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Abstract. We consider the classical solutions of mixed problems for infinite, countable
systems of parabolic functional differential equations. Difference methods of two types are
constructed and convergence theorems are proved. In the first type, we approximate the exact
solutions by solutions of infinite difference systems. Methods of second type are truncation of
the infinite difference system, so that the resulting difference problem is finite and practically
solvable. The proof of stability is based on a comparison technique with nonlinear estimates
of the Perron type for the given functions. The comparison system is infinite. Parabolic
problems with deviated variables and integro-differential problems can be obtained from the
general model by specifying the given operators.
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1. INTRODUCTION

During this time numerous papers concerned problems for infinite systems of parabolic
functional differential equations were published. The exposition of existence results for
such problems can be found in the monograph [1], see also [9] and [4]. The papers [2,11,
12] contain uniqueness criteria for infinite parabolic problems. Various applications
of infinite systems of parabolic integral differential equations, such as the discrete
coagulation fragmentation model [13], are listed in [1].

We are interested in establishing numerical discretization methods for solving
infinite systems of parabolic functional differential equations with initial boundary
conditions of the Robin type.
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For any metric spaces X and Y we denote by C'(X,Y) the class of all continuous
functions from X into Y. Let N and Z be the sets of natural numbers and integers
respectively. Denote by [ the class of all real sequences p = {p,},en such that
IPlloc = sup{|pu| : & € N} < oo. For simplicity we will write p = {p,} instead of

p = {putuen- I p,q € 1°°, p = {pu}, ¢ = {qu}, then we set p* ¢ = {puqu}. Put
R to denote the set of all ¢ = (q1,...,¢n), such that ¢; € [*°, 1 < j < n. We

use the symbol M, x, to denote the set of all real symmetric n x n matrices. We
will use vectorial inequalities with the understanding that the same inequalities hold
between their corresponding components. Analogously we understand the inequalities
between infinite sequences. Inequalities between matrices are interpreted by means of
quadratic forms.

Leta >0, b= (b1,...,b,) €R”, b; > 0for j =1,...,n, be given. Define the sets

E=1[0,a] x [-b,b], Eo={0}x[-bb], E=E\ ([o,a] X (—b,b)).
Write
0B ={(t2) € : a5 =b;}, 9 -E={(te)coB:a;=-b} 1<j<n
Set Q= E x C(E,l*®) x R™ X M,,x. Suppose that
fQ=0= f={fu}, ¢©:Eo—1%, ¢o={eu.},

571/):80E_>R$Loa
5: (ﬁl?"')ﬁﬂ% ’(/J: (wla"'7wn)7 5] = {ﬁju}v w] = {’(/}]/J}7 1 S] S n,

are given functions. For the function z : E — [*°, z = {z,}, of the variables (¢, z),
x=(x1,...,2n), and for 1 < j < n we write

Oz = {0rzu}, Op;2 ={0z;24}), Flz] = {F(“) (2]},

FW[2](t,x) = fult,x, 2,002, (t, @), Opuzu(t, ),

where 0,2, = (Oz, 24, - -+ 02, 20)s OvaZy = [Oria; Zulij=1,....n, # € N. We consider the
infinite countable system of differential functional equations

Oz(t,x) = F[2](t, x) (1.1)
with the initial condition
z(t,x) = o(t,x) on Ey, (1.2)
and with the following boundary conditions
Bj(t,x) x z(t,x) + Oy, 2(t, x) = ;(t,x) on 0;F, (1.3)

Bj(t,x) * z(t,x) — Op, 2(t,x) = Y;(t,x) on 0;_F, (1.4)

where 1 < j < n.
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We will assume that the functional dependence in (1.1) is of the Volterra type.

Assumption H[V]. The function f : Q — [°° satisfies the Volterra condition, i.e. for
each (t,z) € E, ¢ e R", r € M,,x,, and w,w € C(E,[*) such that w(r,y) = w(7,y),
(r,y) € E, 7 <t, we have f(t,z,w,q,r) = f(t,x,w,q,r).

We say that a function v : E — >, v = {v,}, is a regular solution of the system
(1.1) if the derivatives Ojv = {9y}, Oriz;v = {0z,a,vu}, 1 < 4,5 < n, exist on E,
04, 0g,o;v € C(E,1%°), 1 < i, j <n, and v satisfies (1.1) on E.

