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LAMPIRAN

Lampiran 1 Hubungan A dan 7, pada persamaan (127)

clear
clc

r=0.02;

a1=250;

q=100;

d4=417;
k2=100000;
C=q/d4;
A1=(a1*C)/(k2+C);

fp = fimplicit(@(x,y) y-rtA1*exp(-y*x), [-3 11 -12 4]);
fp.Color ='b';

fp.LineWidth = 1.5;

line([0,0], ylim, 'Color', 'k', 'LineWidth', 0.75);
line(xlim, [0,0], 'Color', 'k', 'LineWidth', 0.75);

hold on

xline(7.07,"--'\tau_{2}=
\tau_{2}{*}','LabelVerticalAlignment','middle','LabelOrientation’,'horizontal’)
xline(10,'--'\tau_{2} >
\tau_{2}M*}','LabelVerticalAlignment','middle','LabelOrientation','horizontal’)
xline(3,'--"\tau_{2} <
\tau_{2}M*}','LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal’)
hold off

xlabel("\tau_{2} (hari)', 'Fontsize', 10)
ylabel("\lambda','FontSize',10)
titte("Hubungan \tau_{2} terhadap \lambda')

Lampiran 2 Hubungan t, terhadap bagian real 1 pada persamaan (127)

clear
clc

r=0.02;
a1=250;
q=100;
d4=417;
k2=100000;
C=q/d4;
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A1=(a1*C)/(k2+C);

syms x y

fp = fimplicit(@(x,y) y-r+A1*exp(-y*x)*cos(x*sqrt((A1*exp(-y*x))*2-(y-r)*2)), [-0.5 20 -
10 1]);

fp.Color ='b';

fp.LineWidth = 1;

line([0,0], ylim, 'Color', 'k, 'LineWidth', 0.75); % Draw line for Y axis.

line(xlim, [0,0], 'Color', 'k, 'LineWidth', 0.75); % Draw line for X axis.

xlabel("\tau_{2} (hari)', 'Fontsize', 10)

ylabel('bagian real','FontSize',10)

titte("Hubungan \tau_{2} terhadap bagian real akar kompleks eigen')

Lampiran 3 Hubungan t, terhadap bagian imajiner A pada persamaan (127)

clear
clc

r=0.02;

a1=250;

q=100;

d4=4.17;
k2=100000;
C=q/d4;
A1=(a1*C)/(k2+C);

fp = fimplicit(@(x,y) y-A1*exp(-x*(-r-y*cot(y*x)))*sin(y*x), [0 7 -4 4]);
fp.Color ='b';

fp.LineWidth = 1;

line([0,0], ylim, 'Color, 'k, 'LineWidth', 0.1);

line(xlim, [0,0], 'Color', 'k, 'LineWidth', 0.1);

xlabel('\tau_{2} (hari)', 'Fontsize', 10)

ylabel('bagian imajiner','FontSize',10)

titte("Hubungan \tau_{2} terhadap bagian imaijiner akar kompleks eigen')

Lampiran 4 Hubungan A dan q pada persamaan (127)

clear
clc

r=0.02;
a1=250;
q=100;
d4=417;
k2=100000;
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fp = fimplicit(@(x,y) y-r+(a1*(x/d4))/(k2+(x/d4))*exp(-y*3), [0 300 -1.5 0.2]);
fp.Color ='b';

fp.LineWidth = 1.5;

line([0,0], ylim, 'Color', 'k', 'LineWidth', 0.75);

line(xlim, [0,0], 'Color', 'k', 'LineWidth', 0.75);

hold on

xline(217,'--',\tau_{2}=
\tau_{2}*},'LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal','LabelHor
izontalAlignment','center’)

xline(270,'--',\tau_{2} >
\tau_{2}M*},'LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal','LabelHor
izontalAlignment','center’)

xline(100,'--","\tau_{2} <
\tau_{2}*},'LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal','LabelHor
izontalAlignment','center’)

xline(33.3627,'--
''LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal','LabelHorizontalAlig
nment','center’)

hold off

xlabel('q (ml/mm~{3})', 'Fontsize', 10)
ylabel("\lambda','FontSize',10)
titte("Hubungan q terhadap \lambda')

text(22.36,-0.05,'33.36')

Lampiran 5 Hubungan 4 dan 7, pada persamaan (177)

clear
clc

delta=0.05;
a2=260;

q=100;

d4=417;
k2=100000;
C=q/d4;
A2=(a2*C)/(k2+C);

fp = fimplicit(@(x,y) y+delta+A2*exp(-y*x), [-2 9 -15 5]);

fp.Color ='b';

fp.LineWidth = 1.5;

line([0,0], ylim, 'Color, 'k', 'LineWidth', 0.75); % Draw line for Y axis.
line(xlim, [0,0], 'Color', 'k, 'LineWidth', 0.75); % Draw line for X axis.
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hold on

xline(4.67,'--'\tau_{2}=
\tau_{2}M*},'LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal’)
xline(7,--'\tau_{2} >
\tau_{2}{*}','LabelVerticalAlignment','middle','LabelOrientation’,'horizontal’)
xline(2,'--"\tau_{2} <
\tau_{2}M*}','LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal’)
hold off

xlabel("\tau_{2} (hari)', 'Fontsize', 10)
ylabel(\lambda','FontSize',10)
titte("Hubungan \tau_{2} terhadap \lambda')

