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Suppose that H is a real Hilbert space and F,K : H — H are bounded monotone maps with
D(K) = D(F) = H. Let u* denote a solution of the Hammerstein equation # + KFu = 0. An explicit
iteration process is shown to converge strongly to u*. No invertibility or continuity assumption is
imposed on K and the operator F is not restricted to be angle-bounded. Our result is a significant
improvement on the Galerkin method of Brézis and Browder.

1. Introduction

Let X be a real normed linear space with dual X*. For g > 1, we denote by J, the generalized
duality mapping from X to 2X" defined by

NF N = el (1.1)

Jox) = {fr e X" (x, f1) = Il |1

where (-, -) denotes the generalized duality pairing. ], is denoted by J. If X* is strictly convex,
then J, is single-valued. A map G with domain D(G) in a normed linear space X is said to be
strongly accretive if there exists a constant k > 0 such that for every x,y € D(G), there exists
Jjq(x = y) € J4(x —y) such that

(Gx -Gy, jg(x-y)) 2 k[lx -y (1.2)

If k = 0, G is said to be accretive. If X is a Hilbert space, accretive operators are called
monotone. The accretive mappings were introduced independently in 1967 by Browder [1]
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and Kato [2]. Interest in such mappings stems mainly from their firm connection with
equations of evolution. It is known (see, e.g., Zeidler [3]) that many physically significant
problems can be modelled by initial-value problems of the form

X' (t) + Ax(t) =0, x(0) = xo, (1.3)

where A is an accretive operator in an appropriate Banach space. Typical examples where
such evolution equations occur can be found in the heat, wave, or Schrodinger equations. If
in (1.3), x(t) is independent of ¢, then (1.3) reduces to

Au=0, (1.4)

whose solutions correspond to the equilibrium points of the system (1.3). Consequently,
considerable research efforts have been devoted, especially within the past 30 years or so, to
methods of finding approximate solutions (when they exist) of (1.4). An early fundamental
result in the theory of accretive operators, due to Browder [1], states that the initial value
problem (1.3) is solvable if A is locally Lipschitzian and accretive on X. Utilizing the existence
result for (1.3), Browder [1] proved that if A is locally Lipschitzian and accretive on X, then
A is m-accretive, that is, R(I + A) = X, where R(I + A) denotes the range of (I + A). Clearly, a
consequence of this is that the equation

u+Au=0 (1.5)

has a solution. One important generalization of (1.5) is the so-called equation of Hammerstein
type (see, e.g.,, Hammerstein [4]), where a nonlinear integral equation of Hammerstein type
is one of the form:

u(x) + J; x(x,y) f(y,u(y))dy = h(x), (1.6)

where dy is a o-finite measure on the measure space Q; the real kernel « is defined on  x Q,
f is a real-valued function defined on Q x R and is, in general, nonlinear and & is a given
function on Q. If we now define an operator K by

Ko(x) := J;g k(x,y)v(y)dy, x€Q, (1.7)

and the so-called superposition or Nemytskii operator by Fu(y) := f(y,u(y)) then, the integral
equation (1.6) can be put in operator theoretic form as follows:

u+ KFu =0, (1.8)

where, without loss of generality, we have taken h = 0.
Interest in (1.8) stems mainly from the fact that several problems that arise in differ-
ential equations, for instance, elliptic boundary value problems whose linear parts possess
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Greens functions can, as a rule, be transformed into the form (1.8) (see e.g., Pascali and
Sburlan [5], Chapter IV). Equations of Hammerstein type play a crucial role in the theory
of optimal control systems and in automation and network theory (see, e.g., Dolezal [6]).