A regular solution v of (1.1) is said to be parabolic if for any two symmetric
matrices 7 = [ri;lij=1,..n, T = [Fijlij=1,....n such that r —7 < 0 the inequality
fult,z,v,0,v,(t x), 1) < fu(t,x,v,0,v,(t 2),7) is true for (t,z) € E, p € N. The
parabolic solution v of (1.1) such that the conditions (1.2)—(1.4) hold, is called a
P-solution of (1.1)—(1.4).

Approximate methods for parabolic differential or functional differential equations
were considered by many authors and under various assumptions. The main problem
in these investigations is to find suitable difference or functional difference equations
which are consistent with respect to the original problem and stable. It is not our aim
to show a full review of papers concerning difference methods for parabolic functional
differential problems. Bibliographical information can be found in [6-8,10].

We propose difference explicit Euler type schemes which consist of replacing partial
derivatives in (1.1) by suitable difference operators. Quasilinear parabolic equations
with the Robin conditions are considered in [3]. In the case of quasilinear equations,
the choice of the difference operators approximating mixed derivatives is locally deter-
mined by the sign of the coefficients in the differential equations and upwind difference
schemes are used. In the present paper, the choice of suitable difference operators de-
pends on global assumptions on given functions (see the definitions (2.5), (2.6) and the
conditions 2) of Assumption Hg[A]). By using explicit schemes, the approximation of
the Robin boundary conditions (1.3), (1.4) requires an extention of the mesh outside
the set E.

In the first part of the present paper we consider an infinite system of functional
difference equations generated by (1.1)—(1.4). If the original differential problem is
reduced to the finite one, then the difference method is practically solvable.

The next part of the paper deals with truncated finite differential functional prob-
lems corresponding to (1.1)—(1.4) and difference functional methods related to them.
We show results of numerical experiments.

Results presented in the paper are new also in the case of infinite systems without
a functional dependence.

2. INFINITE DIFFERENCE SCHEMES

To formulate a difference problem corresponding to (1.1)—(1.4) we introduce the fol-
lowing notation and assumptions. Denote by F(A, B) the class of all functions de-
fined on A and taking values in B, where A and B are arbitrary sets. If z € R",
x = (x1,...x,) then we put || z|| = |z1]+. . .4|2n|. We define a mesh on the set E in the
following way. Suppose that (hg, h'), where h' = (hy,...,hy), h; > 0,0 < i < n, stand
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for steps of the mesh. For h = (hg,h') and (r,m) € Z**", where m = (mq,...,my),
we define nodal points as follows:

t) =rhy, 2™ = (:c(lml), caim)y = (myhy, L mnha).

Denote by A the set of all h = (hg,h’) such that there are Ny € N and N =
(N1,...,N,) € N with the properties: Nohg = @ and (N1hq,...,Nyh,) =b. Let

Rt = (@M, M)y (r.m) e ZH Y,
Ey=ENR™, Eop=ENR™ 0E,=0ENR™

and
E;L:{(t(’“),x(m)) €E: ogrgNoq}.

For every ("), 2(™) € 9yF), we define the set S(™) of s = (s1,...,s,) such that
sl =1 or ||s|]| = 2 and

if xg.mj) =b;, then s;€ {0,1}, if acg»mj) = —b;, then s;€{0,—-1},

and if —b;< x;mj) < bj, then s;=0,
where 1 < j < n. Let
G(TE;L = {(t(r),l‘(ers)) : (t(r), a:(m)) S 80E;L, S € S(m)} and EZ_ = 6S_E;LUEh.

If A, C R,lfn and z : Ay, — 1°, w: A, — R, then we write 2("™) = z(¢t(") z(m)
and w™™) = (") (™)) on Ay,. Set e; = (0,...,0,1,0,...,0) € R” with 1 standing
on i-th place. We define the difference operators dg, 6 = (d1,...,0,) and Jj, 0;
1 < i < n, in the following way. For z : EjF — 1, 2 = {2,}, and (t"), (™)) € E} set