Lampiran 6 Hubungan t, terhadap bagian real 1 pada persamaan (127)

clear
clc

delta=0.05;
a2=260;

q=100;

d4=417;
k2=100000;
C=q/d4;
A2=(a2*C)/(k2+C);

syms x y

fp = fimplicit(@(x,y) y+delta+A2*exp(-y*x)*cos(x*sqrt((A2*exp(-y*x))*2-(y+delta)*2)),
[-0.520-10 1]);

fp.Color ='b';

fp.LineWidth = 1;

line([0,0], ylim, 'Color', 'k', 'LineWidth', 0.75); % Draw line for Y axis.

line(xlim, [0,0], 'Color, 'k, 'LineWidth', 0.75); % Draw line for X axis.

xlabel("\tau_{2} (hari)', 'Fontsize', 10)

ylabel('bagian real','FontSize',10)

titte("Hubungan \tau_{2} terhadap bagian real akar kompleks eigen')

Lampiran 7 Hubungan t, terhadap bagian imajiner A pada persamaan (127)

clear
clc

delta=0.05;
a2=260;
q=100;
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d4=4.17;
k2=100000;
C=q/d4;
A2=(a2*C)/(k2+C);

fp = fimplicit(@(x,y) y-A2*exp(-x*(-delta-y*cot(y*x)))*sin(y*x), [0 7 -4 4]);
fp.Color ='b';

fp.LineWidth = 1;

line([0,0], ylim, 'Color, 'k, 'LineWidth', 0.1); % Draw line for Y axis.
line(xlim, [0,0], 'Color', 'K', 'LineWidth', 0.1); % Draw line for X axis.
xlabel('\tau_{2} (hari)', 'Fontsize', 10)

ylabel('bagian imajiner','FontSize’',10)

title('"Hubungan \tau_{2} terhadap bagian imajiner akar kompleks eigen')

Lampiran 8 Hubungan A dan q pada persamaan (177)

clc

clear all
delta=0.05;
a2=260;
q=100;
d4=417;
k2=100000;

fp = fimplicit(@(x,y) y+delta+((a2*(x/d4))/(k2+(x/d4)))*exp(-y*3), [-2 220 -3 1]);
fp.Color ='b';

fp.LineWidth = 1.5;

line([0,0], ylim, 'Color", 'K', 'LineWidth', 0.75); % Draw line for Y axis.

line(xlim, [0,0], 'Color, 'k", 'LineWidth', 0.75); % Draw line for X axis.

hold on

xline(200,'--',"\tau_{2}=
\tau_{2}*},'LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal','LabelHor
izontalAlignment','center’)

xline(169,'--'"\tau_{2} >
\tau_{2}{*},'LabelVerticalAlignment','middle','LabelOrientation’,'horizontal','LabelHor
izontalAlignment','center’)

xline(120,'--","\tau_{2} <
\tau_{2}*{*},'LabelVerticalAlignment','middle’,'LabelOrientation’,'horizontal','LabelHor
izontalAlignment','center’)

hold off

xlabel('q (ml/mm”*{3}), 'Fontsize', 10)

ylabel("lambda','FontSize',10)

title("Hubungan q terhadap \lambda')



Lampiran 9 Simulasi numerik tanpa waktu tunda

function dy = F_Sistem_Non_Delay(~,y,~)
clc;close all;

K=1000000;
r=0.02;
b=250;
beta=0.1;
delta=0.05;
a1=250;
a2=260;
b1=0.0008;
b2=0.0001;
b3=0.0002;
d1=0.03;
d2=0.05;
d3=0.01;
d4=417;
k1=100000;
k2=100000;
k3=100000;
p1=0.7;
p2=0.5;
g=50;

dy = zeros(6,1);

dy(1) = rry(1)*(1-(y(1)+y(2))/K)-(beta*y(1)*y(3))/(k1+y(1))-b1*y(1)*y(5)-
(@1*y(1)*y(6))/(k2+y(6));

dy(2) = (beta*y(1)*y(3))/(k1+y(1))-delta*y(2)-b2*y(5)*y(2)-b3*y(4)*y(2)-
(a2%y(2)"y(6))/(k3+y(6));

dy(3) = b*delta*y(2)-(beta™y(1)*y(3))/(k1+y(1))-d1*y(3);

dy(4) = p1*y(2)-d2*y(4);

dy(5) = (p2*(y(1)*+y(2)))/(k3+(y(1)+y(2)))-d3*y(3);

dy(6) = g-d4*y(6);

end

clc;
clear;
time1 = linspace(0,100,100);

n1 =10000;
n2 = 100;
n3 = 500;
n4 =100;
n5 =100;
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n6 = 100;
S =[n1;n2;n3;n4;n5;n6];
soll = ode45(@F_Sistem_Non_Delay,time1,S);