Several existence and uniqueness theorems have been proved for equations of the
Hammerstein type (see e.g., Brézis and Browder [7-9], Browder [1], Browder et al. [10],
Browder and Gupta [11], Cydotchepanovich [12], and De Figueiredo and Gupta [13]). For
the iterative approximation of solutions of (1.4) and (1.5), the monotonicity/accretivity of A is
crucial. The Mann iteration scheme (see, e.g., Mann [14]) has successfully been employed
(see, e.g., the recent monographs of Berinde [15] and Chidume [16]). The recurrence formulas
used involved K™ which is also assumed to be strongly monotone, and this, apart from
limiting the class of mappings to which such iterative schemes are applicable, is also not
convenient in applications. Part of the difficulty is the fact that the composition of two mono-
tone operators need not be monotone. In the special case in which the operators are defined
on subsets D of X which are compact (or more generally, angle-bounded see e.g., Pascali and
Sburlan [5] for definition), Brézis and Browder [7] have proved the strong convergence of a
suitably defined Galerkin approximation to a solution of (1.8) (see also Brézis and Browder
D).

It is our purpose in this paper to prove that an explicit coupled iteration process
recently introduced by Chidume and Zegeye [17] which does not involve K~ which is also
required to be monotone converges strongly to a solution of (1.8) when K and F are bounded
and monotone. Our new method of proof is also of independent interest.

2. Preliminaries
In the sequel, we will need the followings results.

Lemma 2.1 (see Xu [18]). Let {a,} be a sequence of nonnegative real numbers satisfying the follow-
ing relations:

an1 < (1-ay)ay, +a,0,+y,, n2>0, (2.1)
where (i) {a,} C (0,1), X a, = oo; (ii) limsupo, < 0; (iii) y, > 0, (n > 0), > yn < oo. Then,
a, — 0asn — oo.

Lemma 2.2 (see Chidume and Dijitte, [19, Lemma 2.5]). Let H be a real Hilbert space and A :
H — H be a map with D(A) = H. Suppose that A is m-accretive, that is, (i) for all u,v € H,
(Au— Av,u—-v) > 0; (ii) R(I + spA) = H for some so > 0. Then A satisfies the range condition,
that is, R(I + sA) = H forall s > 0.

We now prove the following result.

Lemma 2.3. Let H be a real Hilbert space and F,K : H — H be maps with D(F) = D(K) = H.
Let E=H xHand T : E — E be the map defined by:

Tw= (Fu-v,Kv+u), Yw=(uv)e€E. (2.2)

Assume that F and K are monotones and satisfy the range condition. Then, T is monotone and also
satisfies the range condition.
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Proof. On E we have the natural norm || - || and natural inner product (-, -) given by:

1/2
leolg = (il + ol3,) *,  for w = (w,0) € E, 03

<w1/w2>E = <u1/u2>H + <UllUZ>HI fOI' w1 = (ullvl)l wy = (uZIUZ) €E.

Step 1. We prove that T is monotone. Let wy = (u1,v1), wy = (u,v2) € E. We have Tw; =
(Fui;—v1, Koy +uy) and Twy = (Fupy —v,, Kvy +up). So, Tw —Twy = (Fuy — Fuy +v, —v1, Koy —
Ko, + 11 — up). Therefore, using the fact that F and K are monotone, we obtain,

(Tw1 - Twz,w1 —w2)E = <FLL1 —Fu2 + Uy —0U1, U1 — u2)H
+<KU1—K02+u1—u2,01—‘02>H (24)
=(Fu1—Fuz,ul—uz)H+(Kvl—sz,v1—’02>H ’

> 0.

So, T is monotone.

Step 2. We show that R(Ig +rT) = Eforallr, 0 < r < 1. In fact let ry such that 0 < rp < 1.
Since F and K are monotone and satisfy the range condition, then it is known that (I + roF)

and (I +ryK) are bijective and moreover, the resolvent ]f; := (I+79F) ™" of F and the resolvent

K ._

n = (I +rK )"! of K are nonexpansive.

