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ABSTRACT
A non-linear prey-predator system solved numerically by Galerkin
method, and we compare these results with the results of Pius Peter
Nyaanga[6] who used finite difference methods, we found that Galerkin
finite elements method is faster than finite difference method to reach
equilibrium state where the density for the prey u(X,t) and the predator

V(X,t) are equals for al the values for Xand t, dso we found that

Galerkin method converges towards the steady state solutions faster than
finite difference method with less stepsin time.

1.Introduction:

The finite element method is one of the most flexible tools available
for solving engneering problems of the kind involved in analyzing the
deformation of solids, the transfer of heat, the flow of fluids, or electrical
problems, it can be applied to systems with virtudly any geometric
configuration or boundary conditions.[1]

The finite element method has developed simultaneously with the
increasing use of high-speed eectronic digital computers and with the
growing emphasis on numerical methods for engineering analysis. Although
the method was originally developed for sructural analysis, the general
nature of the theory on which it is based has also made possible its

113



Saad A. Manaa and Ahmed F. Qasem

successful gpplication for solutions of problems in other fields of
engineering[3].

A basic mode for studying the interraction of species in population
biology is the prey-predator model, the prey-predator model is a planar
system representing the behavior of a population of prey, as fish, and a
population of predators, as sharkg6].

Du and Lou [4] studied some uniqueness and exact multiplicity
results for a predator-prey model, they consider positive solutions of a
predator-prey model with diffusion and under homogeneous dirichlet
boundary conditions,it turns out that a certain parameter in this model plays
avery important role.

Tyutyunov et.al [2] studied directed movement of predators and the
emergence of density-dependence in predator-prey models. Numerical
analysis shows that, on the spatially aggregated scale, the average predator
density adversely affects the individual consumption, leading to a non-linear
predator-dependent trophic function.

Meng and Wang [5] studied asymptotic behavior of a predator-prey
diffusion system with time delays. They found that the globa asymptotic
convergence is established by the upper-lower solutions and iteration
method in terms of the rate constants of the reaction function independent of
the time delays and the effect of diffusion.

In this paper, we will study the numerical solution for prey-predator
system by Galerkin method and we will compare these results with the
results of [6].

2.Mathematical modd:
A basic mode for studying the interraction of species in population
biology is the prey-predator model, the prey-predator model is[6]:

2

%:D1%+au(l- u) - kyuv (1)
2

%:DZ:L_\;' nv +k,uv --(2)

where u=u(x,t) represents the number of fish (prey), v=v(x,t) is the
number of sharks (predator),
(Dl) is diffusion coefficient of the prey,

(a ) isthe rate of growth of the prey,
(DZ) is diffusion coefficient of the predator,
(rr) is positive constant and represents the death rate of the predator,
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k,,k, are positive constants and they represent the rate of interraction
between the prey and the predator which facilitates the killing of prey by

predator.

Withinitial conditions:

u(x,0) = f (x) x1 [o,L] .3
v(x,0) = g(x) x1 [o,L]

here R

0£f(x) foral x1 [O,L]

0£g(x) foral xI [O,L]

and Neumann boundary conditions:

fu _ _ _

ﬁ_o ax=0andx=L } (4
Y =0 ax=0andx=L

ix

3.Numerical solution:

Galerkin’s method has been discussed by several authorg[8]. It is a
means of obtaining an approximate solution to a differential equation. It
does this by requiring that the error between the approximate solution and
the exact solution be orthogonal to the functions used in the approximation.
If we start with a differential equation Lu- f =0 (L isadifferential operator)

and approximate the solution by u” =& N,u; then the solution Lu™ - f =e

where € isaresidua or error. Our desire is to make € assmall as possible.
One way of accomplishing this objective is to require the integral g edx =0
R

for each bass function N,. This integral mathematically states that the
basic function must be orthogonal to the error over the region R [7].
Let U and V' have the normal finite element form:

«_ £
u»u =3 u®
=i
«_ £
v»Vv =3 v®
=i
where the interpolation function are [1]:
=N NP (6

v® =NOv, +NOy,

where N and Nge) are pyramid functions:

N{© =%(ai +b;x) suchthat & =x; and b, =-1
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and
N (© =1(a- +b-x) suchthat a;, =-x; and b. =1
J L ] J ] ! J

and the derivative for (5) is:
du® dN,  dN,
= u +

u.
dx dx ' dx ' .(6)
dv® dN,  dN;
= v, + Vj
dx dx dx

Also integral over the element must involve the integrals of the pyramid
functiong1]:

(‘)Nidx:(‘j\ljdx:lL ..(7)
L L 2

thus

u®@dx :EL(ui +uj)

-2 ©
ov©dx :%L(vi +v;)

L
it has been shown that the general integration formulais[1]:

1h!
SNENPex = 22 .9
o5 (@a+b+1) ©
Galerkin method uses the approximating functions as weighting functions:
W, = Nge) + N ...(10)

4.Element residuals:
The element residuals R, R, associated with the nodesii,j are [1]:

R® =- oW @r©gx
L

(® —_ @ (e
L(e)
where R(e) is contribution of element (€) to residua in equation (1) for

node (i), and R is contribution of element (e) to residual in equation (1)

for node (j).
For the eguation (2), the element residuals O,,0; associated with

the nodesi,j are:
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0© =- W 20@dx
L®
o =- W @0dx
J
L(e
Galerkin’s method [8] is employed for the finite element formulation in
space and time, after substituting the approximation U’ (X,t) and V' (x,t),

the error for equation (1) and (2) are:

2 1 2 1 s
r(xt) :eélilr(e) :eélil [q Dliﬂ ;Xn; +(1- q) ﬂﬂszm ?m+Dt_ u™ §+aum(l— um)— klumvm](e) (11)
i v
O ao(e) - “ “ e LA L
ﬂ

E |sthe total number of elements
for the (ith) node in element (e) in the equation (11), the residudl is:

RO =[R 12, +[R S

t|me
where
(€
® é 2, mHl 2. m 00

[Ri]&:' OgNiéilDlﬂ u2 +(1- q)Dl'"—2 +aum(1- um)- ku™ms dx (13)

L@ ) 1])( ﬂX 0

(e € ggmioym w(.j(e)
[R ]t|me =- (\)gNlé- gT:L:J: ax (14)
e [ 80

L(e))g
also for the (jth) node in element (e) in the equation (11), the residual is:

=R, R

time
where
(e
® é 2, m+l 2, m uo
R, = o 0T e o, T . ). o 19
e @ é X X Og
(e)
e e m+1 _ wo
[Rj](-e) - (\)(;Né_ u_u_ ax (16)
time (9”8 I3 Dt
U e Ay

for the (ith) node in element (€) in the equation (12), the residud is:
o =[0,[oue + [0/

time
.(€)
é ﬂZVm+l ﬂzvm 09
(0], =- oéN,équ (- QD - V™ kU™ (17)
g & %2 x Og
. ..(€)
®e é ﬂ,mﬂ - y™Mauo
o|® =- §CN. & - dx ...(18)
[ |]t|me L((e)»(é\ Ie ngB
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also for the (jth) node in element (e) in the equation (11), the residudl is:
0® :[o.](e’ +[o. e)
] Jdgpace ]

time
where
©)
@ & qy™ 2vm o0
[0, =- o&N;e@D #1- D, - v kU™ E dx -(19)
oo 0k g T S T
..(e)
% e a/m‘*l_ Vm wo
o,J@ =- geNe &—Y 37 dx ...(20)
time L(e))g ) Dt mﬂ

Now, we use the integrating by parts and use the neumann boundary
conditions(4), the equation (13) becomes:

NC)
¢ dN qu™t dN; qu™ u
R = oD, —- +(1- gp;—-—- N, u™)- ku™vm g d
[I]space ng*]ldx x + q)ldx ™ (au(l ) lUV)H X
.(21)
from eguations (5), (6) and (7), we get:
; ()
b.b,
[R ® éZID bbu Uf’"ﬂ“‘ngl%E gl q %ﬂ um
e 1] u

31 )D #ﬂ ur- a C{N (N +N U Oex+a oeN (Niu{“+Nju;“)Zg(e)dx
a

+k1c‘{Ni( Nu™ +N;u; XNV +N,v; )]()dx
L©

and by using equation (9), the above egquation becomes:

p .(€)
é _bbu b,b;
[R](e) _e bbﬂ u™ +ZD, — —u uj" +gl qD143 u"
e L o é L u
b.b. u(e) NCI: (e .(e)
gl_ q)Dl#u u;n - 2 Lulml',j - ea;Lquu +ea,_|_(uim)2llj +
g LN Tgshy Tge iy T84
NOR NCR (9 \(®
U ey ST+
&6 ety T8 g1 t
éle umvmu ekl mvm @(e) ..(22)
T8 ey

from the time term (14) in the (ith) node, we get:
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é N,
R =- gEN;& a0 d
[ ]t|me ng |S’W£E X

g_m(>—(>

finally this becomes:

. .(e) : . (€) . . (€
[R ](e) _el— u m+ el— U m+]_ el— u um_el— u um (23)

1=t o e T o T e
Similarly, the equation (15) for the (jth) node in element (e) becomes:

) (8) NC)
é bbu é bbu bbu

R ]‘e) =D, ——q U™ +a&b, —’L’u u" + 2(1 qD —L'u u"
é u e u u

"ge M TEa M TR Te
NI (€)

+ ek,L umym Uy ekil umMym u (24

g1z ' 'H g4 7

©® —_ A ~ _—
[ Jtin‘e_- OgNJe- D U dX
L(e))g =) g
P . (e) . < (€) - < (€) - NG
_ELU m+1 ELU m+1 ELU m ELU m
= > u™+ (25)
DtH

B TR =TI T
this completes all of the residuals of the equation (11).

For equation (12) and by the same mannar we have:
. NC)
é _ dN, ™ dN, ™ u
019 = yaD,— +(1- gD, — —+N, [mv™ - k,u™Vv™}; dx
[ ] L((3)21 27 (1- g, X X |( 2 )H

by using the equations (5),(6),(7) and (9) , we get:
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.(€) , (e
é bbu
010, =50, 22" v+ 40, B0 ma 1. o, B0
& Lo é L g ) Lo
; bb . \© © \©
gl_ q)DZLH ij +e‘,.l\/iml;l +eri\,]!“‘4 - gk,LLuimﬂVimE
é L g €3 'H &6 'H &4 a

. L (€) NG N
ekzl— m+1, ,mU ekz m+1, ,mU ekzl— m+1, mU

_812 : vJH e12 uj vIH _8_12 uj jH (27
the time term (18) in the (ith) node is:

& é a/mﬂ V (110()

O]9 =- gN,& 6—— 37" dx
[0 ] ng |g§ o %E
6L U 6L U 6L U LU o
Gol 1 Tgeotd & ' genid )
also for the (jth) node in element (e) the equation (19) becomes:
NC) 4
é
[Oj](e) g:]D bb u Vm+l+§:]D gl q bb U Vim
L H é
gl m ém. mU() em— mU() ekl—um+lvmu(e)
"B "3V €12 VY
. (e) . NCI NC)
€KL ma o mU EKoL g mU &KL g mU
e, U Vig te U Vg e, Y Vi ~(29)
g12 g €12 ua €4 a
by the same way asin residud (ith), we get:
(®
e a/mi-l v wg
o], = ofe B o o
L(e))g ) Dt mg
:_L L,'I m e L U m+1 e:_L L‘,'I(‘a)v.m. éLL,'I Vf.“ (30)
&6Dt H SsotH gt ' &pt )

5.Element matrices:

It is convenient to organize the residauls in element matrix form
because a set of smultaneous nodal equations must be solved at each time
step. Then the normal assembly procedure can be used. The terms involving
nodal values at time step (m+1) are unknown and appear in the element

matrix. All other terms are known and go in the element column [1].

