Supplemental Information 4: MATLAB Scripts
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clc

clear all

ts=[0:0.01:12]; % time

x0=[4.679 0.05085]; % initial conditions/values of x1 and x2
opl = odeset ('OutputFcn', @odephas?2);

options = [opl];

T=[0:12]; % time

[T,X]=0ded5 (@sajibcon, ts, x0,options);

o
o

figure;

subplot(1,2,1)

plot (T,X (:,1),'-x',T,X (:,2),'-g',"'LineWidth',2);
xlabel ('Time (Months) '), ylabel('Growth of Rice Pests');
legend('Rice, x 1(1)','Pests, x 2(t)"');

grid off;

subplot (1,2,2)

ts=[0:0.01:127;

x0=[4.679 0.05085];

opl = odeset ('OutputFcn', @odephas?) ;
options = [opl];

T=[0:121;

[T,X]=0ded5 (@sajib2, ts, x0,options);
xlabel ('x 1(t)"), ylabel('X_Z(t)');
grid off;

function dx=sajibcon (ts, x)

al=4.679; % alpha 1
a2=0.94915; % alpha 2
p1=0.37; % b
p2=0.37; % beta 2
dl=0.10; % d 1
d2=0.05085; % d 2

dx=zeros (2,1);

dx(l)=(al-bl*x(2))*x(1l)-dl*x(1l)"2; % equations of rice-pest model (S5S4)
dx (2)= - (a2-b2*x (1)) *x(2)-d2*x(2)"2;

end
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clc

clear all
ts=[0:0.001:12];
x0=[4.679 0.05085];
T=[0:12];

o\
o\°

figure;

subplot(1,2,1)



[T, X]=0ded5 (@s
plot (T,X(:,
xlabel ('Time

[T,X]=0ded5 (@s
plot (T,X(:,

[T, X]=0ded5 (@s
plot (T,X(:,

ajib4, ts, x0);
1),'r', '"LinewWidth',2);grid off;hold on

(Months) "), ylabel('Growth of Rice, x
ajib3, ts, x0);
1),'g', 'LinewWidth',2) ;grid off;hold on
ajib2, ts, x0);

1),'b', '"LineWidth',2);grid off;hold on

C1(t

) )

legend('\beta 2=0.15"', "\beta 2=0.25", '"\beta 2=0.37");hold on

subplot(1,2,2)
[T,X]=0ded5 (@sajib4, ts, x0);
plot(T,X(:, 2),'r', 'LinewWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Pests,
[T,X]=0ded5 (@sajib3, ts, x0);
plot(T,X(:, 2),'g', 'LinewWidth',2);grid on;hold on
T,X]=o0ded5 (@sajib2, ts, x0);
plot(T,X(:, 2),'b', 'LinewWidth',2);grid off;hold on
legend('\beta 2=0.15", "\beta 2=0.25', '"\beta 2=0.37");hold on

x 2(t)");

function dx=sajib2 (ts, x)

al=4.679;

a2=0.94915;
b1=0.37;
b2=0.37;
d1=0.10;
d2=0.05085;

dx=zeros (2,1);
dx(1)=(al-bl*x(2))*x(1)-dl*x(1)"2;
dx (2)= —(a2-b2*x (1)) *x(2)-d2*x(2)"2;
end

%

function dx=sajib3(ts, x)

al=4.
a2=0.
b1=0.
b2=0.
dl=0.
d2=0.

dx=zeros

dx (1)
dx (2)
end

679;

94915;
37;
25;
10;
05085;

%

(2,1);
=(al-bl*x(2))*x(1)-dl*x(1)"2;
= —(a2-b2*x (1)) *x(2)-d2*x(2)"2;

function dx=sajib4 (ts, x)

al=4.
a2=0.
b1=0.
b2=0.
dl=0.
d2=0.

dx=zeros

dx (1)
dx (2)
end

679;

