σ(x, y) :=
ψ(‖x− y‖)

1 + ψ(‖x− y‖) + ‖x− y‖2 ∈ [0, 1), ∀x, y ∈ X.

Hence for each x, y ∈ X :

〈 (I − T ) x − (I − T ) y , j(x− y) 〉 ≥ σ(x, y) ‖x− y‖2
, (16)

or,

〈( (I − T ) x− σ(x, y) x ) − ( (I − T ) y − σ(x, y) y ) , j(x− y) 〉 ≥ 0.

From Lemma 1.1 of [3], for each x, y ∈ X :

∃j(x) ∈ J(x) : 〈y, j(x)〉 ≥ 0 ⇐⇒ ‖x‖ ≤ ‖x+ αy‖ , ∀α > 0.

In the above equivalence set

x := ‖x− y‖ ,

α := r,

y := ((I − T )x− σ(x, y)x) − ((I − T )y − σ(x, y)y) .

Then it follows that for each x, y ∈ X and r > 0 :

‖x− y‖ ≤ ||x− y + r[((I − T )x− σ(x, y)x) − ((I − T )y − σ(x, y)y)]||. (17)
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From (1) we have, for each n ∈ N :

un = un+1 + αn un − αn Tun

= un+1 + 2 αn un − αn un − αn Tun

= un+1 + 2 αn un − αn un − αn Tun + 2 αn un+1 − 2 αn un+1

= (1 + αn) un+1 + σ(xn+1, un+1) αn un+1 − σ(xn+1, un+1) αn un+1

+ ( −2 αn un+1 + 2 αn un ) − αn un − αn Tun + αn un+1

= (1 + αn) un+1 + σ(xn+1, un+1) αn [ (1 − αn) un + αn Tun ]

− σ(xn+1, un+1) αn un+1 + ( (−2αn) (1 − αn) un − 2 α2
n Tun + 2 αn un )

− αn un − αn Tun + αn un+1

= ( 1 + αn ) un+1 − σ(xn+1, un+1) αn un+1 + αn un+1 − αn Tun+1 + αn Tun+1

+σ(xn+1, un+1) αn [ un − αn un + αn Tun ]

+
(

2 α2
n un − 2 αn un − 2 α2

n Tun + 2 αn un
)

− αn un − αn Tun

= ( 1 + αn ) un+1 + αn [ ( I − T ) un+1 − σ (xn+1, un+1) un+1 ] + αn Tun+1

−σ (xn+1, un+1) α
2
n un + σ (xn+1, un+1) α

2
n Tun + 2 α2

n un − 2 α2
n Tun

+σ (xn+1, un+1) αn un − 2 αn un + 2 αn un − αn un − αn Tun

= (1 + αn) un+1 + αn [ (I − T ) un+1 − σ(xn+1, un+1) un+1 ] + αn Tun+1

+
[

2 α2
n un − 2 α2

n Tun − σ(xn+1, un+1) α
2
n un + σ(xn+1, un+1) α

2
n Tun

]

+σ(xn+1, un+1) αn un − αn un − αn Tun

= (1 + αn) un+1 + αn [ (I − T )un+1 − σ(xn+1, un+1) un+1 ]

+( 2 − σ(xn+1, un+1) ) α2
n (un − Tun)

−( 1 − σ(xn+1, un+1) ) αn un + αn ( Tun+1 − Tun )

= (1 + αn) un+1 + αn [ (I − T )un+1 − σ(xn+1, un+1) un+1 ]

−( 1 − σ(xn+1, un+1) ) αn un

+( 2 − σ(xn+1, un+1) ) α2
n (un − Tun) + αn (Tun+1 − Tun). (18)

Analogously, from (2) we have

xn = xn+1 + αn xn − αn Tyn

= (1 + αn) xn+1 + αn [ (I − T )xn+1 − σ(xn+1, un+1)xn+1 ]

−( 1 − σ(xn+1, un+1) ) αn xn

+ ( 2 − σ(xn+1, un+1) ) α2
n (xn − Tyn) + αn ( Txn+1 − Tyn ). (19)

Hence

xn − un = (1 + αn)(xn+1 − un+1) + αn[((I − T )xn+1 − σ(xn+1, un+1)xn+1)

− ((I − T )un+1 − σ(xn+1, un+1)un+1)] − (1 − σ(xn+1, un+1))αn(xn − un)

+(2 − σ(xn+1, un+1))α
2
n(xn − Tyn − un + Tun)

+αn(Txn+1 − Tyn − Tun+1 + Tun). (20)
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Using the norm and relation (20), we obtain

‖xn − un‖ ≥ (1 + αn)||(xn+1 − un+1) +
αn

1 + αn
[((I − T )xn+1 − σ(xn+1, un+1)xn+1)

− ((I − T )un+1−σ(xn+1, un+1)un+1)]||−(1−σ(xn+1, un+1))αn ‖xn−un‖

−(2 − σ(xn+1, un+1))α
2
n ‖xn − Tyn − un + Tun‖

−αn ‖Txn+1 − Tyn − Tun+1 + Tun‖ .

