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Abstract: In this paper, we construct new nonstandard finite difference schemes to approximate a set
of positive solutions for the predator-prey model, which contains different functional responses. The
organization of the denominator of the discrete derivative and nonlocal approximations of nonlinear
terms are employed to design the new schemes. The approach results in significant qualitative
improvements in how the numerical solution behaves. We establish that the proposed nonstandard
finite difference methods are elementary stable and satisfy the positivity requirement. In addition,
the instances of applying PESN methods to some predator-prey systems using the Beddington—
DeAngelis and Nicholson—Bailey functional responses are provided here. Finally, some numerical
comparisons are presented to illustrate our findings. Our results indicate that the proposed methods
are very suitable for the symmetric model of predator—prey.

Keywords: predator—prey; positivity; elementary stability; nonstandard finite difference scheme

1. Introduction

Symmetry in mathematics often emerges in mathematical models. This concept helps
to find the high-quality results for vital problems in a variety of fields. The predator—prey
model is one of these problems, which is introduced in full below. The following nonlinear
system, which pertains to ordinary differential equations, provides a general model for the
predator—prey systems an important phenomena in the biological systems [1—4]:

ds

5= p(s) —arf(s,r); s(0)>0,
dr (1)
- rf(s,r) —u(r); r(0)>0,

where s and r stand for the prey and predator population sizes. Here, p(s) = s indicates
the inherent rate of growth in the prey and y(r) = dr the mortality rate of the predator. The
transformation rate constant a stands for the assimilation efficiency of the predator, and the
function f(s,r) = sg(s,r) is designated as a functional response, indicating the per capita
predator feeding rate per unit time. Following [3], it is assumed

98 98

s==+g>0, =<0

P = (s,7) € R?. )

g(s,r) >0,

System (1) has been simulated and solved by many numerical methods, those methods
are nonstandard finite difference (NSFD) [3,5-20] and generalized finite difference method
(GFDM) [21-23].

In this paper, we focus on constructing the new NSFD methods based on whether
the numerical solution of (1) is positive and elementary stable with appropriate choices
of the model parameters [4,24-33]. In fact, the main motivation of this paper is to solve
predator—prey systems with simple and low computational cost methods while preserving
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qualitative characteristics such as positivity and boundedness. These nonstandard methods
are more effective than standard methods, such as the RK4 method, and standard ready-
made MATLAB codes, such as 0DE45, to preserve the same qualitative characteristics and
having milder oscillations. Moreover, the implementation of these methods with large
steps also provides a relatively good solution.

The rest of the paper is structured as follows. In Section 2, we present some prelim-
inaries. Section 3 provides the new schemes. In Section 4, the positivity property of the
new schemes is presented. In Section 5, the elementary stability of the proposed schemes
is analyzed. Section 6 is devoted to the results of the proposed schemes, the fourth-order
Runge-Kutta (RK4) method, and the existing NSFD method in [3]. Finally, Section 7 wraps
up the paper with some conclusions.

2. Preliminaries
System (1) has two equilibria as:
(i) The trivial equilibrium (s, 7o) = (0,0);
(i) An interior equilibrium (s*,r*) satisfying s*g(s*,r*) = d and s* = adr*;
where (0,0) is always linearly unstable and the interior equilibrium (s*, r*) is linearly stable
if
D(s*,r") = s*g—f + ads*g—f +adg >0

and 3 3
* K\ ko 7g Pt 78
T(s*,r*) =s*r 5y T A <0
are satisfied simultaneously, see [3,34,35] for more details.
System (1) is a first-order system of ordinary differential equations (ODEs). General
first-order system ODEs, can be written as follows:

v = Fv ), (120, Vo) =W, ©)
where V can be regarded as a single function or as a vector of functions of length k mapping
[to, T) — C¥, and the corresponding F is a single function or a vector of functions of length
k mapping ([to, T),C*) — ([to, T), C¥). If we define t, = ty + nh, where h > 0 is step-size
and

V= V(tn), (4)

then the discretized version of (3) becomes
DhVn :fn(F,Vn), (5)

where D}, V;, stands for the discretized model of % V(t) and F,(F, V;,) approximates F(V (t,))
at time £,,.