1

502}([,771) — %(Z£r+1,m) _ Z;([’m) )’ (2.1)
8 (rym) _ 1 (r,m+e;) (r,m—e;) 2.9
T Thi(zﬂ ~ ); (2:2)
+ (r,m) 1 (r,m+e;) (r,m) —(r,m) 1 (rym) (r,m—e;)
8; 2y = h—(z# -z, ), 6 z, = h—(z# -z, ), (2.3)

where 1 < i < n, u € N. The difference operator §(2) = [0ij]i,j=1,....n, is defined as
follows. Write
Suz™ =607 2™, 1<i<n, peN. (2.4)

Put J = {(i,j) 1 <4, <n,i# j} and suppose that for each u € N we have

defined two disjoint sets J,, , J,.— C J such that J, y UJ, _ = J. Then for (i,j) € J
: - r,m 1 r,m — 5= (rm
if (i,5) € Ju4, then &2 = 5(5;’5;%& ) +6;76; 20 )), (2.5)

1 ,m —
if (i,5) € J,—, then (5ijz/(f’m) = 5(5?5]_22 ™ 4 0; 5;zér’m)). (2.6)
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Solutions of difference equations will be defined on the set F; . Since system (1.1)
contains the functional variable z which is an element of the space C(FE,[°°), we need
an interpolating operator T, : F (E,J[, 1) — C(E,1*°). Additional assumptions on Tj,
will be required in the next part of this paper. For z : E;‘ — 1, z = {z,}, we put
on Ej

b0z = {0} Fulsl = {Fulel),

Fp 2™ = £, 2™ Tz, 6zl(f’m),6(2)zlsr’m)), weN.
If (t(),20™) € 9By, s € SU™, then we write
gnl2] D = 23 2y (1), @) = (20 gm0y s N2 8 (), 2 ),
j=1 Jj=1

We will approximate solutions of (1.1)-(1.4) by means of solutions of the difference
functional problem

502"™) = F,[z] "™ on  Ej, (2.7)
L(rm) — spgf’m) on FEyy, (2.8)
Zrmas) _ o (rm—s) — gh[z](r’m’s) on 9yEn, s€ S, (2.9)

where ¢y, 1 Egp, — 1%, ¢on = {@n.pu}, is a given function.

Now we introduce first assumptions which allow us to obtain the existence of the
unique solution of the difference problem (2.7)—(2.9). Under these assumptions we
also obtain useful estimates for the solution of (2.7)—(2.9) and for the P-solution of
the differential problem (1.1)—(1.4).

For w € C(E,R) and for z € F(E;},R) we put

jwly = max {fu(r,2)|: (r,2) € B, 7 < 1}, te0.al

2|y = max{|z(”’m)| (W, MY e By, v < 7’}, 0 <r < Np.

Ifwe C(E,1®),w={w,}, and z € F(E;,1>), 2 = {2,}, then we set |w|; = {Jw,|:},
t €[0,a], and |z|y = {|2ul(m }, 0 < 7 < No.

Assumption H[T,]. The operator 7, : F(E;,1®) — C(FE,1*) is linear, Tpz =
{Tyz,} for 2 € F(E;,1°°), 2 = {2,}, and the mapping T}, : F(E;,R) — C(E,R)
satisfies the conditions:

1) ifw,w € F(E;,R) and w = @ on Ej, then Thw = Ty,

2) for w: E}f — R and 0 < r < Ny we have |Thwlym = |w|(,

3) if w: E — R is of class C! and wy, is the restriction of w to the set Ej, then there
exists ¥ : A — Ry such that | Thw, — w |, < (k) and limy, 0 5(h) = 0.

Remark 2.1. To define an example of T}, : F(E;},R) — C(F,R) satisfying the above
conditions we can use the interpolating operator proposed in [5] for the construction of
difference scheme corresponding to first order partial differential functional equations.
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If p e i, p={p,}, then we write |p| = {|pu|}. Let 0 € I*° and 1 € I*® be the
sequences with all the elements equal to 0 and 1 respectively. Put R, = [0, 4+00) and

l‘f:{pelw: p={pu} p#€R+,u€N}7

Iy = {p €l p= {puts HILH;OPAL = O}-
Assumption H[op]. The functions f : Q =1, 8,9 : E — R and ¢ : By — [
satisfy the conditions:

1) there is Ag € I such that |p(t,2)| < Ag on Ey,

2) there is bel™, b= {BM}, such that 3;(t,z) > b>0o0ndE,1<j<n,
3) there exist og € C([0,a] x I3°,15°) of variables (Z,p), and Ly € [ such that
(i) oo is nondecreasing with respect to both variables and o¢(t,p) < Lo for
(t.p) € [0,a] x I,
(ii) there exists on [0,a] a maximal solution wy = {wp.,} of the Cauchy problem

W' (t) = op(t,w(t)), w(0)= Ay, (2.10)
4) the estimates
|f(t, z,w,0,0)| < oolt, |wl), (tz,w)eE xC(E,I®),

it 2)] <b*wo(t), (t,z)€dE, 1<j<n, (2.11)
are satisfied.

