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1. Introduction

Von Foerster and Volterra-Lotka equations arise in biology, medicine, and chemistry,
[1-5]. The independent variables x; and an unknown function u stand for certain fea-
tures and densities, respectively. It follows from this natural interpretation that x; > 0
and u > 0. We are interested in the first model, which is essentially nonlocal, because it
also contains the total size of population [u(t,x)dx.

Existence results for certain von Foerster type problems has been established by means
of the Banach contraction principle, the Schauder fixed point theorem, or iterative meth-
ods, see [6-10]. Just because of nonlocal terms, these methods demand very thorough
calculations and a proper choice of subspaces of continuous and integrable functions.
Sometimes, it may cost some simplifications of the real model. On the other hand, there
is a very consistent theory of first-order partial differential-functional equation in [11-
13], based on properties of bicharacteristics and on the above-mentioned fixed-point
techniques with respect to the uniform norms.

In the present paper, we find natural conditions which guarantee L* N L!-convergence
of iterative methods. Note that an associate result on fast convergent quasilinearization
methods has been published in [14].
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Formulation of the differential problem. Let T = (11,...,7,) € R, 79 >0, where R, :=
[0,+00). Define

B=[-10,0] x[-7,7], where [-1,7] =[—11,71] X -+ X[ =Ty, 74]

1.1
Ey=[-10,0] xR", E=[0,a]xR", a>0. (1.1)

For each function w defined on [—1(, a], we have the Hale functional w; (see [15]), which
is the function defined on [—70,0] by

wi(s) = w(t+s), (s€[—10,0]). (1.2)

For each function u defined on Ey U E, we similarly write a Hale-type functional u(),
defined on B by

Ui (s, y) =u(t+s,x+y) for(s,y)€B (1.3)

(see [11]). Let Q¢ = E X C([—70,0],R;) and QO = E x C(B,R,) x C([—79,0],R,). Take v:
Ey—R, and

j:Q—R, A:Q—R (j=1..,n). (1.4)

Consider the differential-functional equation

Z t,x,z[u],) ﬂ = u(t, x)A(t,x, U, z[ul,), (1.5)
st 0x;j

where
z[u](t) := qu(t,y)dy, te|-1oal, (1.6)

with the initial conditions
u(t,x) =v(t,x), (t,x) € Ey, x=(x1,...,xs) € R™ (1.7)

We are looking for Caratheodory solutions to (1.5) and (1.7), see [6, 7, 16]. The functional
dependence includes a possible delayed and integral dependence of the Volterra type.
The Hale functional z[u], takes into consideration the whole population within the time
interval [t — 7¢,t], whereas the Hale-type functional u ) shows the dependence on the
density u locally in a neighborhood of (#,x). The functional dependence demands some
initial data on a thick initial set Ey, which means that a complicated ecological niche must
be observed for some time and (perhaps) in some space in order to predict its further
evolution.

Example 1.1. The functional dependence in (1.5), represented by the Hale operators, gen-
eralizes von Foerster equations with delays, deviations, and integrals, such as the equation
with delays:

o ST ezl (B0) 2 = (@) A BO)),  (18)
-1 j
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where a(t,x) = (@ (t,x),...,&,(t,x)), do(t,x) < t and ,B(t),B(t) < t, and the equation with
integrals:

% +E (t,x,r z[u](s)ds) ou_ uX(hx, Lx’xﬂ] u(t,y)dy,f/3z[u](s)d5>,

ax]‘
(1.9)

where ¢; : EX Ry —R and A:EX R, X R, —R.

The paper is organized as follows:

(1) first, we give key properties of bicharacteristics # and write the solution u of
problem (1.5), (1.7) along bicharacteristics for a given function z, which belongs
to a priori defined class under natural assumptions on the data;

(ii) considering solutions u along these bicharacteristics #, we get integral fixed-point
equations z = J [z], realized as follows: z—n[z]—u[z] - T [z];
(iii) we define an iterative method of the form

2k — M) — U — zZkr1 = J |2k ] (1.10)

and show its convergence under uniqueness conditions with some uniform Per-
ron comparison functions.

Our convergence result implies the existence and uniqueness. We stress that this exis-
tence statement essentially differs from Schauder fixed-point theory: one can find classes
of problems, where one of these methods yields the existence, whereas the other one does
not.