Let h = (hy1, hy) € E. Define G: E — E by

Gw = <],F(J (hy + rov),]rf(hz - rou)), Yw = (u,v) € E. (2.5)

Using the fact that ]} and JX are nonexpansive, we have,

||G’(,U1 - GwZ”E < 1"0”101 - ZUQHE, le,wz € E. (26)

Therefore G is a contraction. So, by the Banach fixed point theorem, G has a unique fixed
point w* = (u*,v*) € E, that is Gw* = w* or equivalently,

w=JE ot o= K (- o). (2.7)

These imply (Ig + r9T)w* = h. Therefore, R(Ig + roT) = E.
By Lemma 2.2, it follows that T satisfies the range condition. This completes the
proof. O

Theorem 2.4 (see Reich [20]). Let H be a real Hilbert space. Let A : H — H be monotone with
D(A) = H and suppose that A satisfies the range condition: R(I + rA) = H for all r > 0. Let
Jix = (I +tA) 'x, t > 0 be the resolvent of A, and assume that A~'(0) is nonempty. Then for each
x € H,lim;_, o, J;x € A71(0).
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3. Main Results

Let H be a real Hilbert space and F,K : H — H be maps with D(K) = D(F) = H such that
the following conditions hold:

(i) F is bounded and monotone, that is,

(Fuy — Fuy,u; —up) >0, Vuy,u; € H, (3.1)

(ii) K is bounded and monotone, that is,

(Kuy — Kup,uy —up) >0, Vuj,up € H, (3.2)

(iii) F and K satisfy the range condition.

With these assumptions, we prove the following theorem.

Theorem 3.1. Let H be a real Hilbert space. Let {u, } and {v,,} be sequences in H defined iteratively
from arbitrary points uy, v1 € H as follows:

Upi1 = Uy — )Ln(Fun - Un) - )Lnen(un - ul)/ n>1, (3 3)
Un+l = Op — )‘n(KUn + un) - )Lnen(vn - Ul)/ n>1, .

where {A,} and {6, } are sequences in (0,1) satisfying the following conditions:
(1) limé, =0,
(2) 2521 Anbn = 00, Ay = 0(6n),
(3) limy— oo ((O-1/6n) = 1)/ A0y = 0.

Suppose that u + KFu = 0 has a solution in H. Then, there exists a constant dy > 0 such that if
An < doBy, for all n > ng for some ng > 1, then the sequence {u,} converges to u*, a solution of
u+KFu=0.

Proof. Let E := H x H with the norm ||z[|g = (|ul%, + [[v]%,)"/?, where z = (4,v). Define the
sequence {w,} in E by: w,, := (u,,v,). Let u* € H be a solution of u + KFu =0, v* := Fu* and
w* = (u*,v*). We observe that u* = —Kv*. It suffices to show that {w,} converges to w* in E.

For this, let ny € N, there exists r > 0 sufficiently large such that w; € B(w*,r/2), wy, €
B(w*,r), where B(w*,r) denotes the ball of center w* and radius r. Define B := B(w*,r).
Since F and K are bounded, we set M; := sup{||[Fx - yll%{ +72: (x,y) € B} < oo and
M, = sup{||Ky + x|z +7r*: (x,y) € B} < 00. Let M := M; + M,. We split the proof in three
steps.

Step 1. We first prove that the sequence {w,} is bounded in E. Indeed, it suffices to show that
wy, is in B for all n > ny. The proof is by induction. By construction, w,, € B. Suppose that
wy, € B for n > ny. We prove that w1 € B. Assume for contradiction that w,.; € B. Then, we
have |[wy,.1 — w*||g > r. We compute as follows:

w1 = | = lfunar = w37 + 0nsr = 0l (3-4)
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We have
llttns1 — u*H%{ = ||un — 1" = Ay (Futy — 0p) — 10, (un — u1)||2

= ||lu, - u*||i, =20 (Fuy, — v, + 0, (U, — uy), uy — u™)