Using (17) with

r :=
αn

1 + αn
,

x := xn,

y := un,

we get

‖xn − un‖ ≥ (1 + αn) ‖xn+1 − un+1‖ − (1 − σ(xn+1, un+1))αn ‖xn − un‖

−(2 − σ(xn+1, un+1))α
2
n ‖xn − Tyn − un + Tun‖

−αn ‖Txn+1 − Tyn − Tun+1 + Tun‖ . (21)

Thus we have

(1 + αn) ‖xn+1 − un+1‖ ≤ [1 + (1 − σ(xn+1, un+1))αn] ‖xn − un‖

+(2 − σ(xn+1, un+1))α
2
n ‖xn − Tyn − un + Tun‖

+αn ‖Txn+1 − Tyn − Tun+1 + Tun‖ . (22)

That is

‖xn+1 − un+1‖ ≤

[

1 + (1 − σ(xn+1, un+1))αn
1 + αn

]

‖xn − un‖

+
1

1 + αn
(2 − σ(xn+1, un+1))α

2
n ‖xn − Tyn − un + Tun‖

+
αn

1 + αn
‖Txn+1 − Tyn − Tun+1 + Tun‖ . (23)

Sine B is bounded and T is Lipschitzian, there exists a positive constant M such that,

for all {xn}, {un} ⊂ B,

max{‖xn‖ , ‖Tyn‖ , ‖un‖ , ‖Tun‖} ≤M, for all n ∈ N.

Hence, for each n,

‖xn+1 − un+1‖ ≤

[

1 + (1 − σ(xn+1, un+1))αn
1 + αn

]

‖xn − un‖
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+
1

1 + αn
(2 − σ(xn+1, un+1))α

2
n4M

+
αn

1 + αn
‖Txn+1 − Tyn − Tun+1 + Tun‖

≤

[

1 + (1 − σ(xn+1, un+1))αn
1 + αn

]

‖xn − un‖ +
8M

1 + αn
α2
n

+
αn

1 + αn
‖Txn+1 − Tyn − Tun+1 + Tun‖ . (24)

We have

‖Txn+1 − Tyn − Tun+1 + Tun‖

≤ ‖Txn+1 − Tyn‖ + ‖Tun+1 − Tun‖

≤ L ‖xn+1 − yn‖ + L ‖un+1 − un‖

≤ L ((‖−αnxn + βnxn + αnTyn − βnTxn‖) + αn ‖Tun − un‖)

≤ L ((αn ‖−xn + Tyn‖ + βn ‖xn − Txn‖) + αn ‖Tun − un‖)

≤ L((αn (‖xn‖ + ‖Tyn‖) + βn (‖xn‖ + ‖Txn‖)) + αn (‖Tun‖ + ‖un‖))

≤ L (αn2M + βn2M + αn2M)

= 2LM(2αn + βn) → 0 as n→ ∞. (25)

Using the fact that (1+αn)
−1 ≤ 1−αn+α2

n, and (1+αn)
−1 ≤ 1, ∀n ∈ N, substituting

(25) into (24), yields

‖xn+1 − un+1‖ ≤
[

(1 + (1 − σ(xn+1, un+1))αn)
(

1 − αn + α2
n

)]

‖xn − un‖

+αn2LM(2αn + βn) + 8Mα2
n

= [1 − αn + α2
n + αn − α2

n + α3
n − σ(xn+1, un+1)αn + σ(xn+1, un+1)α

2
n

−σ(xn+1, un+1)α
3
n] ‖xn − un‖ + 8Mα2

n + αn2LM(2αn + βn)

≤ [1 − σ(xn+1, un+1)αn] ‖xn − un‖

+α2
n (αn + (1 − αn)σ(xn+1, un+1)) ‖xn − un‖

+8Mα2
n + αn2LM(2αn + βn)

≤ [1 − σ(xn+1, un+1)αn] ‖xn − un‖ + α2
n (1 + 1) ‖xn − un‖

+8Mα2
n + αn2LM(2αn + βn)