2. Bicharacteristics

First, for a given function z € C([—7y,a],R+), consider the bicharacteristic equations for
problem (1.5), (1.7):

n'(s) = c(s,n(s),z5), n(t) = x. (2.1)
Denote by n7 = 5[z](-;t,x) = (n,[2](+3t,%),...,11,[2] (-5, x)) the bicharacteristic curve pas-

sing through (¢,x) € E, that is, the solution to problem (2.1). Next, we consider the fol-
lowing equation

%u(s,r[[z](s; t,x)) = u(s,n[z](s:t,%))A(s,17[2] (558,%), U(s 12 (5000 Zs)» (2.2)
with the initial condition
u(0,7[2](0;£,x)) = v(0,7[2](05£,x)). (2.3)

For any given function z € C([—7¢,a],R.), a solution of (2.2) along bicharacteristics (2.1)
is a solution of (1.5). The initial conditions (1.7) and (2.3) correspond to each other.
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Assume the following.
(V0) v € CB(Ey,R;) (nonnegative, bounded, and continuous function).
(V1) z[v] € C([-710,0],R,), where

2[v](6) = J v(t,x)dx. (2.4)

n

(V2) The function v satisfies the Lipschitz condition
|v(t,x) —v(t,x)| <L,lx—x|| onE, (2.5)

with some constant L, > 0.
(CO0) ¢; : Qp—R are continuous in (,x,q) and

lle(t,,q) — c(t,%q)|| < Lellx = %Il + L llg = glI. (2.6)
A continuous function 0 : [0,a] X Ry —R; is said to be a Perron comparison function if
0(t,0) = 0 and the differential problem y" = o(t, y), y(0) = 0 has the only zero solution.
We call it uniform if o, multiplied by any positive constant, is also a Perron comparison
function. We call it monotone if o is nondecreasing in the second variable.
(A0) A: Q—R is continuous in (t,x,w,q) and
At x,w,q) = ALXW,9) | < Myo (8 lx =Xl + lw —wll + llg —4l), (2.7)

where ¢ : [0,a] X Ry— R, is a monotone uniform Perron comparison function.
(A1) There exists a function Ly € L'([0,a],R,) such that

A(t)x)w>q) SLA(t) (28)

for (t,x) € E,w € C(B,R4), g € C([—70,0],R4).
Denote

W(t,x,w,q) = AMt,x,w,q) + troxc(t,x,9) (2.9)
for (t,x) € E,w € C(B,R.), g € C([—70,0],R), where tro,c stands for the trace of the
matrix dyc = [axkcj]j)kﬂwn.

(WO0) There exists My € R, such that
| W(t,x,w,q) = W(t,%,w,q)| < Mw a(t, llx =Xl +[lw-wll +llqg—qll), (2.10)

where 0 : [0,a] X Ry— R is a monotone uniform Perron comparison function.
(W1) There exists a function Ly € L'([0,a],R,) such that

W(t,x,w,q) < Lw(t) (2.11)

for (t,x) € E,w € C(B,R4), g € C([—70,0],R,).
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LEMMA 2.1. If the conditions (V0) and (A1) are satisfied, then any solution u of (2.2) has
the estimate

t
0 < u(t,x) < ||v(0, -)||ooexp<f LA(s)ds) onE. (2.12)
0
2.1. The fixed-point equation. Let

Z(t) = max ||v(s,-)||lexp(JOLW(s)ds), (2.13)

—Tp<s<0
where we put Ly (s) = 0 for s € [—7(,0], and
% ={ze C([ —10,a],Ry) : 2(t) < Z(1)}. (2.14)

Consider the operator J : ¥—% given by the formula
Tl - | ulzlexdr fore=o, (2.15)
RYI

where u = u[z] € C'(E,R;) is the solution of (2.2) and (2.3) with the initial condition
ulz](t,x) = v(t,x) on Ey. The function u = u[z] has the following representation on E:

t

ulz](t,x) = v(O,n(O))exp(J /\(s,fy(s),u(s,n(s)),zs)ds>, (2.16)

0

where 7(s) = 5[z](s; t,x). By Lemma 2.1, we write (2.15) in the following way:

t
Tz](t) = J{Rn v(0, q(O))exp( L A(s,1(8)s (s y(s))>25) d5> dx (2.17)
for t > 0. The bicharacteristics admit the following group property:

y =1lz](0;t,x) = nlz](s;t,x) = n[z](s;0, ), (2.18)

that is, any bicharacteristic curve passing through the points (0, y) and (¢, x) has the same
value at s € [0,a].