(3.5)
+ )‘El”Fun —Up + 0, (1, — ul)“%—l
< Nl = w37 = 200 (Fity — 0y + 0 (tty — 11), ty — 1*) + A2 M.
Observing that
(Fu, — v, + 0, (u, —u1),uy, —u*) = (Fu, — Fu*,u, —u*) — (v, — 0", u, —u*)
(3.6)
+ Ol — |3 + On(u* — ur, uy — u*),
and using (3.1), we obtain the following estimate:
[ttt — 1|y < [1 = 24080] 1t — |13 + A2 My
+ 2 (vy — 0", Uy — u*) (3.7)
= 21,0, (U" — uy, Uy — u*).
Following the same argument, we also obtain
||Un+1 - U*”%{ < [1 - 2-)ln9n] an - U*”%{ + )‘iMZ
=2 {uy — u*, v, —0") (3.8)
= 21,0, (V" —v1, v, —V").
Thus, we obtain
w1 — w*||% < [1 = 20,0] [y — w* |5 + MA? = 2X,,0, (u* — uy, up, — u*) 69)
= 21,0, (v — vy, v, — V). .
Using
0 <l = uy + (un = u)|[Fy = " = |y + 200" = g, vty — ") + [ = w|[3,
(3.10)
0 < [l =01 + (0 = ) [[7r = [0 = 013 + 2(0" = 01,00 = V") + [[vn — 0" [Ty,
we have
—2(u" =,y — ') < | = [y + [l - w3,
(3.11)

~2(v" ~ 01,0, = 0*) < 0" ~ 01| + [[on — Ol
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Therefore

[e0ns1 = @I < [1=24,05] w0 = || + MA; + 1,60,[0, — w*||7

) (3.12)
+ 1,0u||w" — w1 ||
So we obtain the following estimate:
[wnir = w" Iz < [1= 1uBn]llw0n = w7 + Anbullew” — w01 |[7 + M, (3.13)

Let dy = r2/4M. Then using the induction assumptions, the fact that wy € B(w*,r/2) and
A, € dobB,,, we obtain

n6n

[ wns1 — w*||7; < [1 - rr<r?, (3.14)

a contradiction. Therefore, w,,1 € B. Thus by induction, {w,} is bounded and so are {u,}
and {v,}.

Step 2. We show that there exists a unique sequence z, = (x,, y») € E such that

On(xy —u1) + Fxy —yn =0, (3.15)
0 (Yn —01) + Ky + % = 0, (3.16)

and x, — x*,y, — y*, withx* + KFx* =0and y* = Fx*.

In fact,let T : E — E be defined by T(u,v) = (Fu — v, Kv + u), for all (u,v) € E.
Using the fact that F and K are monotone and satisfy the range condition, it follows from
Lemma 2.3 that T is monotone and also satisfies the range condition.

Applying Theorem 2.4, with t = 1/6,, and x = (u1,v1), we obtain that lim;_, ., J1x €
T-1(0) implies that

-1
lim <1 + QlT> (u1,v1) € TH0). (3.17)

n—+oo n

Set z, = (X, Yu) = (I + (1/6,)T) ™ (u1, v1). Then (I + (1/60,)T)(xn, Yn) = (u1,v1), foralln > 1.
So we have,

Xt Gl(Fxn —Yn) = U1,
1” (3.18)
Yn+ 9—(Kyn +Xp,) = 01.

Therefore,

On(xy —u1) + Fxp —y, =0,
(3.19)
On(yn —v1) + Kxy + x, = 0.
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Since T is monotone and satisfies the range condition, then it is known that (I +7T) is bijective
for every r > 0. So, the sequence {z,} is unique. Using (3.17) and Theorem 2.4, we have,
limz, € T"1(0). Let x, — x* and y, — y*. Then (x*,y*) € T"1(0). So, T(x*,y*) = 0, that is,