Remark 2.2. Suppose that Assumption H[og] is satisfied. Then 7P-solution
v: E — [* of problem (1.1)—(1.4) satisfies the estimate

lv(t,z)| <wp(t) on FE

where wy is the maximal solution of (2.10). This assertion follows from the comparison
theorem for infinite systems of parabolic functional differential equations (see [2]).

Let Bt =[0,a] x (=b",b"), where b € R™ and b~ > b.
Assumption Hy[A]. The functions f: Q — 1, §: E — R, ¢n : Ep.p — [°° and
h € A are such that:

1) Assumption H[V] is satisfied,
2) for each p € N there exist the derivatives

aqfu = (aqlfua .- ~aaqnfu) and a’l”f# = [8Tijfﬂ}i,j:1 ..... n

on €2, they are continuous with respect to (g, r) and for P € Q
aTi_;’fN(P) 2 0 for ('Lv]) € JIL-+’ a""ijfl—L(P) < 0 for (173) € JN-*7

3) there is Ag € I5°, Ag = {Ao..}, such that \gog’m” < Ag on Eyp,
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4) E;f C E* and the inequalities

h
- 22 6,,”f + Y }OL 10,., f(P)| > 0, (2.12)
(ij)eg v
1 LB | 1 )
hiaTuf(P>_ Z hi‘arljf(P)|_§|aq1f(P)‘ ZO’ 1§Z§n7 (2'13)
' j=l#i 7

hold with P € Q, where 0y, f = {04, fu}, 1 < i <n, and the inequality
1-) hiBi(t,z) >0 (2.14)
=1

holds on O E
Lemma 2.3. If Assumptions H[ Ty |, H[oo | and Ho[ A] are satisfied then there exists
ezactly one solution up, : E — 1% of problem (2.7)~(2.9) and

"™ < wo(t™) on By, (2.15)

where wy is the mazimal solution of (2.10).

To prove Lemma 2.3 we can use the techniques from [3| for quasilinear problems.
We need relations

50“5:.:1 Z Oy ful P o [“h])(smu(r o

3,j=1

n
D2 0 S P nd) ST 4 F ()2, Tun,0,0), pEN,

where (t(r),x(m)) € E; and P,Sr’m)[uh] = (t(r) 2™ Thup, £5uhrlzn), 55(2)u§;’lzn))7
¢ € (0,1), instead of (21) in [3].

3. CONVERGENCE OF DIFFERENCE METHODS

Now we formulate general conditions for the convergence of the method (2.7)—(2.9).
For p € I5° we define C,(E, 1) = {w € C(E,I*) : |w|, < p}.

Assumption H[o]. The function f : Q — [° is continuous, Assumption H|oy] is
satisfied and

1) the sequence A € [5° is such that A > 0 and A > wy(a),
2) there exists o € C([0,a] x 132, 1%°), 0 = {o,}, and L € [$° such that
(i) o is nondecreasing with respect to both variables, o(¢,0) = 0, ¢ € [0, a], and
o(t,p) < Lon [0,a] x I3,
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(ii) the function &(t) = 0, t € [0, a], is the unique solution of the problem
() =o(t,w(t)), w(0)=0,
3) the estimate
| f(t,z,w,q,7) — f(t,z,@,q,7)] <ot,|w— D)

is satisfied for (t,2) € E, ¢ € R™, r € M, x,, and w,w € Cu(FE,1°).

Assumption H;[A]. The functions f: Q — 1, §: E — R, ¢n : Ep.p — [°° and
h € A satisfy Assumption Ho[A] and

1) there is a sequence B € I$° such that 3;(t,z) < B on 9oE, 1 < j <n,
2) there is a constant C' > 0 such that ||1/||> < Chy.

