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ON A NUMERICAL SOLUTION OF TWO-DIMENSIONAL
NONLINEAR MITCHISON MODEL



Abstract. In the paper, for the construction of a numerical solution of two-dimensional Mitchi-
son nonlinear partial differential system, the variable directions difference scheme and the difference
scheme corresponding to the average method are used. Practical realization of those algorithms and
comparative analysis of the obtained results are carried out. Numerical experiments are in accordance
with theoretical findings. On the basis of experiments the corresponding tables of data are given.

2010 Mathematics Subject Classification. 35Q80, 35Q92, 656N06, 65Y99.

Key words and phrases. Nonlinear partial differential equations, numerical methods, economic
algorithms, finite difference scheme, variable directions method, average method.

tgboydy.  659OmITo Fohobmbol m@ysbbmIomgdosh sMFOG0g gMdmFsOImgogmgsosh ogg-
096300 9® gob@megdoms Lol gdol Moibgomo 5dmbsblbol sloggds godmygbgdymos (3goe0g-
300 30dsMmgmgdols s AslsTgomgdgmo dgmmeols Yglsdsdolo Lbgsmdosbo ggdgdo. asbbmm-
(309090705 58 >EAMmM0mIgdol 3M5]Hoggmo Hgomobsz0s s BsGomgdgmos Jomgdgmo Ygwog-
3900l gesmgdomo sbosgobo. @oibgomo gdl3g®modgbdgool Ygegagdo gLsdsdolmdsBos mgmmo=
o 33939306, 9JU39M03963gdbYy sYMEbmdom dmigdgmos Yglsdsdolo dmbszgdgdol (3bmo-

9d0.



On a Numerical Solution of Two-Dimensional Nonlinear Mitchison Model 95

1 Introduction

Using the nonlinear partial differential equations, a lot of natural processes are described. Among
them there is one of the important mathematical model that describes vein formation in the leaves of
higher plants. This model was proposed by J. Michison [15].

The model proposed by Michison has the form:

oS 0 oS 0 0S
51371(91@71) 572(172372)’
oS

aazzi =fi(DivDiaT;i)’ i=12,

(1.1)

where S(t,x1,22) is concentration of signal, D; and Dy are diffusion coefficients to the Ox;- and
Oxs-axis, respectively.

Some qualitative and structural properties of solutions of system (1.1) are established in [15].
Investigations for one-dimensional analogue of system (1.1) with two unknown functions S and D; are
carried out in [2]. In [2,15] and [16], the authors pointed out on theoretical and practical importance
of the investigation and construction of approximate solutions of the initial boundary value problems
for systems (1.1). In biological modeling there are many other works where this and many models
of similar processes are also presented and discussed (see, e.g., [3,6,7,16,19,20] and the references
therein).

The complexity of model (1.1), besides of the nonlinearity, is caused by its two-dimensionality. In
general, a numerical solution of multi-dimensional problems is often carried out by applying decom-
position methods.

Investigations for one-dimensional analogue of system (1.1) were carried out in [2].

Starting from the basic works [4,18], the methods of constructing the effective algorithms for the
numerical solution of the multi-dimensional problems of mathematical physics and the class of prob-
lems solvable with the help of those algorithms were essentially extended [8,14,21]. Those algorithms
belong mainly to the methods of splitting-up or sum approximation. Some schemes of the variable
directions are constructed and studied in [1], too.

Some questions of construction and investigation of the schemes of variable directions and the
average model of sum approximation as well as the difference schemes for one-dimensional case for
the system of type (1.1) are discussed in [5,9-13,17].

The paper is organized as follows. In Section 2, the statement of the problem is given. In Section 3,
two economic difference schemes are constructed and the theorem of stability and convergence for the
variable direction scheme is stated. Section 4 contains some results of numerical experiments. The
brief conclusion in Section 5 ends the paper.