They have the form'
m+1 aJmU
—[ Jog" - [oe" g
SRJU m lQ @ujn[;l
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the particular components can now be evaluated.
The element residuals are written as:

(e) &R, U <(€) éR, l](e)

gRluspace gRlutlme

substltutlng the equation (22) and (24) for the space residual yields:

R,

)(:\ (:z

, NG . <
o b bbu Gb bhU
&R L LY &

G -pel Lu et baan et @
&, U = U' ue.,u -
. 1gqu bjbjg aimy 1gqb bbg g

L LH eL LH

(
g—L+—Lu{"+a—Lum+&v{"+&vm _"il‘+"i|‘uf"++&vim+&v!n géf"u
+a 4 6 ' 4 12 6 12 12 12]0éiu
m
é _iL+iL Im+&vim+& m _iL+iLUP+iL !"+&Vim+&v!“u é’lj a
¢ 6 12' 12" 12 3 6 47 12 4 'q
and the time residuals (23) and (25) gives:
&R, eL Lu® e L Lu?
u € U &'""u & oy a ey'u
gR.u =§3E1 63@ € malté 3Et 6Etg é ..(32)
iOime 6— —q & 06— -—qg &0
eeDt 3Dt é 6Dt  3Dta
each has a set of terms evaluated at time step (m+1) and another at time step

(m).
combining the terms at time step m+1 gives the element matrix:
B]° =q aeolo 61 - WM™ mL g9 1

é + + ~0  ..(33
eLg 1 1@?1 e6Dtg gl. @Jmlg (33)

also the element column is:

_ . a0l JuEUmU aL 2@ w4
[d@ =@ gc22 o A4l &nt -0
iLo 81 157G &, el
éal al .ol o kL . ki al al ., kL o kL, o
g5t Uty i TSV PP B Ber A RV
£3 4 12 6 1 12" 12 ool
m>
é _ﬂ-‘l]-mki-vim leA _1L+1leﬂ-mki-vim+ki-mu &g
2] 6 12 12 12 ! 3 12

also we can write the equations (27),(28),(29) and (30) as:
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i~ ~(€ . N . N
0. U &My év™u
& =[B17¢ nau- 1] o
evia &i @ €i g
where
1 &MU L Y& 1™
6] = aeDzO 61 -1 0 & lu ...(35)

e +u+(; A e U
KL &1 1H@Vm1g é6Dtg gl Zu@mlg
also the element column is:
3@20 'é1 1uévmu el ¢ 1ueévm‘

[C ©=_@1-q Ute——= @
e L g e-l :l.u@VJ g e6DtQ; gl. 2u @VJ g
ém _ @ m+l _ k I— m+1 E_ kZL m+l kZL m+1u() (36)
65 u; uj Ui Ui g e\/m
- & 3 4 12 6 12 12 a6
amk Kok jma KoL ma ML KoL mua Kol may gvf" :
€6 12 12 3 12" 4 Q0

assembling the global matrices for the equations (33) and (34), we get:
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€4 XC
a&P LU

: 0
é LU v
Ca—+— éﬁw—q 0 0 0 u
eeL g e L 6o u
é U . s
& L &, a9 é i L a QJ_L”HLJ
& tLu é 7t a0 é 7t 0 0 a Smau
§ L eog éeL 3] é L e i éj,z U
é l q &und
é [ a Swl
é - e u
S l U el g
é a § U
é ! g e
é N a S d
é M a e u
5 - el g
é a Smas
é 0 0 éCi:)_|_+LLJ(e) éml+zLL‘§e) éq31+|_L§e)u %\r«?;luu
A &t & —0 & ~t—( n 10
g EL e &L =i &L el 3 an'
é é LL‘J(e) éD; LL‘J(e)L'J
é 0 0 0 g *t—0g & *t—g u
€ayu
é. 0
a1y
e&s1 1
é i ua
&y G
=&, 0 ey
e "
é ua
éy u
é ]
&g
€31 H
where
..(e)