If we change the variables y = #[z](0;¢,x), then by the Liouville theorem, the Jacobian
] = det[dc/0x] is given by the formula

t
J(05t,x) = exp( - Jo troxc(s,nlz] (s;O,y),zs)ds>. (2.19)

Hence (2.17) can be written in the form

t

T[z](t) = J{Rn v(O,y)exp(J W(s,n(s),u(s,n(s)),zs)ds) dy, (2.20)

0

where 7(s) = 5[z](s;0, ).



6 Journal of Inequalities and Applications
LEmMMA 2.2. If the conditions (VO0), (V1), and (W1) are satisfied, then
0=<J[z](t) < Z(t) <+ fort e [0,a], (2.21)

where Z is given by (2.13).
Proof. This assertion follows from (2.20) and Assumptions (V0), (V1), and (W1). O

The respective fixed-point equation for bicharacteristics # = #[z] has the form

t
n(sit,x) = x—j c(Con(Cix),20)d. (2.22)

Lemma 2.3. If Assumption (CO) is satisfied and z,Z € %, then
t
lnlz](s;t,x) — nlzl(s;t,x)|| < J L} ||z — Z¢ ||k d(. (2.23)

3. The iterative method

Define the iterative method by z*) = J[z(®] with an arbitrary function z(© € %, where
the class % is defined by (2.14). We prove its uniform convergence under natural assump-
tions on the given functions. The algorithm splits into three stages:
(1) finding bicharacteristics 11(") = q[z(k)], given by (2.22);
(2) finding u® = u[z'¥)] as a solution of (2.16);
(3) calculating z**V) = J[z(¥] by means of (2.17) or (2.20). In this way, there are
given the integ ral equations

rl(k)(S; trx) =X—- Ltc((,;/](k)(c; t)x),ZEk)>d(,
t
u(k)(t,x) = V(O,q(k)(o;t,x))exp<J /\(Q(k)(s))ds>’ (31)
0

2k (p) = J[Rn v(O,y)eXp(JOt W(R(k>(s))ds) dy,
where
QO(s) = (5.0 (5300 g 1002, 35
RO() = (51 (50,9450, A7) -

TueoreM 3.1. If 20 € ¥ and Assumptions (V0)—(V2), (C0), (AO), (A1), (W0), and (W1)
are satisfied, and there are K € Ry, 0 € (0,1] such that

o(t,r) <Kt lpr'=Vr  for p =2, (3.3)

then the iterative method z**V = J (2] is well defined in % and uniformly converges to
the unique fixed point z = I [z] on a sufficiently small [0,a] (locally).
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Remark 3.2. The technical condition (3.3) is fulfilled in the Lipschitz case (o(t,7) = Lr)
as well as the simplest nonlinear Perron comparison functions such as o(t,7) = Lrln (1 +
1/r). Its formulation also includes weak singularities, that is, o (t,7) = t*V2Lrando(t,r) =
t2Lrin(1+1/r) .

Proof of Theorem 3.1. Denote
Az = Zlk+1) _ (k) Aﬂ(k) - ,I(k+1) _ ﬂ(k)’ Au® = kD) _ (k). (3.4)

Then we have the estimates

t
|A7® (st,x)|| < L L* Azgk)HeLf“—S)d(,

(8 (0,9)] = Lan O 0st0llexp ( [ 1)
0 (3.5)

t t
+ vl exp (J LMs)ds) I Mo (s,P®(s;t,x))ds,
0 0
t
| Ak (1) | sZ(t)J Mo (s, PP (s;t,x))ds,
0
where PK)(s;t,x) = ||A11(k) (s;5,%) | + | Au® ||+ [|Az0) ||,. Denote fg = foa L) (s)ds and

YO (s5,8) =g H (s) +y 0 (s) + Jth el y® (0)d. (3.6)

Consider the comparison equations

t R ot
(1) = LV_[ Lretthy® (5)ds+ IIVIImeL*J Mo (s, ¥® (s,1))ds,
0 0

. (3.7)
VA0 = 2(0) | Mo (s ¥ 9 (s 0)ds
0
with y(©(t) = Z(t) and
t t .
O () = 7]l exp (J Lw(s)ds) +LVJ L*elarliz()ds
0 0
o . (3.8)
+ el | Mol y(0)+ 209+ | Lzezd0)ds
0 s
The remaining part of the proof is split into several auxiliary lemmas.
O

LemMA 3.3. Under the assumptions of Theorem 3.1, there is ag € (0,a] such that
|Au® (t,x)| <GP (1), 1a20 ()] < y B (),

t
1An®) (5:8,%)|| < J L eleay O ()dg (3.9)

on [0,a] X R, and the sequences {y®} and {§'*} are nondecreasing in k.