The definition of the nonstandard one-step finite difference method rests on Anguelov
and Lubuma [34].

Definition 1. A discrete version of (1) is called the nonstandard method provided that one of the
conditions below is satisfied:

(i) In the discrete derivatives of % and % a non-negative function substitutes the step size h,
@ (h) such that
p(h) =h+0(h*) as 0 <h —0; (6)

(ii)  Nonlinear terms in the right hand side of (1) are approximated in a nonlocal way, that is to
say, by an appropriate function of some points in the mesh.
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For instance:

V&2V — Vysa,
V2 &V, % Vi1,
V3 aV2s Vi + (1 —a)Vyx Vg x V1.

3. Development of New NSFD Schemes

Using the strategy of the nonstandard discretization methods [27,29], we propose a
family of positive and elementary stable nonstandard (PESN) schemes for system (1) of
the form:

Sk41— S
kﬂihk = (Osk + 115k41) — A8 (Sk, 1) (YSkr17k + O5kTh11),
¢(h) @)

r — 7
% = 8(5k, i) (YS17kc 4 Osric) — d (1 +177)

withd +7=1,74+0 =1and
p(n) = 2019
q
for 0 < ¢(hg) < 1.

By selecting different parameters for the above system, we examined the constructed
methods and gave two examples. It is worth noting that the following methods, unlike the
standard methods known as RK4 and RK2, retain the positive property, one of the most
important properties of the predator—prey model, and have better speed and convergence
to equilibrium points. Further, these methods have less fluctuations and better convergence
than other nonstandard methods, such as the suggested method in [7].

3.1. Scheme 1

After taking the values of 6 =2, = —1,y = 1,0 = 0 into the (7), the discrete method
is obtained as follows:

o 1+ 2¢(h)

F T T () (1 ang(se ) ®)
o L)+ spag(sk i)

k+1 = 1+2dg(h)

3.2. Scheme 2
It is produced by takingd = 1,7 =0,y = 2,0 = —1,9 = 1, ¢(h) = h, which results in

1+ h+ ahrig(sg, i) s
1+ 2arhg(sg, rx)

Sk+1 =

)
1+ 2hsp 8 (s k)

1+ hd + hsgg (s, i) ¢

Tk41 =

4. Positivity

Under this heading, we examine positivity as a property of the method devised in
the previous section. The property suggests that the component-wise non-negativity of
the initial vector is preserved in time for the solution. Mention should be made of the
fact that positivity preserving of a numerical method is important when it is employed to
solve differential models associated with population biology, for these state variables stand
for subpopulations that never take negative values. There are many NSFD schemes in
the literature.
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Definition 2. A discrete finite-difference scheme is called positive if the corresponding solution of
this scheme is non-negative for any h > 0, and ro € R',, i.e., forallk € N, r € R}

The new schemes preserve the positivity property as expressed in the following theorem:
Theorem 1. The schemes (8) and (9) for solving system (1) are positivity.

Proof. It can be easily concluded that schemes (8) and (9) are unconditionally positive (for
any h > 0) as the constants a,d > 0. O

5. Elementary Stability

The construction of difference schemes, preserving the local stability of the equilibrium
points, is of great importance in the numerical solution of ODEs. The difference schemes
with this stability property are named elementary stable schemes [6,26,34,36].

Definition 3. The finite difference method is regarded as elementary stable, provided that for any
value of the step size h, its only equilibrium points E can be of the original differential system and the
linear stability properties of each E are akin to both the differential system and the discrete method.

This section is devoted to presenting the main result of this paper. In order to prove
this result, the lemma below is required, which can be seen in [4,7].