1- q)D 2L aL alL aL k,L k,L
ll:gew+_+___uin__u;w_;vin_;vgwg um
& L 6Dt 3 4 6 4 2’y

.(e)
+di)Dl+L+a_L_a_L m_& m_& mge m
C us A vy'E uj
e L ebt 6 12 12 1 I
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..(€)
a21=a£1 q)D1+L+a_L-a_Luf‘-&vi"-&Vg]g uy"
& L 6Dt 6 12 12 12 “g
..(e)
LB aD 2 Al Al e Al kb oo Kb ong®
& L 6Dt 3 6 4 12 4 ‘g
..(e)
+ge @ Q)D1+£+a_L_a_Lug1_a_L g]_&vg]_kl_l-vg‘g uy
& L 6t 3 6 4 4 12 ° g
..(e)
+g§l Q)D1+L+a_'-_a_'-ug1_&vg1_&vf3"9 ug'
& L 6Dt 6 12 12 12 °g
_al-qD, . L .alL aL kL kL om0
emTE L e e 2V e 1 ey U
@ (1-qD, 2L alL aL aL k,L k 6
+g—( Lq) 1+a+?-?unm_2'7 nm.l'ﬁvnm-Z_%vnm-lg unm-l
e (1-gD, 2L aL aL , aL k,L kL .67
+Q—( q) Iy —+——. == nm'_Unm.l'Lvnm-l'LVnm+ Unty
& L 60t 3 6 4 4 12 "g
+$é—1' @0, , L ,ab Ak m Kl m &VmQ(E)Um
& L 60t 6 12 " 12 "' 12 "g "
(©
nlzgl Q)D1+L+3_L_3_Luml_&vnm_l_kivnmg Unm_l
& L 6Dt 6 12 12 12 "g
(©
2@-gb, 2t al abm ab m Kbym Kb 0" m
& L 6Dt 3 6 4 1 4 g

assembling the global matrices for the equations (35) and (36) we get:
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éap, L e, L? 0

125

é 0
8L ol € L el
&, Ll @p 2’ e, L 0
§ ol §L @i & L af
é N
é
é M
& N
e
& M
é I
é
é M
é © ©
¢ o e, Ll ap 2 ¢
A & L af L o & L
é R
& o0 0 0 @, L7 ab,
] L exd &L
eh, u
e u
abuy
€hy U
e u
el g
éy u
S .69
gl q
€y 4
e u
el g
& 0
1)
8hy g
where
by =2 @0z, 2L koL s Kol ma8”
nUg L 6 3 4 ' 12 % 4 !
Lg-9p, L n JKob i, Kol 18
& L 6t 6 12 ' 12 ? 4 *?

[(o jan} e ey enl enj en e} enf enY e} en} en ) e Y en} en} en e eny enly end

N
L)
o oooooooo oo o oc

D D> D D D D D D D D>
= = = = = =

>
>
&

=]
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..(€)
bZl 85(1 Q)Dz E_‘_kil—u;nﬂ_i_&urzmlg V{n
e L 6Dt 6 12 12 ']
2 -0, 2L oL kol w10 m
e +—2-yM+ 2y v
e L 6Dt 3 12 7]
39(1 Q)Dz M KoL e Kol m+16(e) m
— -+ —2mugt 2t v
€ L ‘oo 3 4 1 p
.(€)
+§—1- 9D, +L E k_Lur2n1+kLLugn+12 Vg‘
e L 6Dt 6 12 12 ']
()
by =G D024 = Moy oyt Kol ypat© Ty,
L 6Dt 6 12 12 ']