94915;
37;
15;
10;
05085;

o
o

(2,1);
=(al-bl*x(2))*x(1l)-dl*x(1)"2;
= —(a2-b2*x (1)) *x(2)-d2*x(2)"2;



sk sk s st s ke sk sk sk s sk s sk sk sk sk sk skeosk skok skokosk Rice_pest_control model (7) sk ok s sk sfe st sk sk sk sk sk sk sfeoske st s skosk sk skokeosk ok

sk sk s sk s ke sk sk sk s sk s sk sk sk sk sk sk sk sk stk sk sk skeosk skok skokosk Figure 6 sk ok s sk sfe sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk sk sk skeosk ko skok

clc

clear all
ts=[0:0.001:12];
x0=[4.679 0.05085];
T=[0:12];

o
oe

figure;
subplot (1,3,1)
[T,X]=0de4d5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4 section
plot(T,X(:, 1),'r', 'LineWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Rice, x 1(t)');
[T,X]=0ded5 (@sajibconll, ts, x0);
plot(T,X(:, 1),'--b','LineWidth',2);grid off;hold on
legend('without control','with control u 1'");hold on

subplot(1,3,2)
[T,X]=0ded5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4 section
plot(T,X(:, 2),'g', 'LinewWidth',2) ;grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Pests, x 2(t)');
[T,X]=0ded5 (@sajibconll, ts, x0);
plot(T,X(:,2),"'--b', 'LineWidth',2);grid off;hold on
legend('without control','with control u 1');hold on

subplot (1,3, 3)
ts=[0:0.01:12];
x0=[4.679 0.05085];
opl = odeset ('OutputFcn', @odephas?) ;
options = [opl];
T=[0:15];
[T,X]=0ded5 (@sajibconll, ts, x0,options);
xlabel ('x 1(t)'), ylabel('x 2(t)"');
grid off;

function dx=sajibconll (ts, x)

al=4.679; % alpha 1
a2=0.94915; % alpha 2
p1=0.37; % b
p2=0.37; % beta 2
dl=0.10; % d 1
d2=0.05085; % d 2

; % control variable
u2=0; % control variable

dx=zeros (2,1);

dx (l)=(al-bl*x(2))*x(1)-dl*x (1) "2+ul*x(1l);%Egs. of rice-pest-control model (7)
dx (2)= —(a2-b2*x (1)) *x(2)-d2*x(2) "2-(ul+u2) *x (1) *x (2) ;

end

st s sk st s sk sk s sk sk s sk sk s sk sk sfeosk ke seosk ke sk ke skosk skeskok ok Figure 7 st sfe sk st sfe sk st sfe sk sk sfe sk sk sfe sk sk sfe sk st sfe sk sk sfeoske sk sk sk sk skeskosk skesk

clc
clear all
ts=[0:0.001:12];



[4.679 0.05085];
T=[0:12];

subplot (1,3,1)
[T,X]=0de4d5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4 section
plot(T,X(:, 1),'r', 'LinewWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Rice, x 1(t)");

[T,X]=0ded5 (@sajibconl2, ts, x0);
plot(T,X(:, 1),'--b', "LineWidth',2);grid off;hold on
legend ('without control', 'with control u 2');hold on

subplot (1,3,2)
[T,X]=0ded5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4 section
plot(T,X(:, 2),'g', 'LinewWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Pests, x 2(t)');
[T,X]=0ded5 (@sajibconl2, ts, x0);
plot(T,X(:,2),'--b', 'LineWidth',2) ;grid off;hold on
legend('without control','with control u 2');hold on

subplot (1,3, 3)
ts=[0:0.01:12];
x0=[4.679 0.05085];
opl = odeset ('OutputFcn', @odephas?) ;
options = [opl];
T=[0:127;
[T,X]=0ded5 (@sajibconl2, ts, x0,options);
xlabel ('x 1(t)'), ylabel('x 2(t)"');
grid off;

function dx=sajibconl?2 (ts, x)

al=4.679;
a2=0.94915;
p1=0.37;
b2=0.37;
dl1=0.10;
d2=0.05085;

ul=0;
u2=0.26;

dx=zeros (2,1);

dx (l)=(al-bl*x(2))*x(1l)-dl*x (1) "2+ul*x(1l);

dx (2)= —(a2-b2*x (1)) *x(2)-d2*x(2) "2-ul*x (1) *x(2) -u2*x (1) *x(2) ;
end

st sfe sk st s sk sk s sk sk s sk sk s sk sk seosk sk seosk sk sk ke sk ke sk ke sk Figure 8 st sfe sk st sfe sk st sfe sk sk sfe sk st sfe sk sk sfe sk st sfe sk sk sfe sk st sk ke sk skeskosk kesk

clc

clear all
ts=[0:0.001:12];
x0=[4.679 0.05085];
T=[0:127;