Lemma 1. For the quadratic equation A> + AA +Y = 0 by applying the famous Jury condition [4,11],
both roots satisfy |A;| < 1,i = 1,2 if the conditions below are met:

i) 1+A+Y>0;

(i) 1-A+Y>0;

(i) Y <1

Theorem 2. The schemes in (8) and (9) are elementary stables.

Proof. The Jacobian | of the scheme (8) has the form J(si, %) = [jmn(Sk, 7)]2x2, for
m,n = 1,2, where
() = 1+2¢(1) _ang () 3 (e (L1 29(1)
’ 1+ o) (1 +arg(sk,re))  [1+ @(h)(1+arkg(se, 1e))]1>
ooy = " (805t 1) + 1 (5112 ) (1 -+ 20(h)
S, k) = — Sk,
2tk Tk [1+ () (1 + anglse, 1) P ¢
| o) (glsk i (s m) + sk 3 ()
]Zl(sk/rk) - 1+ Zd(p(h) Tk,
| 1 g() (A4 s (k1) + izl T (st )T+ Smi i (k)
Substituting (sg,79) = (0,0), we obtain
1+2¢(h) 0
_ | T+o)
1(0,0) = ) 1+ d(h)

14 2d¢(h)
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The eigenvalues of the matrix are

_ 1+2¢(h) _ 14de(h)
YT 1190 and A = 1+ 2de(h)’

Since |A1]| > 1 the equilibrium point (0, 0) is always unstable. Further, for the equilib-
rium (s*,7*), we derive:
x %\ _ (U1 U2
e =),

where

ap(h)s*r* ?,g (s*,7%)

S s O
g (d+sTr (s )
2= 1+2¢(h) '
e (86 S E ) e B )
3= 1+ 2dg(h) (1+2¢(h))(1+2dg(h))’
S 2P0 )
Uy =

1+2dp(h)  (1+2¢(h)(1+2dg(h)) ’
eigenvalues of J(s*,r*) are roots of the quadratic equation A2 — AA +Y = 0, where
AN=uj+uy

as r*o(h )ag(s r) N s*r*go(h)g—f(s*,r*) Q 2(h) (d+s* *ag(s*,r*))

1+ 2¢(h) 1+ 2dg(h) (1+2¢(h))(1+2dg(h)) ’

Y = UiUg — UoU3

(1+2(p(h))(1+2dgo(h)) T(s*, 1) +s"r"g(h) (287(5 1) —ad=2 (s, 7 ))]

The equilibrium (s*,r*) is stable provided that all conditions of Lemma 1 are true.
It is unstable if at least one of the conditions is not met. Assume that (s*,7*) is stable
equilibrium of system (1); therefore, since D(s*,+*) > 0 and T(s*,r*) < 0 then

*

1-A+Y= %q)(h)zD(s*,r*) >0,

where A = (14 2¢(h))(1+ 2d¢(h). Note that A = A(¢(h)) and Y = Y(¢(h)) are continu-
ous functions of ¢(h) for ¢(h) > 0. Moreover, A(0) =2 and Y(0) = 1, which imply that we
have constants Z - ,+) > 0 such that 1+ A(¢(h)) + Y(@(h)) > Oforall 0 < ¢(h) < Z(g =)
Further, we have

_l 2 * % g * % 8
1+A+Y—A[(p (h)( Sads*r s +3s*r 5 +15d>

—l—go(h)( 2as*r *3g +25*r*gg +8d+8) +4

and we want to have a specific Z,: ,+) such that Z,: ,») < 1/4. By some calculations, the
condition 1+ A +Y > 0is equivalent to
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Mg@?(h) + No(h) +4 >0, (10)
where
M =3r*T(s*,r*) — Sads*r*g—‘g(s*,r*) +12d and N =2D(s*,r*) +8d +8.
Therefore, following [3], the constant Z . ,+) can be selected as follows:
L, for N =0;
4|M |
Lk 5\ = — f M=0; 11
(5*,r%) |N|/ or 0; ( )
min('N 2) otherwise
IM|" N[ ) '
The condition Y < 1 is equivalent to
T(s*,r*) +s*r*o(h)| 2==(s*, 1) —ad==(s*,7*) ) <O, (12)
0s ds
the inequality (12) is true when ¢() < Z,, ., with
" [T(s*, )]
Zis ) = (13)