2 Statement of the problem

In the domain @ =  x [0, 7], where Q = (0, 1) x (0, 1), let us consider the certain function f and pose
the following initial boundary value problem for the special case of two-dimensional system (1.1):

ou 0 oUu 0 oUu
oo Vi)~ gy (B gy) =0
o1 oUu
i _ ) = 2.1
vi—a(vig) =0, (21)
Vs oUu
E“F‘/Q_QQ(‘/Q%) =0
with initial .
U(1'7y,0) = Uo(x,y), (xay) € Q’
Vl(x7y70) = VlO(Ivy)a (l‘7y) € ﬁv (22)
Va(2,y,0) = Vao(z,9), (z,y) € Q,
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and boundary conditions
U(z,y,t) =0, (x,y,t) € 0Q x[0,T]. (2.3)
Here g, Uy, Voo, @ = 1,2, are the given sufficiently smooth functions such that

Vao > 60, 09 = const >0, (z,y) € Q,

) (2.4)
go S ga(ga) S GO7 ‘ga(é-a)l S Glu é-a S Ra
where dg, go, Go, G1 are some positive constants.
3 Economic schemes
In the sequel, for the construction of the grid on the domain Q we follow the known notation:
o _ =1
wp = {(zi,y;) = (ih,jh)}, Wi = {(l’i,yj) = (7 h7jh>}7
1
@on = { (x5, y;) = h(ff)h)} i i=0,... M, Mh=1,
wah {(I s) (Z 773 hi=0 (3.1)

_ Wh o _
wh =QN0Dh, =", Wh=wnU,
h

wT:{tk:kT, k=0,...,N, NT:T}.

Following the known notation [21], let us correspond to problem (2.1)—(2.3) the following difference
scheme of variable directions:

urr — (V1) — (vouay)y =0, Uz — (V1U1z)z — (Vallag)y = 0,
v + 01 — g1(viurg) = 0, vy + V2 — g2(vaugy) = 0,

Ul(‘T,y,O) = Uo(xay>7 (l‘,y) S whv

U2($7?J:0) = Uo(x,y), (l‘,y) € Wh, (3 2)
vl(xay70) = ‘/107 (3379) € wlhm .
'UQ(‘rayaO) - ‘/20, (xvy) S tha

Ul(l‘,yvt) = u2(£7yat) = 07
($7y7t) € Y X Wr.

Using the continuous variant of the averaged model of sum approximation [5], we correspond to
problem (2.1)—(2.3) the following decomposition finite difference scheme:

U — (Nthz)e =0, ug — (Vallog)y =0,
v+ 01 — g1(viwag) =0, vap + V2 — g2(vaugy) = 0,

ul(xa:%O) = Uo(l’,y), (xay) € wh’

U2($,y,0) = UO(xay)v (:Evy) € whv
Ul(xa ZJ:O) = ‘/107 (xay) € wl}w (33)
U2($72Ua0) - ‘/207 (xay) € thv

uy(z,y,t) = us(z,y,t) =0,
(’:Z:7y7t) G ’yh X wT’
w=muy +nuz, m >0, n2>0, n+n=1

Let us introduce the following notation for the errors: Zy = uy — U, Zy =uy — U, S1 =v; — V4,
SQ = Vg — ‘/2

Theorem. If problem (2.1)—(2.3) has a sufficiently smooth solution, then the finite difference scheme
(3.2) is stable, its solution converges to the exact solution of problem (2.1)~(2.3) as 7 — 0, h — 0,
and the inequality

HZl||Uh + ”ZQHWh, + HSlelh + ||52||U < C(T + h2)

2h T

holds.
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Table 1. CPU time and error for solution u, v1, vo applying scheme of variable directions (3.2).

Error u

Error v

Error vy

t CPU time
0.2 0.074
0.4 0.148
0.6 0.224
0.8 0.301
1.0 0.378

0.00013912790131447
0.00022425859907783
0.00031286373416026
0.00040788793632886
0.00051151056363487

0.00000712766408961
0.00001730244454379
0.00004804529821700
0.00009668298990784
0.00016425091499817

0.00002916084998672
0.00009005618525060
0.00017715471240609
0.00028758192640277
0.00041715052893787

Table 2. CPU time and error for solution u, v1, vy applying difference scheme (3.3) corresponding to
averaged method.