%% figure;



subplot (1,3,1)
[T,X]=0ded5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4 section
plot(T,X(:, 1),'r', 'LinewWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Rice, x 1(t)');
[T,X]=0ded5 (@sajibconl3, ts, x0);
plot(T,X(:, 1),'--b', 'LineWidth',2);grid off;hold on
legend('without control', 'with control u 1 & u 2');hold on

subplot (1, 3,2)
[T,X]=0ded5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4 section
plot(T,X(:, 2),'g', 'LinewWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Pests, x 2(t)');
[T,X]=0de4d5 (@sajibconl3, ts, x0);
plot(T,X(:,2),"'--b', 'LineWidth',2);grid off;hold on
legend('without control', 'with control u 1 & u 2');hold on

subplot (1,3, 3)
ts=[0:0.01:12];
x0=[4.679 0.05085];
opl = odeset ('OutputFcn', @odephas?) ;
options = [opl];
T=[0:121;
[T,X]=0de4d5 (@sajibconl3, ts, x0,options);
xlabel ('x 1(t)"), ylabel('x_Z(t)');
grid off;

function dx=sajibconl3(ts, x)

al=4.679;
a2=0.94915;
b1=0.37;
b2=0.37;
d1=0.10;
d2=0.05085;

ul=0.1;
uz=0.2;

dx=zeros (2,1);
dx(1l)=(al-bl*x(2))*x(1)-dl*x (1) "2+ul*x(1l);
dx (2)= - (a2-b2*x (1)) *x(2)-d2*x(2)"2-ul*x (1) *x(2)-u2*x (1) *x(2) ;

sk 3k s sk s sk sk sk sk s sk s sk sk sk sk sk sk sk sk sk sk sk skeosk sk skokosk Figure 9 sk ok s sk s sk sk sk ok s ke s sk sk sk sk s sk s sk sk sk sk sk sk sk skeosk skok skok

clc

clear all
ts=[0:0.001:12];
x0=[4.679 0.05085];
T=[0:127;

oe
oe

figure;

subplot(1,2,1)

[T,X]=0de4d5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4
plot(T,X(:, 1),'r', 'LinewWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Rice, x 1(t)');

[T,X]=0ded5 (@sajibconll, ts, x0); %$sajibconll is provided in Figure 6
plot(T,X(:,1), 'm-——"', 'LineWidth',2);grid off;hold on

[T,X]=0de4d5 (@sajibconl2, ts, x0); S$sajibconl2 is provided in Figure 7
plot(T,X(:, 1),'g-.", "'LineWidth',2);grid off;hold on



[T,X]=0ded5 (@sajibconl3, ts, x0); %sajibconl3 is provided in Figure 8
plot(T,X(:, 1),'b:', 'LineWidth',2);grid off;hold on
legend('without control', 'with control u 1','with control u 2','with
control u 1 & u 2");hold on

subplot(1,2,2)
[T,X]=0ded5 (@sajibcon, ts, x0); %$sajibcon is provided in Figure 4
plot(T,X(:, 2),'r', 'LineWidth',2);grid off;hold on
xlabel ('Time (Months) '), ylabel('Growth of Pests, x 2(t)");
[T,X]=0ded5 (@sajibconll, ts, x0); %sajibconll is provided in Figure 6
plot(T,X(:,2), 'm-="', 'LineWidth',2) ;grid off;hold on
[T,X]=0ded5 (@sajibconl2, ts, x0); %sajibconl2 is provided in Figure 7
plot(T,X(:, 2),'g-.","'LineWidth',2);grid off;hold on
[T,X]=0de4d5 (@sajibconl3, ts, x0); %$sajibconl3 is provided in Figure 8
plot(T,X(:,2),'b:"', 'LinewWidth',2) ;grid off;hold on
legend('without control','with control u 1','with control u 2', 'with
control u 1 & u 2');hold on

sk sk sk s sfe ke sk sk sk sk sk sk sk sk sk sk skeoskeosk skok skokosk Bifurcation analySiS sk s s sk sfe sk ske sk sk sfe sk sk st sk st sk s sk sk sk skeosk sk skokoskosk
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clear all
format long
set (0, 'DefaultAxesFontSize', 20) ;

o
o

figure;

subplot(1,3,1)
a=1l; % alpha (dimensionless rice-pest model (S16))
b=0.8; % beta (dimensionless rice-pest model (S16))
g=0.001; % gamma (dimensionless rice-pest model (S16))