**aig**i **aé**
ZSraS(s,r) adsras(s,r)

o1
Z(S*,I’*) ! Z*

(s*7%)

From (11) and (13), if g > max(

is stable.

), then following Lemma 1, E*

The results ensure the dynamical consistency between system (1) and the numerical
scheme (8) around all equilibria. The proposed scheme is, therefore, elementary stable.

In a similar way, the equilibrium points of (9) correspond to those of the equilibria of
the initial system. The Jacobian ] of the scheme (9) has the form J(sg, rx) = [jmn (Sk, 7k)]2x2,

where

d
1+ h+ ahrig(sg, 1) + ahskrka—‘g(sk, )

J11 (k%) = 1+ Zahrkg(sk, )
0
2ahr S8 (si, ) (1+ -+ ahrig(si, )
B (14 2ahrig(sk, ri)]2 o
0
ahsy (g(sk, k) + rkg(sk’ rk))
J12(sk, 1) =

1+ 2ahrig(sg, rx)

)
2ah <g(sk, ) + rka—f(sk, rk)> (14 h + ahreg (s, 1¢))
B [1+ 2ahrg(sk, r)]?

Slks
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2hry (8(% 1) ji (s 7)) + Sk %(Sz« Vk))
1+ hd + hsig(sk, 1)
h (8(Sk, rx) + Sk%f(sk, Vk)> (1 + 2hsg 118 (Sk, i) )7k
[1+ hd + hskg(sk, )]
1+2h (5k+18(5kr 1) + j12(Sk, k)8 (Sk, )7k + Sk+1fk%§(5k/ Vk))
1+ hd + hsgg(sk, )
(hskgf(sk/ Vk)) (1 + 2hsk118(sk, 7k))
B [1+ hd + hspg(sk, 11)]?

21 (S, 1) =

7

jo2 (s 1) =

Tk-

Substituting (sg,79) = (0,0) in J(sg, rx) we derive

1+h 0
J(0,0) = 0 1
14 hd

1
1+ hd

Since |A1| > 1 the equilibrium point (0, 0) is always unstable. Further, for the equilib-

rium (S*, 7’*), we derive:
u u
I(S*, *) ( 1 2>,

and its eigenvalues are

/\1:1+h and Ay =

Uz Uy
where
ahs*r*g—f(s*,r*)
u=1-——7>" >,
1+42h
ah(d—l—s*r*g—‘f(s*,r*))
2= 1+ 2h ‘
* ok %0,
B hr* (g(s %)+ a—f(s*,r*)) 2hzs*r*%‘§(s*,r*)
= 1+ 2hd (1+2h)(1+ 2hd)’
* *a * *
P hS*T’*?T‘g(S*,V*) 2h2<d+5 r a—f(s , T ))
= 1+ 2nhd (1+21)(1+2hd) '

eigenvalues of J(s*,r*) are roots of the quadratic equation A2 — AA +Y = 0, where

ahs*r* == (s*,r*) hsrg(s,r) 2h <d+sr ar(s'”)

o ds _
A=2 1+2h | 1+2nd A+ 2m) (11 20d)
h * ok **ag * k) * ok
Y_1+(1+2h)(1—|—2hd) T(s*,r*) + 2hr*s ar(s,r) hrD(s,r)}

Assume that (s*,r*) is a stable equilibrium of system (1); therefore, since D(s*,r*) > 0
and T(s*,r*) < 0, then it is clear that
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Y<1,

— 1 2 % EE
1-A+Y= (1+2h)(1+2hd)[hrD(s,r)]>0

and we also have

1+A+Y =01 {—3ads*r*g§(s*,r*) + s*r*g—r(s*,r*) + 13d]

g(s 1)+ 25" ar(s T )+8d+8} +4.