Error u

Error v

Error vy

t CPU time
0.2 0.072
0.4 0.146
0.6 0.221
0.8 0.295
1.0 0.369

0.00006973950435170
0.00007422011594080
0.00007890208614024
0.00008480943243865
0.00009205402490850

0.00001634140038553
0.00003786305693865
0.00006202878270467
0.00008875495749039
0.00011818090303972

0.00001662571352523
0.00003781271060488
0.00005790906416947
0.00007978157763566
0.00010625023389577

Here C is a positive constant independent of 7 and h, the norms are discrete analogous of the

norm of space

Lo.

4 Numerical experiments

Using the algorithms proposed in (3.2) and (3.3), let us carry out comparative analysis of the numerical
results for the above schemes.

Let us take

91(§) = g2(§)

1
gEEa(EE

and choose the right-hand sides of the corresponding nonhomogeneous system (2.1) so that the solution

of problem (2.1)—(2.3) is:

U=uxy(l-x)(1-y)(1+1),
Vi=14azy(l—z)1 —y)(1+t+1t%),
Vo=1+ay(l—az)(1—y)(1+t+t).

CPU time and errors for the variable directions difference scheme (3.2) are given in Table 1 and
the CPU time and errors for scheme (3.3) are given in Table 2.
The approximation error for the variable direction difference scheme (3.2) is smaller compared
with the scheme (3.3). However, CPU time is better for scheme (3.3) than for scheme (3.2).

Table 3. Absolute value of maximum errors and rate of convergence with respect to 7 and h for the

Error

Rate of 7

Rate of h

function wu.
T h
0.00125 0.05
0.0008 0.04
0.0003125 0.025
0.0002 0.02
0.00005 0.01

0.00024074087939129
0.00015728407178949
0.00006418736860213
0.00004172715815061
0.00001084525005050

0.99175505389520200
0.98629676971885200
0.99204420486615900
0.99421791633935300

1.98351010779040000
1.97259353943770000
1.98408840973232000
1.98843583267871000
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Table 4. Absolute value of maximum errors and rate of convergence with respect to 7 and h for the
function v;.

T h Error Rate of 7 Rate of h
0.00125 0.05 0.00015579938599405 0.99768312053704900 1.99536624107410000
0.0008 0.04  0.00009981476150336 0.99879576821464700 1.99759153642929000

0.0003125 0.025 0.00003903430252067 0.99941764475219500 1.99883528950439000
0.0002 0.02  0.00002498844720772 0.99974995294653000 1.99949990589306000
0.00005 0.01  0.00002498844720772

Table 5. Absolute value of maximum errors and rate of convergence with respect to 7 and h for the
function vs.

T h Error Rate of 7 Rate of A
0.00125 0.05 0.00015579938599405 0.99732714185756800 1.99465428371514000
0.0008 0.04  0.00009981476150336 0.99873489122313100 1.99746978244626000

0.0003125 0.025 0.00003903430252067 0.99935953799193100 1.99871907598386000
0.0002 0.02  0.00002498844720772 0.99972504350513300 1.99945008701027000
0.00005 0.01  0.00002498844720772

In Tables 3-5 we also computed errors for different values of time and space steps applying scheme
(3.2) for T = 1 and obtained the rates of convergence confirming the theoretical result in theorem
from the previous section.

5 Conclusion

Numerous numerical experiments are performed for problem (2.1)—(2.3) by using schemes (3.2) and
(3.3). The approximation errors for the variable direction difference scheme (3.2) are smaller compared
with scheme (3.3), but CPU time is better for scheme (3.3) than for scheme (3.2). We have carried
out various numerical experiments and calculated the absolute value of maximum errors for different
time and space steps and obtained the rate of convergence of scheme (3.2). In all cases, the numerical
results fully agree with the theoretical ones.
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