8 Journal of Inequalities and Applications

LEmMa 3.4. Under the assumptions of Theorem 3.1, the estimate

‘ o[ A Ba]'V?
! I+1 I+6-1/p 4 2%
Lo(s,As +Bt)ds <t pKO [9+l+ 0 ] (3.10)
holds.
Proof. By the Holder inequality, we have
t
J o(s,As' + Bt*1)ds
0
! 1-1/p
spKJ 9 1As' + B ds
0 (3.11)
¢ Up o ot 1-1/p
spK{J 59’1d5} SLI 59’1[A51+Btl“]ds}
0 0
B Aot Byl 1-1/p
R
<pKO 't 0+ 1 8
O

LEMMA 3.5. Under the assumptions of Theorem 3.1, the sequences {1//(")} and {?(k)} tend
uniformly to 0 as k— + .

Proof. Denote M = L,L¥ek%, M* = 1]l el My + Z(a)My, and ¢, = Lfel®. Then the
equation

t t t
() = MJ ﬁ/(s)ds-kM*J a(s,fu(s) +caJ @(()d()ds (3.12)
0 0 s
describes a comparison function ¥ with respect to y + ¥, where
y() =limy® @), F0) =limg . (3.13)

One can prove, by induction on k, that ¥(t) < Crt?? and Cra®2—0 as k— + oo, provided
that the interval [0,a] is sufficiently small. Take an arbitrary Cy which estimates (t).
Applying Lemma 3.4 with p = 2 to (3.12), we get

1/2

A~ jay — C 1 a fay
U(t) < MtCo+ M*t92K0 ‘[M] <192¢C,, (3.14)
where
N 1/2
A A 4T Co(1+
€, = Ma' 2y + a®22K 6 I[W] (3.15)
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Suppose that the desired estimate holds for some k > 1. Applying Lemma 3.4 with p = 2k
to (3.12), we get

v tHHo2 A * ((k+1)6/2 -1 ék Caék e
W) = Mg/ Gt MEEERE2K0 [6+k6/2 6(1+k9/2)] (319
hence /() < t**D82C; |, where
~ ~ ~1/(2k)
A A qglm02 « 1 Ck ¢, Cr ]1 !
Gt = MG +M72K6 [9+k6/2 T o+ k0/2) (3.17)

The constants Cy have an upper estimate of the form AQ¥, thus (¢) = 0 in a neighbor-
hood of 0 (because /(t) < AQFtk%/2). O

LEMMA 3.6. Under the assumptions of Theorem 3.1, the sequences {20 {u®) ) and {17(">}
tend uniformly to z,u[z],nlz] such that z = I [z] .

Proof. We intend to find the following estimates:
y O () < Gty (1) < Crth, (3.18)

where the series >, Cyt* is convergent in a neighborhood of 0. The assertion can be seen
if we replace the comparison equation (3.7) by the inequalities

t ~
Cth > LVJ L el Cysle ds
0
ot -
+ (vl e J Mo (s, (Cr + Ck)slk +L2'<6L‘“thl“+l/(lk +1))ds, (3.19)
0

Crat™' = Z(a) J:Mwo(s, (Cy+ Cr)sle + LF ek Cpt" 1/ (I + 1) ) ds,
with Cyth = Z(a) and some
Co = aL,L¥e b Z(a) + |||l wel My [ o (s,Co+ Z(a) + aL¥ el Z(a))ds . (3.20)
If we put
Iy=0, po =2/0, Ik =k0/2, pr=4k fork=1,2,... (3.21)
and exploit Lemma 3.4, then Cy, Ci can be defined as follows:

Ektl" >L,LF eL‘aJrf‘A thl"ﬂ/(lk +1)

— 1-1/
Ci+Cr  aL¥elaCy ] P
b

il =1 0,+60/2
Flvilee” MypeK6 "t [ 0+ Ol +1)

(3.22)

— 1-1/
Cr +Cy aLjeLcack] P

leos =1 0+6/2
Cr1t*" = Z(a)Mw prK6 't [9+lk * Ol +1)
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These inequalities reduce to the system of algebraic equations

Cy = L,L¥ e Cra/ (I +1)