Theorem 3.1. Suppose that Assumptions H[Ty|, Hi[A] and H|o]| are satisfied and

1) the function v : ET — 1®, v = {v,}, is such that v(-,z) : [0,a] = I, z €
(—b+,b+), is of class O, v(t,-) : (fb+,b+) — 1%, t € [0,a], is of class C° and
there are co,c1 € I° such that

|02z, 0(t,x)] < coy |Opiz;av(t, @) <1 on Et, 1<i,5,k<n,

and v is P-solution of (1.1)~(1.4) on E,
2) the function uy, : E;lr — 1°°, up = {up.,}, is the solution of problem (2.7)-(2.9),
3) there exists a function vy, : A — 1 such that limp_07y,(h) = 0 and

|%0§:’m) — ot ™Y | <y (k) on Egp.

Then there is v : A — 1° such that limy,_,oy(h) = 0 and

"™~y (t D 5| < y(h)  on B (3.1)

We omit the proof of Theorem 3.1. The case of quasilinear problems is proved
in [3].

4. FINITE SYSTEMS OF DIFFERENCE EQUATIONS

The main task in investigations presented in this part of the paper is to find a finite
difference scheme corresponding to the original infinite problem (1.1)—(1.4). We will
apply the truncation method.

Fix k € N. Let ¢ € C(E,lI*®), ¢ = {¢.}, be such that ¢ = ¢ on Ey. For
w:E— 1% w={w,}, we put

[w]g.g = {w,}, where w,=w,forl<p<k and w, =, forp>k.
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If DC Eand w: D — 1°, w = {w,}, then the symbol w!* denotes the function
w*l © D — R* given by wl¥l = (w1,...,wy). We will treat an element p € R¥,
p=(p1,-..,pk), also as the sequence p = {p, } with p, = 0 for > k. Write

FWE) = (FM, . B ),

ngk] [2](t,x) = fu(t, x, [2]k.g, Oxzu(t, ), Onazu(t, x)),

where 2 : E = R¥, 2 = (21,...,2x), 1 < u < k.
Consider the finite differential functional system

dyz(t, x) = FIFI 2] (¢, ) (4.1)

with the initial boundary conditions

2(t,x) = ol¥l (t,z), (t,x)€ Ey, (4.2)
B, x) * 2(t, 2) + O, 2(t,x) = Pt ),  (t,2) € 0,1 E, (4.3)
B, x) x 2(t,2) — Oy, 2(t,x) = Pt ),  (t,2) € 0, _E, (4.4)

where 1 < j < n.

To estimate the difference between the solution of the infinite problem (1.1)—(1.4)
and the solution of the truncated problem (4.1)—(4.4) we formulate additional as-
sumptions.
Assumption H[o, ¢]. The functions f: Q — I°, 5 : §gFE — RS satisfy Assumption
H[o] and the function ¢ € C(Ey, 1) is such that there exists p € C(E,[*), » = {@u},
with the properties:
1) @(t,x) = p(t,x) for (t,z) € By and ||, < A with A =14,
2) the function ¢(-,z) : [0,a] — 1°°, z € [—b,b], is of class C, the function

@(t,) : [=b,b] = 1>, t € [0,a], is of class C? and there is d € I5°, d = {d,,}, such

that

02,2, 0(t,x)] <d, (t,x)e B, 1<i4,j<n,

3) there is ¢ € [§°, ¢ = {c,}, such that
|0:@(t,x) — Flp|(t,x) | < c for (t,z)€E,
and the maximal solution @ = {@,} of the problem
W(t) =o(t,w(t)) +¢, w(0)=0, (4.5)

exists on [0, a] and lim,_, @,(t) = 0 uniformly on [0, a],
4) the estimates

| Bj(t, ) * G(t, 2) + 0o, Gt ) — (8, 2) | Sb*B(t),  (t2) € 0j4 B,

|ﬁj(ta :E) * @(th) - ijsé(tﬂx) - wj(t7x) | < bx (‘D(t>7 (t, I) € 8j~*E7
are satisfied for 1 < j < mn.
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Remark 4.1. If we assume that the function ¢ satisfies the initial boundary condi-
tions (1.2)-(1.4) and for each p € N there are A, B, € Ry such that for (t,z) € E

|fu(ts @, 2, 00 @ (8 2) D0 (b)) < Apy |0:@u(t, )| < By,
and lim,, o flu = lim, 00 Bu = 0, then the conditions 3) and 4) of Assumption
Ho, ¢] are satisfied.