X1=0:0.01:1;
Yl=(a-X1); % y» value of the interior equilibrium point E-
Y2=0:0.1:1;

X2 (l:1length(Y2))=(1+g*Y2) /b; % x+ value of the interior equilibrium point E
plot (X1,Y1, 'k=-");

hold on;

plot (X2,Y2,'r=");

hold on

xlabel ('x \rightarrow');
ylabel ('y \rightarrow');

subplot (1,3,2)
a=1;
b=1; % beta
g=0.001;

X1=0:0.01:1;

Yl=(a-X1);

Y2=0:0.1:1;

X2 (l:1length(Y2))=(1+g*Y2) /b;
plot (X1,Y1, 'k=-");

hold on;

plot (X2,Y2,'r=-");

hold on

xlabel ('x \rightarrow');
ylabel ('y \rightarrow');



subplot (1,3, 3)
a=1;
b=2; % beta
g=0.001;

X1=0:0.01:1;
Yl=(a-X1);
Y2=0:0.1:1;
X2 (1:1length (
plot (X1,Y1,"
hold on;
plot (X2,Y2,'r=-");

xlabel ('x \rightarrow');
ylabel ('y \rightarrow');
grid off;

Y2))=(1+g*¥2) /b;
k=");

*****************************(}eneralcodefbrP&gure11 sk ke sk sk sk sk ke sfe sk sk sk ke sk sk sk skeosk sk skokosk sk

clear all
set (0, 'DefaultAxesFontSize', 20);

alpha=1;
beta=11.1; % the system is unstable when the beta is less than or equal to 1
% the system is stable and doesn’t show a limit cycle when beta = (1, 10.9]
% the system is a stable limit cycle when beta = 11.0
% the system shows a limit cycle that is a steady state when beta = (11.1, 13.6]

o

the system shows only a limit cycle when beta = 12.66
the system is unstable when beta > 13.6

oe

g=0.001; % gamma

M=100000; % iteration number

x=zeros (1,M+1);

y=zeros (1,M+1);

t=zeros(1l,M+1);

x(1l)= 0.4; % initial value of x for the dimensionless model (S16)
y(1)=0.05; % initial value of y for the dimensionless model (S16)
t(1)=0; % initial time

dt=.1; % time increment

for j=1:M
t(j+1)=t (j) +dt;
X (j+1)=x(j)+dt* (alpha*x (7)-x
vy (J+1)=y (J)+dt* (beta*x (J) *y (
end

); % model (S16)
2); % model (S16)

plot(x,v,'k', "MarkerSize',10);
xlabel ('x \rightarrow');
ylabel ('y \rightarrow');

$plot (t,x, 'b-', 'LineWidth',2);

*********************************]ﬁgurell,*********************************

clear all

set (0, 'DefaultAxesFontSize',20);
alpha=1;
g=0.001;

M=100000;
x=zeros (1,M+1) ;
y=zeros (1,M+1);
t=zeros (1,M+1);
x(1l)= 0.4;
y(1)=0.05;



subplot(2,3,1)
beta=2; %
X1=0:0.01:1;
Yl=(alpha-X1);
Y2=0:0.1:1;
X2 (1:1length (
plot (X1,Y1,"
hold on;
plot (X2,Y2,'r=");

Y2))=(1+g*Y2) /beta;
k=") s

for j=1:M
t(j+1)=t (j) +dt;
x (J+1)=x(J) +dt* (alpha*x (§) -x (J) *2-x (3) *v () ) ;
y(3+1)=y (3) +dt* (beta*x (J) *y (J) -y (3) -g*y (3) "2);

plot(x,y, 'b', 'MarkerSize',10, 'LineWidth',1);
xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:1length(Y1l))=(1+g*Y1l) /beta;
Yl=(alpha-X1);

plot(0,0,'g.',alpha,0, 'k."',x1,v1,'g."',1,0,"'g."', "MarkerSize',20);

subplot (2, 3,2)
beta=10.9; %
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1l:1length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k=-");
hold on;
plot (X2,Y2,'r=");