Fx*-y*=0,
. (3.20)
Ky"+x"=0.
Therefore, y* = Fx* and x* + KFx* = 0.
Step 3. We show that {w,} — (u*,v*), where u* + KFu* = 0 and v* = Fu*.
Claim 1. wy41 — 2z, — 0asn — oo. We compute as follows:
2 2 2
lwni1 = zallg = [Une1 = xnllf + ||vn+1 - ]/n”H‘ (3.21)
We have
lttns1 — xn”%—[ = |lun — xn — Ay (Fuy — vy + 0 (1, — ul))”%—[
= Nltt = X7y = 20 (Fty — 0y + 0y (1t — 1), th — X)) (3.22)

2
+ )L,21||Fun — Uy + 0, (1 — 1) |-

From the boundness of {u,}, {v,}, and F, there exists M3 > 0 such that ||Fu, — v, + 60, (u, —
u1)||?, < M;. Using (3.15) and the fact that F is monotone, we obtain

[ttt = XnllFg < (1= 10On) 1t = Xnll2r = 2X0( FXys = Un, thy — %)
= 200 (Yn = Fxp, thy = X)) + M3A2 (3.23)
= (1= 1,00) luy — xn”%—] - 2J\n<yn — Un,Up — xn> + M3)t3,,

for some constant M3 > 0. Using (3.16) and similar arguments, we obtain:

“vn+1 - vn”%{ < (1 - )‘nen) ”vn - ]/n”il - 2)‘n<K]/n + Up, On — yn>
+ 200 (% + KV, Uy — Yu) + MyA? (3.24)
= (1= 1u0n)||vn - yn”i{ + 24, (% = Un, O — Yu) + Myd2,

for some constant My > 0. Therefore, we have the following estimate:
Wit = ZallE < (1 = Xu00) |wp = zu|| + M'A2,  where M’ = M3 + My. (3.25)
On the other hand, using the monotonicity of F and K we have

2
Xp1 — X + 6! (Fxn-1 = Yn-1 — Fxu + yn) |H

|zn-1 - Zn”i“ < |
(3.26)
Yn-1—Yn + 9;11 (Kyn—l + Xp-1 — Kyn - xn)

2
+| :
H




ISRN Mathematical Analysis 9

Using (3.15) and (3.16), we observe that

1 0, —06,_
Xp-1— Xp + _(Fxn—l —Yna1— Fx, + yn) = —1(xn—1 - ul)/

0, On

. o o (3.27)
Yn1 = Ynt 5 (Kyn-1 + xXp1 = Kyn — x) = "G—H(yn_l -01).

Therefore,
On-1 -6,
Izn1 = zullp < ==—"l1zn1 = wi - (3.28)

Using (3.25) and the boundness of {x,} and {y,}, we obtain that there exists C > 0 such that:

6n—1 - 611

201 = 2l < (1= L8l = 20l + € (2

> + M'A2. (3.29)

Thus, by Lemma 2.1, wy+1 — z, — 0. Since z, — (x*, y*), we obtain that w, — (x*,y*). But
since wy = (Uy, vy), this implies that u, — u* and v, — v*. This completes the proof.

O

Corollary 3.2. Let H be a real Hilbert space and F,K : H — H be maps with D(K) = D(F) = H
such that the following conditions hold:
(i) F and K are Lipschitz and monotone,

(ii) F and K satisfy the range condition.

Let {u,} and {v,} be sequences in H defined iteratively from arbitrary points uy, v, € H as follows:

Upi1 = Un — -/\n(Fun - vn) - -)Lnen(un - ul)/ n>1, (3 30)
Un+l = Op — /\n(KUn + un) - )Lnen(vn - Ul)/ n>1, .

where {A,} and {0,} are sequences in (0,1) satisfying the following conditions:
(1) limé6, =0,
(2) 251 Anbn = 0, Ay = 0(6y),
(3) limy o0 ((6-1/6n) = 1)/ AnBy = 0.
Suppose that u + KFu = 0 has a solution in H. Then, there exists a constant dy > 0 such that if

An < doBy for all n > ng for some ng > 1, then the sequence {u,} converges to u*, a solution of
u+KFu=0.