Remark 4.2. Let a,; € R4, 11,5 € N, be such that the series S, = Zjoil auj, p €N,
are convergent and the sequence S = {S,} tends to zero. Fix the sequence p € [°,

p = {pu}, such that p, > 0 for p € N. Put I[p] = {p el :p< 13}. Then the
function o : [0,a] x I = 1, 0 = {0,}, given by

oo oo
Uu(t7p)zzaujpja pe[[ﬁ]a and U;L(t’p)zzaujﬁja pEZiQ\I[ﬁ]a
j=1 j=1

where ¢ € [0,a], u € N, satisfies the required conditions.
The following lemma will be useful in the sequel.
Lemma 4.3. If Assumption Hlo,p] is satisfied and the function v : E — 1> is
P-solution of (1.1)—(1.4) then
|U(t’ .TZ‘) - (ﬁ(t,l‘)‘ < (:J(t), (t7x) € Ea
where @ is the mazimal solution of the problem (4.5).
Proof. Define ¢ : E — 1, 0 = {0,}, by © = v — ¢. Let the function G = {G,} be
defined on E x C;(E,1*) x R™ x M« in the following way
Gu(tv x,w,dq, T) = fu(t7 z,w + @a q + al@u(t .13)’/' + aww@u(ta J))) - 8t<)5u(ta Jf),

where ¢ € N and r = [ryj]; j=1,... »n. Consider the infinite differential functional system

Ozp(t,x) = Gu(t,x, 2,052, (t, ), Opazp(t, ), peEN, (4.6)

where 2z = {2, }, Ove 2y = [Oz,2; 2uli,j=1,... n- It follows that the function @ is a parabolic
solution of (4.6) such that ¥(¢,2) = 0 on Ey and
| Bj(t,x) * (t, ) + 9y, 0(t,x) | <bx@(t) on 9;4E,

| Bj(t, ) * 0(t,x) — Oz, 0(t,x) | <bx@(t) on 0;_F,
where 1 < j < n. The following estimate

|GL(t, z,w,0,0)| <

< fultszw + @, 05Pu(t, ), OnaPu(t, ) — fu(t, x, @, 0:0u(t, ), O0aBp(t, @) |+
+|FW[E] = 0t z)] <

< ou(ts lwle) + cu
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is satisfied for (t,x) € E, w € C4(FE,l*°) and p € N. It follows from the comparison
theorem (see [2]) that
[o(t,z)] <&(t) on E.

The proof is complete. O

For a function w € C(E,R¥), w = (w1, ..., wi), we write [w]; = (Jwis, - . ., [wke),
t € [0,a]. Put C;(E,R*) = {w € C(E,RF) : |w|, < A}, where A € [ is given in
Assumption HJo, ¢].

Lemma 4.4. Suppose that Assumption H[o, @] is satisfied and:

1) the function v: E — 1, v ={v,}, is P-solution of (1.1)-(1.4),
2) for each k € N the function ul¥ : E — RF, ulFl = (u[lk], .. .,ugd), is the parabolic
solution of (4.1)—(4.4).

Then there exists w*l € C([0,a],R%) such that
Mt z) — ull(t,2)] <wWF(t), (t,2) € E,

and limy,_; o [|w* (1) ||oo = 0 uniformly on [0, al.

Proof. Let k € N be fixed and let the function ¢¥] : E — R* be given by o[k = ul*] —
v[Fl. We define the function H : ExC;(E,RF)xR" x My,,, — RF, H = (Hy, ..., Hy),
as follows:

H,(t,z,w,q,7) =
= fult,z, [w+v]k.p, g+ 0zvu(t, ), 7+ Opgvu(t, ) — fult, z,v,0;v,(t, ), Opzvu(t, z)).