for j=1:M
t(J+1)=t(j)+dt;
X (j+1)=x(j)+dt* (alpha*x (7)-x
v (j+1)=y (j) +dt* (beta*x (J) *y (
end

plot(x,vy,'b', '"MarkerSize',10, 'LineWidth',1);
xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:length(Y1))=(1+g*Y1l) /beta;
Yl=(alpha-X1);

plot(0,0,'g.',alpha,0,'k."',x1,Y1,'g."',1,0,'g."', "MarkerSize',20);

subplot (2,3, 3)
beta=11.1; %
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1l:length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k-");
hold on;



plot(X2,Y2,'r=");

t(J+1)=t () +dt;
x(j+1)=x(j)+dt* (alpha*x(j) -x
y (3+1) =y (3) +dt* (beta*x () *y (

plot(x,vy, 'b', '"MarkerSize',10, 'LineWidth',1);

xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:length(Y1l))=(1+g*Y1l) /beta;

Yl=(alpha-X1);

plot(0,0,'g.',alpha,0,'k."',x1,Y1,'g."'",1,0,"'g."', "MarkerSize',20);

subplot (2, 3,4)
beta=12; %
X1=0:0.01:1;
Yl=(alpha-X1);
Y2=0:0.1:1;
X2 (1l:1length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k=");
hold on;
plot(X2,Y2,'r=-");

for j=1:M
t(j+1l)=t(j)+dt;
X (jJ+1)=x(7)+dt* (alpha*x (J)-x(3) "2-x(3) *y (7)) ;
y (3+1)=y (J) +dt* (beta*x (3) *y (3) -y (J) —g*y(3) "2) ;

plot(x,y, 'b', '"MarkerSize',10, 'LineWidth',1);

xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:length(Y1l))=(1+g*Y1l) /beta;

Yl=(alpha-X1);

plot(0,0,'g."',alpha,0, 'k."',x1,Y1,'g."',1,0,'g."', "MarkerSize',20);

subplot (2, 3,5)
beta=12.66; %
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1l:1length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k-");
hold on;
plot(X2,Y2,'r=");

for j=1:M
t(J+1)=t(j)+dt;
X (J+1)=x(7) +dt* (alpha*x (J) -x
vy (J+1)=y (J)+dt* (beta*x (j) *y (
end

plot(x,vy,'b', "MarkerSize',10, 'LineWidth',1);
xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:length(Y1l))=(1+g*Y1l) /beta;
Yl=(alpha-X1);



plot(0,0,'g."',alpha,0,'k."',x1,Y1,'g."'",1,0,"'g."', "MarkerSize',20);

subplot (2,3, 6)
beta=13.6; %
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1:1length (
plot (X1,Y1,"
hold on;
plot (X2,Y2,'r=-");

Y2))=(1+g*¥Y2) /beta;
k=");

t(J+1)=t(J)+dt;
x(j+1)=x(j)+dt* (alpha*x(j) -x
y (3+1) =y (3) +dt* (beta*x () *y (

plot(x,y, 'b', 'MarkerSize',10, 'LineWidth',1);

xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:length(Y1l))=(1+g*Y1l) /beta;

Y1l=(alpha-X1);

plot(0,0,'g."',alpha,0, 'k."',x1,vY1,'g."',1,0,'g."', "MarkerSize',20);

sk sk sk sk sfe sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk stk sk skoskeosk ko skok Figure 12 sk s s sk sfe sk sk sk sk s sk sfe sk sk sk sk s sk sfe sk sk skl sk sk skeosk skok sk

clear all
format long
set (0, 'DefaultAxesFontSize', 20)

for k=1:100
b=1+(k-1)*0.01; % beta

dt=0.01; % time increment

M=500000; % time iteration

:1;
2;
0.001;

LQC‘)I“QJ

X=zeros (1,M+1) ;
Y=zeros (1l,M+1);

for j=1:M
X(J+1)=X(J)+dt* (a*X(J) -X(J) "2-X(J) *Y(3));
Y(J+1)=Y (J)+dt* (b*X(J) *Y () -Y(J) -g*Y (J)"2);
end