≤ [1−σ(xn+1, un+1)αn] ‖xn−un‖+α2
n4M+8Mα2

n+αn2LM(2αn+βn)

= [1 − σ(xn+1, un+1)αn] ‖xn − un‖ + α2
n12M + αn2LM(2αn + βn)

= (1 − αnσ(xn+1, un+1)) ‖xn − un‖ + λn. (26)

Define

µn := αn,

λn := α2
n 12 M + αn2LM (2αn + βn) (27)

an := ‖xn − un‖ .
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Since {αn} ⊂ (0, 1),
∑

∞

n=1 αnβn <∞ and
∑

∞

n=1 α
2
n <∞, if follows from Lemma 4 that

lim
n→∞

‖xn − un‖ = 0. (28)

Suppose now that limn→∞ un = x∗ then

‖xn − x∗‖ ≤ ‖xn − un‖ + ‖un − x∗‖ , (29)

and limn→∞ xn = x∗. For the converse we suppose that limn→∞ xn = x∗. Relation (28)
and the following inequality

‖un − x∗‖ ≤ ‖xn − un‖ + ‖xn − x∗‖ (30)

implies that limn→∞ un = x∗.

The above result does not completely generalize the main result from [10] because in
[10] B is not assumed to be bounded.

Theorem 6. Let K be a closed convex subset of an arbitrary Banach space X and let
T be a Lipschitzian pseudocontractive selfmap of K. Let us consider Mann iteration and
Ishikawa iteration with the same initial point and satisfying the conditions limn→∞ αn =
limn→∞ βn = 0, and

∑

∞

n=1 αn = ∞. Let x∗ ∈ F (T ).Then the following are equivalent:

(i) Mann iteration (1) converges to x∗,
(ii) Ishikawa iteration (2) converges to x∗.

3. The ψ− Uniformly Accretive Case

Let S be a ψ− uniformly accretive and Lipschitzian map. Suppose that the equation
Sx = f has a solution for a given f ∈ X. It easy to see that

Tx = x+ f − Sx, ∀x ∈ X, (31)

is a ψ−uniformly pseudocontractive and Lipschitzian map. Moreover, a fixed point for T
is a solution of Sx = f, and conversely. Theorem 3 assures that the convergence of Mann
and Ishikawa iterations to the fixed point of T are equivalent. The map T is assumed
to be ψ−uniformly pseudocontractive and Lipschitzian. A similar result holds for the
convergence of Mann and Ishikawa iterations to the solution of Sx = f. The map S is
assumed ψ− uniformly accretive. For this case we need to know that (I − S) must have

a bounded range. It is well known that if T is bounded (I−T ) could be unbounded. For
example take T : R → R with T (x) = (1/2) cosx. From [1], (I−T )(x) = x−(1/2) cosx, is
Lipschitzian and strongly accretive. For the same {αn}, {βn} ⊂ (0, 1) as in (3), iterations
(1) and (2) become

xn+1 = (1 − αn)xn + αn (f + (I − S)yn) ,
(32)

yn = (1 − βn)xn + βn (f + (I − S)xn) , n = 0, 1, 2, ... ,
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and

un+1 = (1 − αn)un + αn (f + (I − S)un) , n = 0, 1, 2, ... . (33)

We are able now to give the following result

Theorem 7. Let X be a real Banach space, B be a nonempty, bounded, convex and

closed subset of X, and S : B → B be a Lipschitzian, ψ− uniformly accretive map, with

(I − S)(B) bounded, and suppose that there exists solutions for Sx = f . If the sequences

{αn}, {βn} satisfy condition (3), and u0 = x0 ∈ B, then the following two assertions are

equivalent:

(i) Mann iteration (33) converges to a solution x∗ of Sx = f,

(ii) Ishikawa iteration (32) converges to the same solution x∗ of Sx = f.

For the multivalued case we have

Definition 8. Let X be a real Banach space. Let B be a nonempty subset. A

map T : B → 2B is called uniformly pseudocontractive if there exists k ∈ (0, 1) and

j(x− y) ∈ J(x− y) such that

〈ξ − θ, j(x− y)〉 ≤ ‖x− y‖2 − ψ(‖x− y‖), (34)

for all x, y ∈ B, ξ ∈ Tx, θ ∈ Ty.

Let S : X → 2X . The map S is called uniformly accretive if there exists γ ∈ (0, 1)

and j(x− y) ∈ J(x− y) such that

〈ξ − θ, j(x− y)〉 ≥ ψ(‖x− y‖), (35)

for all x, y ∈ X , ξ ∈ Sx, θ ∈ Sy.