(e
+ge&+£_ E.F koL T A KoL Llm+10

= V
& L 60t 3 12 "2 4 ™t
L2 @D, 2L M kol kol m+1o(e) m
L e 3 4 iyt Ve
(e)
+8é1_+m2+$- %+—k12|' umt 4 Kok malym
..(e)
g{l cI)D +$_%+% nm_*‘ll_i_%unmﬂg v
e

..(e)
+¢;e (- gD, 2L rrL k,L unm_zl+&unm+lg ym
e L 6Dt 3 12

we can solve the previous systems (37) and (38) by using the Gaussian
elimination method.

6.Numerical results;

In this section, we have solved the systems (37) and (38) with the
neumann boundary conditions [6]:
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fu

—=0 ax=0andx =L
X
v
—=0 ax=0andx =L
X

and initial condition [6]:

0) =f = -+ — - I [OL
u(x,0) =f(x) 1Osm gﬁpx;loosm (éﬁ)px‘Zj x1 [O,L]

1,894 6.28 . ,25 0 R

,0) = == —+— hd I [O,L
v(x,0) =g(x) 1Osm gﬁpx;loosm (éﬁ)px‘Zj x1 [O,L]
where step size L=0.05 and time step Dt =0.1,D, = D, =0.001,a =1,
k, =k, =1, =0.5 and m =0.06.The results are given in table (1) and
fiqure (1).
When we take step size L=0.05 and time step Dt = 0.1, D, = D, = 0.001,
a =1k =k,=0,=0.5 and m =0.01.The results are given in table

(2) and fiqure (2).
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Table (1). A comparison between the F.D.M. and Galerkin F.E.M. with the

initial condition: ) = L2824 0,28 o5 06
P00 =900 = 58N e 0 P 100" %1005
Finite difference Galerkin finite Finite difference Galerkin finite
method element method method element method
Dy =0001,D, =0001 | D; =000LD, =0001 | D; =0001D, =0001 D; =0.001 D, =000
ky =Lk, =La =1 ky =1k, =La =1 ky =Lk, =1a =1 ky =Lk, =1a =1
m=0.06,q =0 m=0.06,q =05 m=0.06,q =0 m=0.06,q =0.5
L = 005Dt = 0.1 L =0050Dt =01 L =005Dt =0.1 L =005Dt =0.1
t=14.5 t=14.5 t=8 t=8
u(x,t) u(x,t) V(x,t) V(X,t)
0.01727364 0.01695454 0.73037235 0.77554676
0.01708765 0.01677521 0.78649215 0.81768448
0.01662541 0.01632946 0.90756766 0.91319185
0.01612475 0.01584698 1.01406856 1.00260765
0.01583993 0.01557386 1.06219185 1.04482057
0.01590271 0.01563745 1.04067279 1.02619394
0.01624954 0.01597543 0.95552985 0.95602083
0.01666076 0.01637400 0.83812229 0.86014518
0.01688514 0.01658927 0.75844870 0.80048434
0.01677429 0.01647741 0.78238088 0.81935633
0.01635754 0.01606683 0.89132091 0.90468775
0.01582614 0.01554364 1.00784963 1.00161710
0.01543709 0.01515988 1.07730649 1.06259648
0.01538274 0.01510713 1.08208726 1.06755464
0.01569478 0.01542225 1.02331169 1.01715799
0.01623924 0.01598064 0.91868160 0.93018756
0.01680249 0.01657747 0.81536852 0.84587901
0.01720984 0.01704017 0.77568034 0.80700317
0.01740547 0.01730286 0.81304924 0.82317497
0.01745113 0.01740520 0.87418656 0.88141190
0.01745008 0.01742652 0.87151268 0.87991302
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Table (2). A comparison between the F.D.M. and Galerkin F.E.M. with the