)=max (X (end-5000:end)) ;
)=min (X (end-5000:end)) ;



beta=0:0.01:20;
x=(1*0.001+1) ./ (beta+0.001) ;
plot (beta, x) ;

plot(beta(1:101),x(1:101), 'r-", 'LineWidth',2);

hold on

plot (beta(101:1110),x(101:1110), 'b-", "LineWidth',2);
plot (beta(1110:1370),x(1110:1370), '"b-."', "Linewidth',2);
plot (beta(1370:end),x(1370:end), 'r-", 'LineWidth', 2);

betal=0:0.01:20;

x1 (l:1length (betal))=1;

plot (betal(1:101),x1(1:101), "'r-', 'Linewidth',2);

plot (betal(101:1110),x1(101:1110), 'b-", 'LineWidth',2);
plot (betal (1110:1370),x1(1110:1370), 'b-.", "LineWidth',2);
plot (betal (1370:end),x1(1370:end), 'r-"', 'LineWidth',2);

axis ([0 20 0 1.27);

xlabel ('\beta \rightarrow');
ylabel ('f (x,y) \rightarrow');

3k st st sk s sk sk sk sk sk sk st sk s sk sk sk sk sk sk sk sk sk skoskoskokosk sk sk ks Figure S3 st st sk s sfe sk sk ol sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk kol sk ke skeskoskoskosk

clear all
set (0, 'DefaultAxesFontSize', 20);

alpha=1;
g=0.001;

M=100000;
x=zeros (1,M+1) ;

y=zeros (1,M+1);
t=zeros(1l,M+1);

x(1l)= 0.4;
y(1)=0.05;
t(1)=0;
dt=0.1;

subplot(2,2,1)
beta=13.6;
X1=0:0.01:1;
Yl=(alpha-X1);
Y2=0:0.1:1;
X2 (l:length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k-");
hold on;
plot (X2,Y2,'r=");

for j=1:M
t(J+1)=t (J)+dt;
x(J+1)=x(3)+dt* (alpha*x (J) -x(J) "2-x(J) *y(J) )’
y(J+1)=y (J)+dt* (beta*x (J) *y (3) -y (3) ~g*y (3) "2);
end

plot(x,vy, 'b', "MarkerSize',10, 'LineWidth',1);



xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (1l:length(Y1l))=(1l+g*Y1l) /beta;
Yl=(alpha-X1);

plot(0,0,'g.',alpha,0,'k."',x1,Y1,'g."',1,0,"'g."', "MarkerSize'

subplot(2,2,2)
beta=13.6;
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1:length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k=");
hold on;
plot (X2,Y2,'r=");

for j=1:M
t (§+1) =t (3)+dt;
x(J+1)=x(J)+dt* (alpha*x (]
v (j+1)=y (J) +dt* (beta*x (J)

-x(3)"
(3)-vy (3

2-x (]
y(J)-

) (
*y (3
end

plot(t,x, 'b-', "LineWidth',2);
xlabel ('Time \rightarrow');
ylabel ('f(x,y) \rightarrow');
grid off;

subplot (2,2, 3)
beta=13.7;
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1l:1length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k=-");
hold on;
plot (X2,Y2,'r=");

for j=1:M
t(j+1)=t(J)+dt;
X (J+1)=x(7)+dt* (alpha*x (J) -x
v (J+1)=y () +dt* (beta*x (J) *y (

) A

— U

(
J
end

plot(x,vy,'b', '"MarkerSize',10, 'LineWidth',1);
xlabel ('x \rightarrow');

ylabel ('y \rightarrow');

X1 (l:length(Y1))=(1+g*Y1l) /beta;
Yl=(alpha-X1);

plot(0,0,'g.',alpha,0,'k."',x1,Y1,'g."'",1,0,'g.', "MarkerSize'

subplot (2,2,4)
beta=13.7;
X1=0:0.01:1;
Y1l=(alpha-X1);
Y2=0:0.1:1;
X2 (1l:length(Y2))=(1+g*Y2) /beta;
plot (X1,Y1, 'k-");
hold on;

,20);

,20);



plot(X2,Y2,'r=");

for j=1:M
t(3+1)
X (J+1)=x(7)+dt* (alpha*x (7J) -
y(J+1) =y (J)+dt* (beta*x(]) *y
end

t(j)+dt;

plot(t,x, 'b-"', '"LineWidth',2);
xlabel ('Time \rightarrow');
ylabel ('f(x,y) \rightarrow');
grid off;