We may assume that the inequality 1 + A +7Y > 0 of the Lemma 1 does not have any

+ h[—Zas*r

formal proof; however, the numerical results in the Math Toolbox software of MATLAB for
all step sizes h > 0 show that the equilibrium point E* is stable. The results can therefore

guarantee the dynamic consistency between system (1) and numerical scheme (9) at all
equilibria. The corollary is that the scheme is unconditionally elementary stable. [

6. Numerical Results
In order to showcase the merits of the proposed PESN finite difference method, we

examine the predator—prey system with the Beddington-DeAngelis functional response,
f(s,r) = %, and the Nicholson-Bailey functional response f(s,7) = se™"" [3,5-7].
Numerical approximations of system (1) for the new PESN method (8) and proposed PESN
method in [3] with ¢(h) = # and classical fourth-order Runge-Kutta (RK4) method are
shown in Figure 1. A good agreement has been obtained for scheme 1 and RK4. Further, we
see that the new method has the advantage over scheme [3] on achieving a good accuracy.

This indicates the axial symmetry trajectory of the system.

8 5
=« = Dimitrov and Kojouharov method
)
750 - - = Scheme 1 = = = Scheme 1
n RK4 Method 45 RK4 method
A N -
7 ’r 1 i LY '
A i N\ . il h N
ssf I i A I > 4 ; ' 'y " .
i i i i ; & [l 1 1 B \
= [ i i P \ 2 ' ' 1 1 1
z i i i 5 ' 1 I '
e 6 1 ! 1 ! 1 ! ) '
3 i i \ [=] 1 1 1 N
2 i P P P [ 5 3% ! L ' LY E
i i i S
355 L N Y e | i - PO S SO B S S
& AT P [ [ k £ T~? F v ! T \
sk 7 Vo Vo v \ i 3 1 i L v
! (. v Vo v o ! ] v Vo v 1
Lo Vo Vo v v VL v ! [ ] i \
b N \ v
asp i W J V! vy v ,
i
Y, v 25( ", 2
A
2
80 100 120 140 160 180 200 220 240

3.5
140 160 180 200 220 240
Time

&
o
Ay

Predator Density
N

IS
~

= = = Dimitrov and Kojouharov method
’ == Scheme 1
= RK4 method

35
5 5.5 6 6.5 7 75
Prey Density

Figure 1. Comparing the numerical results of scheme 1 and method [3] with RK4 approximations

witha =0.75,d =225,e =4,b=1,h = 04,59 =7.5,and rg = 5.
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The numerical results for scheme 1 with the Nicholson-Bailey functional response
fora = 3,d = 2and b = 1 leads to E* = (3.7144,0.6191) and g4 > 0.62 are shown in
Figure 2a. In this figure, we show that scheme 1 preserves the stability of equilibrium
E*, while the RK4 and second-order Runge-Kutta (RK2) approximations diverge. For the
Beddington-DeAngelis functional response with a = 0.75,d = 2.25,e = 4,and b = 1 leads
to E* = (27/5,16/5) and q > 1.25; the numerical results are given in Figure 2b. As we can
see, scheme 1 is positive and elementary stable while the RK4 method produced a negative

value and diverges.