Consider the differential functional system

Oz (t,x) = Hu(t, @, 2,002,(t, @), Opz2u(t, ), 1< <k, (4.7)
where z = (z1,..., 2x), with the homogeneous initial boundary conditions
z(t,z) =0 on Ey, (4.8)
ﬁj[-k] (t,x) * 2(t,x) + 0z, 2(t,) =0 on 0;F, (4.9)
ﬁj[.k] (t,x) * 2(t,x) — Og;2(t,x) =0 on 0;_E, (4.10)

where 1 < j < n. The function #*! is a parabolic solution of the problem (4.7)(4.10).
We use the comparison theorem for systems of differential functional equations to
estimate the values of ol¥.

We need the following additional notation. For p € I*°, p = {p,}, we denote by
0y, the sequence {p,} such that p, =0 for 1 < p < k and p,, = p, for p > k. Let

ol®:0,a] x Rﬁ_ — RY, olkl = (agk], .. .,O'][Ck]), be given by

olfl(t,p) = ou(t,p), 1<p<k. (4.11)
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We observe that
|fu(t, z, [w+ vk, 020, (t, ), Opavy(t, ) — fu(t, z,v, 030, (8, ), Opavy(t, )| <

< U,[f] (t, [wlt) + 0.t Op.at))

with (t,z) € B, w € C;(E,RF), 1 < i < k, where @ is the maximal solution of (4.5).
Then
|H,,(t,z,w,0,0)| < O’Lk] (t, Jwly) + a,[f]

with aL] =0u(a,0p.5(a)), 1 < p < k. Write alfl = (a[lk], e ,a}fk]). It follows that
oM (t,2)| <wll(t) on E,
where w!*! is the maximal solution of the problem
W'(t) = o™ (t,w(t) + a®  w(0)=0. (4.12)

Since limy, 0 [|@*!| o = 0, we have that limy_, o [|w*(t)]lcc = 0 uniformly on [0, a).
This finishes the proof of Lemma 4.4. O

Now we construct the difference problem related to (4.1)-(4.4). For z : E} — R¥,
z=(z1,...,2k), we write

k k k
] = (Flle); - Faile)),
F}[LI.CL[Z](r,m) _ fu(t(r),(b(m), [7—h2]k.¢, (szl(j,m)7 6(2)Z;(¢r7m))
on B, 1< pu <k For (t), 2(M) € 9yEy, s € S(™ we put
gge] [2](rmes) = QZS?}LJ‘@H (t(r),x(m))i(zl(LT,ers)+Z}(Lr,mfs))*zS?hjﬂék] (™), 2(m).

j=1 j=1

Consider the difference functional problem

52 — )™ on B (4.13)
2m) = (o [k])(nm) on Egn, (4.14)
Zlrmas) _ p(rm=s) — g[k][ ](r’m’s) on OE, se€ stm, (4.15)

We formulate the main theorem in this part of the paper.

Theorem 4.5. Suppose that Assumptions H[o, |, H[TL], Hi[A] are satisfied, the

function v : E — [*° is P-solution of (1.1)—(1.4) and for each k € N:

1) the function ul?) : E* — R* is such that ul¥l(-,z) : [0,a] — RF, z € (=b",b"),
is of class C*, ulFl(¢,-) : (—b+,b+) — RF, ¢ €[0,a], is of class C* and there are

cgk], c[lk] € RE such that

1O, w8, 2)| < A (O, ()| < P (h2) € BT, 1<, jk <n,

and ul® is the parabolic solution of (4.1)~(4.4) on E,
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2) the function uglk] : B — R¥ s the solution of (4.13)~(4.15),

3) there is %[ak] : A = RY such that limy,_yo 'yLk](h) =0 and
(o) =GB @ ) 2) <A1 (h) on Eo.
Then there exist ¥ : A — Ri and ¥ € Rﬁ such that
[(ulFhy ) — B @) gy < AR () 4B on B, (4.16)

and limy, o Y*(R) = 0, limg_ o0 [|e® ] 0o = 0.

Proof. Let us fix k € N. Using the methods from the proof of Theorem 3.1 we can
prove that
|(U£L’“])(nm) — B gy < d,}[ﬁ (™) on Ej

where @Lk]

is the maximal solution of the problem

W (t) = oMt w(t) + 3H(R),  w(0) =75 (h),
with 7 fy([)k] A — Rf_ satisfying condition limy, o 7 (h) = limj,_,o q/gﬂ(h) =0 and
with ol¥ given by (4.11). It follows from Lemma 4.4 that

[ulF (¢ )y — Rl () 2ty < WIF (1)) on B,

where w!¥! is the maximal solution of (4.12). Thus we obtain the assertion (4.16) with
vkl (h) = w,[f] (a) and el = W¥l(q). O

5. NUMERICAL EXAMPLES

We consider two examples of functional differential infinite problems. All assumptions
of Theorem 4.5 for these problems are satisfied and we show that numerical calculated
error estimates are consistent with the theory.