initial condition: ) = L2824 0,28 o5 06
P00 =900 = 58N e 0 P 100" %1005
Finitedifference Galerkin finite Finite difference Galerkin finite
method element method method element method
D, =0.001,D, =0.001 | D, =0.001,D, =0.001 | D, =0.001,D, = 0.001 | D, =0.001D, = 0.001
k =0k, =0a =1 k,=0k,=0a =1 k,=0k,=0a =1 k =0k,=0a =1
m=0.0Lqg =0 m=0.0Lg =05 m=0.0Lg =0 m=0.0L,q =0.5
L =0.05Dt =0.1 L=0.05Dt=0.1 L=0.05Dt =0.1 L =0.05Dt =0.1
t=9.5 t=9.5 t=13.5 t=13.5
u(x,t) u(x.t) V(x,t) v(x,t)
0.99940894 0.99945457 0.04189622 0.04110720
0.99942310 0.99947123 0.04243666 0.04159035
0.99945826 0.99951240 0.04377318 0.04368605
0.99949645 0.99955657 0.04520580 0.04507065
0.99951882 0.99958132 0.04599873 0.04578861
0.99951566 0.99957533 0.04577925 0.04560786
0.99949131 0.99954407 0.04473965 0.04469978
0.99946153 0.99950661 0.04353281 0.04364617
0.99944485 0.99948520 0.04291766 0.04312346
0.99945266 0.99949328 0.04334606 0.04323447
0.99948332 0.99952845 0.04471343 0.04468572
0.99952344 0.99957422 0.04640577 0.04632790
0.99955527 0.99960918 0.04761370 0.04743364
0.9995658 0.99961824 0.04774012 0.04755889
0.9995528 0.99959954 0.04668071 0.04659355
0.99952469 0.99956406 0.04483322 0.04477505
0.99949472 0.99952862 0.04284876 0.04277671
0.99947379 0.99950634 0.04128434 0.04110823
0.99946514 0.99950015 0.04036425 0.04020614
0.99946458 0.99950323 0.03997844 0.03992289
0.99946542 0.99950576 0.03988856 0.03979043
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Galerkin
Explicit ----------
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Figure (1). Comparison between the F.D.M. and Galerkin F.E.M. with theinitial

condition: f(x)=g(x):1%5in28%pxg+%gnzaio(5) 8.
é g é ]

wherea =1,D, =D, =0.00Lk, =k, =1, = 0.06 and t=105
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1 Galerkin

Explicit --------

populations

0.4LC I I I I I | I [
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

X

Figure (2). Comparison between the F.D.M. and Galerkin F.E.M. with theinitial

condition:
f(x)=g(x) = isinzgéz—4 px9+£sin2€9—5 px 2. Where
10 el0 g 100 el00 g

a =1,D,=D, =0.00Lk =k, =0,1m =0.01 and t=215

7.Discussion:

The main conclusion, which we can draw from this result is that
Galerkin finite element method is faster than finite difference method to
reach the equilibrium state and to reach the steady state solutions with less
steps in time, from Fiqure (1) and table (1) it is obvious that Galerkin
method is faster than finite difference method to reach the equilibrium sate
where the values for u(x,t) are equal for dl the values (x) and (t), and v(x,t)
is also equa for dl the values (x) and (t). Also Galerkin method is faster
than finite difference method to make the predator v(x,t) reach the steady
state solution (v=1), while the prey u(x,t) decreases to steady state (u=0) in
far time steps, given that the rate of interraction (k, =k, =1) between the

two species and the rate of death (I =0.06) of the old predator, and the
rate of growth (a = 1) of the prey.
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With an interraction (k, =k, = 0) between the two species and the

rate of death (rr = 0.01) of the old predator, and the rate of growth (a =1)
of the prey, Galerkin method faster than finite difference method to reach
the prey u(x,t) and the predator v(x,t) to the equilibrium state and to make
the prey reach a steady state (u=1) and the predator to steady state (v=0) in
far time steps as shown in table (2) and figure (2).
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