25
= = Scheme 1 2 7
= = = RK4 method !
RK2 method ! .
®  Stable equilibrium 15 ’ e
2 , .
A\ / ’
2 kY > 1] , ‘
@ " - =
é ) P ¥ é 10 f , :
\ [a] 1
5 1.5 IR} - ’
© Prie % U e
g ’ ? 5 r ¢ - ’ Piig
o - ¢ T Y4 : L4 Piie
‘ R AP
1 ’ ’ R /- : - -
’ 0 e e =
,' = ='Scheme 1
° = RK4 method
L . . @  Stable equilibrium
05 5 .
: 4 o Donsi 10 . 200 -5 0 5 0 15 20
rey Lenslly Prey Density
(a) (b)
Figure 2. Numerical approximations of system (1) with Nicholson-Bailey functional response
(@a = 3,d =2b=15) =8, and ryp = 2.and Beddington-DeAngelis functional response

(b)a = 0.75,d = 2.25,e = 4,b = 1,59 = 0.6, and ry = 5. .

Equation (9) for solving Equation (1) with the same parameters used in the previous
subsection. As it can be seen in Figure 3, a good agreement has been obtained for the
new scheme and RK4 with step size h = 0.4. While the Dimitrov and Kojouharov method
has more oscillations, by comparing the methods, it can be seen that the new method has
relatively better accuracy than the Dimitrov and Kojouharov method.

5— ‘ . 8
' =+ = Dimitrov and Kojouharov method A D‘L""m" and Kojouharov method
N | = = = Scheme 2 7.5 ' K — —?:K;:::thzod
45 Iy ! RK4 method !3 Y '\
- b . 7 ! Rl it Ky
2 I I 3 Y ! ! i LY
R A 1 1! 6sf 1 ! ;! it !
g ;o N 1 ) ! z ! ! P! '
\ ) = 2 g 1 : 1 1 !
T L 3 i 4 §y P § i 5 i
g N . 7550\ i/ N\ U1 : PR
o 1 | - - 5 o 1 = \ , [l 1 !
S R L B A O
. ‘ - \ I‘ Vil 1 v ! [l ! v ! V!
25 »\ " \ \," £ ‘- 4.5 i 1 " \ i’ [ I
2 S “ K )
20 40 60 80 100 120 140 35 20 40 60 80 100 120 140
Time Time
Figure 3. Comparing the numerical results obtained by scheme 2 and method [3] intro-
y

duced by Dobromir T. Dimitrov and Hristo V. Kojouharov with RK4 approximations with
a = 075d = 225,e = 4,b=1,h=04,5sg=75,and ryg = 5.

Figure 4a shows that scheme 2 preserves the stability of the interior equilibrium,

whereas the RK2 and RK4 approximations diverge. In Figure 4b, we compare the approxi-
mation of the solution obtained by the new method and RK4. In this case, we can see that
the RK4 approximations evolve away from the equilibrium point and produce the negative
values whereas our scheme preserves the positivity of the solutions and the stability of the
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equilibrium point. Further, in Figure 4c,d, we observe that scheme 2 system (1) for all large
step sizes, h > 0.

25
25 == Scheme 2 = = = Scheme2
= = = RK4 method RK4 method
RK2 method 20 ° Stable equilibrium _- -~ .
®  Stable equilibrium PR '
2 . 14 1
Y - o 15l . ’
= by > £ 18 e i
S W - 3 4 ’
a 15 n - Q ,' .
g" .t £ 10 : L
] Rd g . .,
] K4 <4 v ,
a R4 o , -
@ 5 ’ P
1 ’ ’ -
N P _-
'\I | _-"
3 - -
d 0
0.5
0 5 10 15 -5 0 5 10 15 20 25 30 35 40

Prey Density

@a=3d=2b=1h=
0.76,s9 = 8, and rg = 2.

2.2

——h=1
oll = = =h=2
—4— h=4
18 =— h=10
¥  Stable equilibrium

Predator Density
eooRe
= N S =

4
©

0.6

4 5 6 7 8 9
Prey Density

(Qa=3d=20b=1h=
0.76,50 = 8, and ry = 2.

10

Prey Density

(b)a=075d=225e=4b=1h=

0.8,s9 = 0.6, and ry = 5.