— 1-1/
Ci+Cr  aL¥elCy ] P
b

IVl Mypke 1| S s 0(h+1) (3.23)
T e
A simple separation of variables yields
Cy=L,Lf el DiCea/ (I + 1) + Cent m,
Ciy1 = Z(a)MkaKyl [Ck+1 m (3.24)

1-1/px

L Gl +L,L¥el o hiCra/ (I + 1)) . aL;"eLf“Ck]
0+ Ol +1)

From the last equation, it follows that one can find positive constants A,Q such that
AQF > Cy. Thus the series >, Cith is convergent on a sufficiently small interval [0,a],
hence the series y(© + y® + - . . uniformly converges, and z'¥) has a limit, which is con-
tinuous. O

CoroLLARY 3.7. If Assumptions (V0)—-(V2), (C0), (A0), (A1), (WO0), and (W1) are sat-
isfied, then there exists the unique solution of problem (1.5)—(1.7), locally with respect to
t.

4. The iterative method: global convergence

In this section, we prove the global convergence of our iterative method, that is, on the
whole interval [0,a]. We deal with the problem of global convergence of the iterative
method in two ways. The first case is based on the method used in the previous section
under strengthened assumptions (A0) and (WO0). Namely, we replace nonlinear Perron
comparison functions by the Lipschitz condition with a function L € L'([0,a],R;) or
with a positive Lipschitz constant L. We also discuss another case which leads to global
convergence results, that is, the monotone iterations with respect to the function z®) | k),
This approach demands some monotonicity of the functions A and W.

4.1. The Lipschitz case. Suppose that Assumptions (V0)—(V2), (C0), (A1), and (W1),
formulated in Section 2, are valid. We modify some assumptions on the functions A and
W as follows:

(IN\O) A:Q—R is continuous in (¢,x,w,q) and there exists a function L € L!([0,a],R)
such that
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(\7\70) W : Q—R and there exists a function L € L'([0,a],R;) such that
| W(t,x,w,q) — W(t,%,w,q) | <L(#t)(llx -+ lw—wl| +1lqg—qll). (4.2)

Using the same notation as in the proof of Theorem 3.1, we have the estimates

t
lan®¥ sl < | 12

0| |ettc-9gg,

t
|Au® (1,x) | = L,||An™ (05 1,x)||exp (f La(5>d5>
0

, , (4.3)
+ ||l exp (J LA(s)ds> J L(s)P® (s;¢,x)ds,
0 0
t
|AZE D ()| < Z(a) J L(s)P® (532, x)ds,
0
where P®)(s;t,x) = [|A70 (s;1,) | + | Au® || + | Az P | .
Denote I, = Jo Lr(s)ds and
t
YO0 =00 + YR+ | Lrebry DO (4.4)
Similarly, as in the previous section, consider the comparison equations
t N N t
PO =L | 1zeb ety ® s+ [vluel | LW 0ds
' ’ (4.5)
ye D (p) = Z(a)J L(s)W® (s, £)ds
0
with ¢ (¢) = Z(a) and
t A
TO1) = vl exp (J Lw(s)ds) +L,L¥elthiZ(a)t
(4.6)

vl el J L(s) (@O (s) + Z(a) + (t — s)L* e Z(a) ) ds.

LemMA 4.1. Under the assumptions (V0)—(V2), (CO), (A0), (W0), (A1), and (W1) the
following estimates hold: |Au® (t,x)| < y™® (), |Az0) ()] < y® (1),

t
|AR® (s;2,%)|| < f Lrety®(0)d¢ (4.7)

n [0,a] x R", and the sequences {y®} and {y®} are nondecreasing in k.

LeEmMa 4.2. Under the assumptions of Lemma 4.1, the sequences {y®} and {y'®} tend
uniformly to 0 as k— + co.
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Proof. Denote M = LVL;"eLf‘”i*, M* = ||[v||web,c, = L}el<, and 1= Jo L(s)ds. From
(4.5), we have the estimates

M (1) < T(a) JtM*L(s)w(k)(s)ds,
’ (4.8)

y (1) < Z(a) JtA(s)w”‘)@d%
0

where ['(t) = exp (fOt(M +M*L(s))ds) and A(t) = fl“(a)M*L(t) +L(t)+ caf. A simple cal-
culation shows that

Z( k+l J‘ dS
y® (1) < ( kO! ) . tel0,al. (4.9)

Hence the sequences {y/®} and {%®'} tend uniformly to 0 as k— + co. O
THEOREM 4.3. Under the assumptions of Lemma 4.1, the sequences {z®}, {u®}, and
{n®} tend uniformly to z, u[z], n(z] such that z = T [z].