We remark that all the results from this paper hold in the multivalued case, provided

that these multivalued maps admit single valued selections.

5. Remarks on the Convergence of Mann and Ishikawa Iterations for ψ−
Uniformly Pseudocontractive and ψ− Uniformly Accretive Maps

Taking ψ(a) := ψ(a) · a, ∀a ∈ [0,∞) in (4) and (5) from Definition 1 we obtain the

definition of ψ−strongly pseudocontractive and ψ−strongly accretive map, (see [8, 9]).

For all x, y ∈ X we have

‖x− y‖2 − ψ(‖x− y‖) ‖x− y‖ ≥ 〈Tx− Ty, j(x− y)〉

‖x− y‖2 − 〈Tx− Ty, j(x− y)〉 ≥ ψ(‖x− y‖) ‖x− y‖
(36)

〈x− y, j(x− y)〉 − 〈Tx− Ty, j(x− y)〉 ≥ ψ(‖x− y‖) ‖x− y‖

〈(I − T )x− (I − T )y, j(x− y)〉 ≥ ψ(‖x− y‖) ‖x− y‖ .
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Furthermore

〈(I − T )x− (I − T )y, j(x− y)〉 ≥ ψ(‖x− y‖) ‖x− y‖

≥
ψ(‖x− y‖)

1 + ψ(‖x− y‖) + ‖x− y‖
‖x− y‖2

= σ(x, y) ‖x− y‖2
, (37)

where

σ(x, y) =
ψ(‖x− y‖)

1 + ψ(‖x− y‖) + ‖x− y‖
∈ [0, 1), ∀x, y ∈ X.

Hence we get ∀x, y ∈ X :

〈(I − T )x− (I − T )y, j(x− y)〉 ≥ σ(x, y) ‖x− y‖2
,

〈((I − T )x− σ(x, y)x) − ((I − T )y − σ(x, y)y) , j(x− y)〉 ≥ 0. (38)

Observe that (37) is (15) and formula (38) is (16) but with a different σ(x, y). Using

the same argument as for (15) and (16) it follows that for all x, y ∈ X and r > 0 :

‖x− y‖ ≤ ‖x− y + r [((I − T )x− σ(x, y)x) − ((I − T )y − σ(x, y)y)]‖ . (39)

Let us consider the case when T is ψ−uniformly accretive or ψ−uniformly pseudo-

contractive map. For the convergence of Mann or Ishikawa iteration, using inequality

(17) (which is similar to (39) used in [8] and [9]), one can easily see that the proofs are

exactly the same as those in [7], [8] or [9].

Conclusion. All the results from [7], [8], [9], concerning the convergences of Mann-

Ishikawa iteration hold if we replace the “ψ−strongly” with “ψ−uniformly”.

References

[1] C. E. Chidume and M. O. Osilike, Iterative solutions of nonlinear accretive operator equa-

tions in arbitrary banach spaces, Nonlinear Analysis 36 (1999), 803-872.

[2] S. Ishikawa, Fixed points by a new iteration method, Proc. Amer. Math. Soc. 44 (1974),

147-150.

[3] T. Kato, Nonlinear semigroups and evolution equations, J. Math. Soc. Japan 19 (1964),

508-520.

[4] W. R. Mann, Mean value in iteration, Proc. Amer. Math. Soc. 4 (1953), 506-510.

[5] C. Moore and BVC Nnoli, Iterative solution of nonlinear equations involving set-valued

uniformly accretive operators, Computers Math. Appl. 42 (2001), 131-140.

[6] C. Morales, Surjectivity theorems for multi-valued mappings of accretive type, Comm. Math.

Univ. Carolinae 26(1985), 397-413.

[7] M. O. Osilike, Iterative solution of nonlinear equations of the Φ− strongly accretive type, J.

Math. Anal. Appl. 200 (1996), 259-271.



THE EQUIVALENCE OF MANN AND ISHIKAWA METHODS 245

[8] M. O. Osilike, Stability of the Mann and Ishikawa iteration procedures fore φ− strongly

pseudocontractions and nonlinear equations of the φ− strongly accretive type, J. Math.

Anal. Appl. 227 (1998), 319-334.

[9] M. O. Osilike, Iterative solutions of nonlinear φ− strongly accretive operator equations in

arbitrary banach spaces, Nonlinear Analysis 36 (1999), 1-9.
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