20

— h=1

18[ = = =h=2

‘== h=4

h=10

Stable equilibrium

16

%*

Predator Density
=
o

0 5 10 15 20 25 30
Prey Density

35

(da=075d=225e¢e=4b=1h=

0.8,s9 = 0.6, and ry = 5.

Figure 4. Numerical approximations of system (1) with Nicholson-Bailey (a,c) and Beddington—
DeAngelis (b,d) functional responses, respectively.

Furthermore, choosing @ = 1.5,d = 0.25,¢ = 1, and b = 0.02 with the Nicholson—
Bailey functional response leads to E* = (0.2534,0.6757) the observation that scheme 2,
RK2, and RK4 approximations converge to the equilibrium point for h = 0.5, but an
increase in the step size results in the solutions of the RK2 and RK4 methods, which are not
elementary stable and transform from the stable equilibrium E* (see Figure 5).

‘‘‘‘‘ Scheme 2 5
= = = RK4 Method C——— SRC;:TAztiod
5 —— RK2 Method 4 RK4 Method
3t -,
LAEEAN
z* > HE
g 3 !
< & 2 1
o [a]
g’ 5 ;
© N
g AN
*2 & R
ol
! -1
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- 4 -2 0 10 12

Prey Density

Prey Density

Figure 5. Numerical results witha = 1.5,d = 0.25,e =1,b = 0.02,59 = 3, and rg = 2.
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In order to complete this simulation study, we present some numerical results to com-
pare the performance of scheme 2 with that of scheme 1. We show the better performance
of scheme 2 for different given step sizes over that of scheme 1. It is not claimed that our
results show scheme 2 is superior to scheme 1. Nonetheless, the obtained results indicate
that a properly implemented version of scheme 2 may be useful for the numerical integra-
tion; see Figure 6. In all the figures, it is easy to understand the verification of Theorem 1,
i.e., the positivity of the methods, because in all the figures, the obtained solutions are
positive, while, for example, in Figure 5, the standard RK4 and RK2 methods produce
negative solutions. Further, by Figures 2, 4, and 5, you can clearly see the verification
of Theorem 2. In Figure 7, considering the ode45 method as a reference solution of the
problem and comparing it with method 2, it can be seen that, by increasing the value of q, a
better approximation of the method is obtained.

* 7 22
1 /
Bros —— Scheme 1 " —&— Schemet
e Scheme 2 / ——— Scheme2
18 + = = = RK4 Method ¥ Stable equilibrium
4 % Stable equilbrium 18

5

Predator Density
=

e N e o @
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Prey Density
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Time

Figure 6. Comparing the numerical results obtained by scheme 1 and scheme 2 with b = 0.4,59 = 7.5,
and ry = 5.
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— =30
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25

. . . . .
4 4.5 5 5.5 6 6.5 7 7.5
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Figure 7. Comparing the numerical results obtained by scheme 2 and ODE45 with i = 0.4, 59 = 7.5,
and ryg = 5.

7. Conclusions

We applied two nonstandard finite difference schemes to numerically solve a class of
the predator-prey model with the Beddington-DeAngelis and Nicholson-Bailey functional
responses that contain a finite number of hyperbolic equilibria. These methods mostly
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maintain qualitative stability such as positivity of uniformity and boundedness. Their
solutions do not have non-physical fluctuations. They have a simple implementation and
are usually generated directly from the discretization of the given equations and are non-
linear. They have problems, such as non-implementation in non-flat computing domains
and computing domains that do not have a specific flat geometry. The schemes presented
in this article preserve the stability of all equilibria and the positivity of all solutions. When
compared with the standard numerical methods, e.g., the Runge-Kutta methods and the
existing PESN method in [3], the results of our scheme show that a version of the new
schemes, if performed well, can be of help in the numerical integration of the predator—prey
model mentioned earlier. Future research can attempt to construct more nonstandard
schemes for the general case of biological systems.
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