Let X be a real Banach space with dual space X* and let A : X — X* be a monotone
linear operator. The mapping A is said to be angle-bounded with constant a > 0 if

|(Ax,v) - (Ay, x)| < Za(Ax,x)l/z(Ay, y)l/z, Vx,y € D(A), (3.31)
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where (-,-) denotes the duality pairing between elements of X* and those of X. The class of
angle-bounded operators is a subclass of the class of monotone operators. The angle-boundness
of A with a = 0 corresponds to the symmetry of A, that is,

(Ax,y) = (Ay,x), VYx,y € D(A). (3.32)

(See Pascali and Sburlan [5, Chapter IV, page 189]).
Let H be a separable real Hilbert space and C be a closed subspace of H. For a given
f € C, consider the Hammerstein equation:

(I+KF)u=f, (3.33)

and its nth Galerkin approximation given by

(I + KyFp)u, = P*f, (3.34)

where K, = P;KP, : H — C, and F, = P,FP; : C, — H, where the symbols have
their usual meanings (see [5] for the meaning of the symbols). Under this setting, Brézis and
Browder (see [9]) proved the following approximation theorem.

Theorem BB. Let H be a separable real Hilbert space. Let K : H — C be a bounded continuous
monotone operator and F : C — H be an angle-bounded and weakly compact mapping. Then, for
each n € N, the Galerkin approximation (3.34) admits a unique solution u, in C, and {u,} converges
strongly in H to the unique solution u € C of the (3.33).

Remark 3.3. Theorem BB is the special case of the actual theorem of Brézis and Browder in
which the Banach space is a separable real Hilbert space. The main theorem of Brézis and
Browder is proved in an arbitrary separable Banach space.

Remark 3.4. The class of mappings considered in our theorem (Theorem 3.1) is larger than
that considered in Theorem BB. In particular, in Theorem BB, in addition to assuming that
the operator K is bounded and monotone, the authors also required K to be continuous.
Furthermore, the operator F is restricted to the class of angle-bounded operators (a subclass
of the monotone operators) and is also assumed to be weakly compact. In Theorem 3.1, the
operators K and F are only assumed to be bounded and monotone and satisfy the range
condition. We remark that continuity of the monotone map K implies that K is m-accretive
(see Martin [21]) and it is known that m-accretive implies range condition.

Remark 3.5. Theorem BB guarantees the existence of a sequence {u, } which converges strongly
to a solution of the Hammerstein equation (3.33). Our theorem provides an iterative sequence
which converges strongly to a solution of (3.33).

Remark 3.6. Real sequences that satisfy the hypotheses of Theorem 3.1 are A, = (n+ 1) and
0,=(n+1)"withO<b<aanda+b<l.
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We verify that these choices satisfy, in particular, condition (3) of Theorem 3.1. In fact,
using the fact that (1 + x)? <1+ px, forx >-1and 0 <p <1, we have

_ b
0< —((9"‘112’;) D [<1+ %) -1] (n+1)*

a+b
TS N TS S R
n n (n+1)l—(u+b)

(3.35)

7

asmn — oo.

References

[1] F. E. Browder, “Nonlinear mappings of nonexpansive and accretive type in Banach spaces,” Bulletin
of the American Mathematical Society, vol. 73, pp. 875-882, 1967.

[2] T.Kato, “Nonlinear semigroups and evolution equations,” Journal of the Mathematical Society of Japan,
vol. 19, pp. 508-520, 1967.

[3] E. Zeidler, Nonlinear Functional Analysis and Its Applications, Part II: Monotone operators, Springer, New
York, NY, USA, 1985.

[4] A. Hammerstein, “Nichtlineare integralgleichungen nebst anwendungen,” Acta Mathematica, vol. 54,
no. 1, pp. 117-176, 1930.