Proof. The assertion follows from Lemma 4.2. O
Remark 4.4. The assertion of Theorem 4.3 holds if the integrable function L(-) in As-

sumptions (IN\O) and (WO) is constant: L(t) = L. The increments zk*1) — z(k) |y (k+1) _ (k)
tend to zero very fast since they are estimated by the sequences from Lemma 4.2.

4.2. Monotone iterations. In the sequel, assume that ¢; : E~R is given by the formula
¢j(t,x) = cj(£,x,0) for j = 1,...,n, which means that it does not depend on z. Consider
the differential-functional equation

ZE t, x) = u(t,x)A(t,x, U x), z[ul,), (4.10)
= X

with the function z given by (1.6) and with the initial condition (1.7). Similarly, as in
Section 3, define the iterative method by means of integral equations

t
a(stx) = x— | GG, (4.11)
u®(t,x) = v(0,7(0;t,x)) exp (JtA(QU‘)(s))ds), (4.12)
0
t
ZF (1) = Jw v(0,y) exp (L W (R® (s))ds) dy, (4.13)
where

QW (s) = (s,1(s;t,x), u(f) st 29,
k ( ' Ek)n ! ( >) (4.14)

K (s) = (s 1850, )5 U(s (550,922 )
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Since the functions ¢;, j = 1,...,n, do not depend on z, bicharacteristics at each stage of
iterations remain the same. The iterations start with the functions z(t) = 0,t € [0,a] or
z(t) = Z(t),t € [0,a], where Z is given by (2.13). Both cases demand some monotonicity
of the functions A and W. We modify some assumptions on the functions ¢, A, and W as
follows:

(C0) ¢; : E~R are continuous in (¢,x) and

|[e(t,x) —c(t,%)|| < oc (4, llx —II), (4.15)

where o, is a Perron comparison function;
(A0) A: Q—R is continuous in (¢,x,w,q), quasimonotone with respect to the last two
variables and

where 0 : [0,a] X Ry—R; is a Perron comparison function.
Denote

W(t,x,w,q) = At,x,w,q) + troxc(t, x). (4.17)

Remark 4.5. The monotonicity of the function W with respect to the last two variables
follows from the monotonicity of the function A.

THEOREM 4.6. If assumptions (V0), (V1), (C0), (A0), (A1), and (W1) are satisfied and
zZO(t) =0 (t € [0,a)), then the sequences {20 and {u®} are nondecreasing and tend to
z,ulz] such that z = T [z].

Proof. For a given function z(9), by (4.12), we find the function ), which is the solution
of (1.5). The functions z"), u()) are computed by (4.11)—(4.13). Clearly, z(© (¢) < z(V(¢),
t € [0,a], and the functions u®), k > 0, are solutions of (1.5) for a given function z =
z(® € %. From the monotonicity of A with respect to the last variable, we have inequalities

o (t,x) — F[u®,z2®](t,x) < 0,u®*V (t,x) — F[u**V), 25 V] (1, x) (4.18)

on E, where F is Niemycki operator corresponding to (4.10), that is,

Flu,z](t,x) = u(t,x)A (£, x,ug 0, 2z[u],) — ij(t,x)%(t,x). (4.19)
i1 j

The initial condition for the functions u® (k = 0,1,...) is given by (1.7). The theorem
on functional differential inequalities yields u®) < u**D on E (see [11, pp. 142—145, The-
orems 5.5 and 5.10]). The monotonicity of the sequence {z¥'} follows from (4.13), the
monotonicity of A, and Remark 4.5. O

Now, we discus the case when the iteration starts with the function z(® = Z(t),t €
[0,a], where Z is given by (2.13). Under the respective monotonicity assumptions on A
and W, we prove that the sequences {u¥'} and {z®¥'} are nonincreasing and tend to the
unique solution of problem (1.5)—(1.7). The only difficulty is to choose an integrable
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function u'® which estimates all the solutions obtained in the iterative process. We state
it as follows.

THEOREM 4.7. If assumptions (V0), (V1), (C0), (AO), (A1), and (W1) are satisfied, z©(t)

= Z(t) and u® (t,x) = v(0,7(0;t,x)) exp(fot Ly(s)ds), then {z®} and {u®)} are nonincreas-
ing and tend to z,u(z] such that z = J [z].
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