Example 5.1. Let E = [0,a] x [—1,1]? with a = 0.25. Suppose that
flt(t7 z,w,dq, ’I") = a‘rCtan(Tll + T2 — g(t7 l’)wu(t7 €2, fl?l))—‘r
+ (2f = (@ — Dwu(t,z) + gu(w(t, ),

where
g(t,x) = 4222 (23 — 1)? + 4223 (2? — 1)% 4 2ta? + 2l — 4t,

4 2
pt 4 10p2 + 5
g1(p) =0, gﬂ(p):pwﬁpﬂfl—?uﬁwpm p> 1.

Consider the functional differential system

8tz,u(t> $) = f,u(ta z,z, amzu(ta x)a aaczz,u(ta x))
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with the initial boundary conditions

5

zu(t,z) =p=> on Ep,

(144t(1 - m%fj)) zu(t,w) £20,,2,(t,x) =p° on 0;4FE,

where ;1 € Nand j € {1,2}. The exact solution is v, (¢, z) = u~° exp[t(zf —1)(z3—1)].
We take @, (t,x) = p=> on E for u € N. Let uﬁlk] be the solution of the difference
method (4.13)—(4.15) with ¢, = ¢. The following Table 1 shows maximal error values

I eﬁf] oo Where e%k] = |u£lk] — vlF |y, for several steps h = (ho,h1, h2) and system
sizes k.
Table 1
k| ho | hi=ho e llos —~logy [| el ||

4 | 277 272 0.96312739241933 - 10~ | 10.01998574424679
279 273 0.26850755315921 - 10™2 | 11.86274970753216
16 | 2711 24 0.06917975692011 - 10~ | 13.81929052997669
32 | 2713 275 0.01741260986243 - 10~° | 15.80950801909845

Example 5.2. Let E = [0,a] x [-1,1] with a = 0.25. Suppose that

fu(ta%uhf]»r) =
p+1

= arctan (r - Z Antay, (t)by 1 (x)[(4n + 1)z? — 3])+
n=2

0.5(—z+1)
+ / (Wug1 —wp)(t,8)ds + gu(t, x),
0.5(—z—1)
where
+1
o tapgo(t) (3N o s L aouts S
auta) = —5o 5 (3) 07w - 8 @) + 3 2nan (),

B(z) =32 —1+2x for xe[—l,%} and fB(x) =0 for xe(é,l},

v(x) =0 for xe{—l,—é) and fB(z) =32% —1—2z for xe{—é,l},

n4n_4 2n—1
an(t) = (-1 gt 7,

We consider the integral differential problem

bo(z) = 2(z? — 1), n>2.

Orzu(t, ) = fu(t,x, 2,052, (¢, ), Ogazu(t,z)) on E,
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zu(t,z) =0 on FEy,
2u(t, ) £ 0p,2u(t,2) =0 on 04+ F,
where 4 € N and j € {1,2}.
The exact solution is z,(t,x) = Z’;;; ta,(t)bn(x), p € N. We take, for p € N,

1
@u(t, ) = 8xsin* (§t($2 - 1)) on E and @u(t,z)=0 on EyUdE.

We apply the interpolating operator T}, : ]:(E}T’ R) — C(E,R) given in [5]. Then the

integrals are calculated by the use of trapezoidal rule. The following Table 2 shows
; (k] (Kl _ [k (k] (k] :

maximal error values || e, [|oo, Where e;,” = |u," — v!™ |(y,) and u;," is the solution

of (4.13)—(4.15) with pp, = .

Table 2
k k
k| ho hy Il e oo —logy || e ||

4 | 279 | 272 | 0.88806256460348 - 10~* | 13.45897915544746
8 | 278 | 273 | 0.24163663270311-10~* | 15.33680128710483
16 | 2710 | 27% | 0.06391724973343 - 10~ | 17.25536323679841

5

32 | 272 | 275 | 0.01597374728806 - 10™* | 19.25586577443758
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