[5] D. Pascali and S. Sburlan, Nonlinear Mappings of Monotone Type, Editura Academiae, Bucaresti,
Romania, 1978.

[6] V. Dolezal, Monotone Operators and Applications in Control and Network Theory, vol. 2 of Studies in
Automation and Control, Elsevier Scientific, New York, NY, USA, 1979.

[7] H. Brézis and E. E. Browder, “Some new results about Hammerstein equations,” Bulletin of the
American Mathematical Society, vol. 80, pp. 567-572, 1974.

[8] H. Brezis and F. E. Browder, “Existence theorems for nonlinear integral equations of Hammerstein
type,” Bulletin of the American Mathematical Society, vol. 81, pp. 73-78, 1975.

[9] H. Brézis and F. E. Browder, “Nonlinear integral equations and systems of Hammerstein type,”
Advances in Mathematics, vol. 18, no. 2, pp. 115-147, 1975.

[10] F. E. Browder, D. G. de Figueiredo, and C. P. Gupta, “Maximal monotone operators and nonlinear
integral equations of Hammerstein type,” Bulletin of the American Mathematical Society, vol. 76, pp.
700-705, 1970.

[11] E E. Browder and C. P. Gupta, “Monotone operators and nonlinear integral equations of
Hammerstein type,” Bulletin of the American Mathematical Society, vol. 75, pp. 1347-1353, 1969.

[12] R. Cydotchepanovich, “Nonlinear Hammerstein equations and fixed points,” Publications de I'Institut
Mathématique, vol. 35, pp. 119-123, 1984.

[13] D. G. de Figueiredo and C. P. Gupta, “On the variational method for the existence of solutions of
nonlinear equations of Hammerstein type,” Proceedings of the American Mathematical Society, vol. 40,
pp. 470-476, 1973.

[14] W. R. Mann, “Mean value methods in iteration,” Proceedings of the American Mathematical Society, vol.
4, pp. 506-510, 1953.

[15] V. Berinde, Iterative Approximation of Fixed Points, vol. 1912 of Lecture Notes in Mathematics, Springer,
Berlin, Germany, 2007.

[16] C. Chidume, Geometric Properties of Banach Spaces and Nonlinear Iterations, vol. 1965 of Lecture Notes in
Mathematics, Springer, London, UK, 2009.

[17] C. E. Chidume and H. Zegeye, “Iterative approximation odf solutions of nonlinear equations of
Hammerstein type,” Abstract and Applied Analysis, pp. 353-365, 2003.

[18] H.-K. Xu, “Iterative algorithms for nonlinear operators,” Journal of the London Mathematical Society,
vol. 66, no. 1, pp. 240-256, 2002.

[19] C.E.Chidume and N. Djitte, “Strong convergence theorems for zeros of bounded maximal monotone
nonlinear operators,” Abstract and Applied Analysis, In press.



12 ISRN Mathematical Analysis

[20] S. Reich, “Strong convergence theorems for resolvents of accretive operators in Banach spaces,”
Journal of Mathematical Analysis and Applications, vol. 75, no. 1, pp. 287-292, 1980.

[21] R. H. Martin Jr., “A global existence theorem for autonomous differential equations in a Banach
space,” Proceedings of the American Mathematical Society, vol. 26, pp. 307-314, 1970.



-

Advances in

Operations Research

/
—
)

Advances in

DeC|S|on SC|ences

Mathematical Problems
in Engineering

Algebra

2

Journal of
Probability and Statistics

The Scientific
\(\(orld Journal

International Journal of

Combinatorics

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Journal of

Mathematics

Journal of

DISBJBLL alhematics

International Journal of

Stochastic Analysis

Journal of

Function Spaces

Abstract and
Applied Analysis

Journal of

Applied Mathematics

ol

w2 v (P
/

e

\jtl (1)@" W, E

International Journal of
Differential Equations

ces In

I\/lathémamcal Physics

Discrete Dynamics in
Nature and Society

Journal of

Optimization