T1 = soll.x’;
Y1 = soll.y,
T2 = soll.x';
Y2 = soll.y"
T3 = soll.x";
Y3 = soll.y';
T4 = soll.x';
Y4 = soll.y"
T5 = soll.x';
Y5 = soll.y';
T6 = soll.x";
Y6 = soll.y';

P1 = spline (T1, Y1(:,1), time1);
P2 = spline (T2, Y2(;,2), time1);
P3 = spline (T3, Y3(:,3), time1);
P4 = spline (T4, Y4(:,4), time1);
P5 = spline (T5, Y5(;,5), time1);
P6 = spline (T6, Y6(:,6), time1);

%Subplot 1

Y%subplot(3, 2, 1);

plot(time1, P1,'color','k", 'LineWidth', 1.5)

set(gca,'fontsize’,16)

xlabel("Waktu (hari)', 'Fontsize', 14)

ylabel('P(t)','FontSize',14)

title('"dJumlah sel tumor belum terinfeksi virus dalam tubuh’, 'Fontsize', 12)

plot(time1, P2,'color','k’, 'LineWidth', 1.5)

set(gca,'fontsize’,16)

xlabel('Waktu (hari)', 'Fontsize', 14)

ylabel('Q(t)','FontSize',14)

title('"Jumlah sel tumor terinfeksi virus dalam tubuh’, 'Fontsize', 12)

plot(time1, P3,'color','k", 'LineWidth', 1.5)
set(gca,'fontsize’,16)

xlabel('Waktu (hari)', 'Fontsize', 14)
ylabel('V(t)','FontSize',14)

title('Jumlah partikel virus bebas dalam tubuh’, 'Fontsize', 12)



plot(time1, P4,'color','k", 'LineWidth', 1.5)

set(gca,'fontsize’,16)

xlabel("Waktu (hari)', 'Fontsize', 14)
ylabel('E_{V}(t)','FontSize',14)

title('Jumlah sel imun terhadap virus dalam tubuh’, 'Fontsize', 12)

plot(time1, P5,'color','k", 'LineWidth', 1.5)

set(gca,'fontsize’,16)

xlabel("Waktu (hari)', 'Fontsize', 14)

ylabel('"E_{T}(t)','FontSize',14)

title('Jumlah sel imun terhadap tumor dalam tubuh’, 'Fontsize', 12)

plot(time1, P6,'color','k", 'LineWidth', 1.5)

set(gca,'fontsize’,16)

xlabel("Waktu (hari)', 'Fontsize', 14)

ylabel('C(t)','FontSize',14)

title('Konsentrasi obat kemoterapi dalam tubuh’, 'Fontsize', 12)

Y%axes('Position',[.7 .2 .2 .2])
%box on
Y%plot(time2,P2)
%xlim([0 5])
Y%ylim([0 5])
axes('Position',[.7 .2 .2 .2])
box on
fori=1:LL
plot(time1, G{i},'linewidth', 1.5)
if i==
hold on
end
end
xlim([32 35])
ylim([600 750])

Lampiran 10 Simulasi numerik dengan variasi parameter tanpa waktu tunda

function dy = F_Sistem_Non_Delay1(~,y,~)
clc;close all;

global g
K=1000000;
r=0.02;
beta=0.1;
b=250;
delta=0.05;
a1=250;
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a2=260;
b1=0.0008;
b2=0.0001;
b3=0.0002;
d1=0.03;
d2=0.05;
d3=0.01;
d4=4.17;
k1=100000;
k2=100000;
k3=100000;
p1=0.7;
p2=0.5;

dy = zeros(6,1);

dy(1) = rry(1)*(1-(y(1)+y(2))/K)-(beta*y(1)*y(3))/(k1+y(1))-b1*y(1)*y(5)-
(@1*y(1)*y(6))/(k2+y(6));

dy(2) = (beta*y(1)*y(3))/(k1+y(1))-delta*y(2)-b2*y(5)*y(2)-b3*y(4)*y(2)-
(a2*y(2)"y(6))/(k3+y(6));

dy(3) = b*delta*y(2)-(beta™y(1)"y(3))/(k1+y(1))-d1*y(3);

dy(4) = p1*y(2)-d2*y(4);

dy(5) = (p2*(y(1)+y(2)))/(k3+(y(1)+y(2)))-d3*y(5);

dy(6) = g-d4*y(6);

end

clc;
clear;
time1 = linspace(0,100,100);

n1 =10000;
n2 = 100;
n3 = 500;
n4 = 100;
n5 =100;
n6 = 100;

S =[n1;n2;n3;n4;n5;n6];
Nilai_g = [0 25 50 75 100];
LL = length(Nilai_g);
Legend=cell(LL,1);
fori=1:LL
global g
g = Nilai_g(i);
soll = ode45(@F_Sistem_Non_Delay1,time1,S);



T1 = soll.x’;
Y1 = soll.y,
T2 = soll.x;
Y2 = soll.y"
T3 = soll.x’;
Y3 = soll.y"
T4 = soll.x’;
Y4 = soll.y"
T5 = soll.X’;
Y5 = soll.y"
T6 = soll.x’;
Y6 = soll.y"

P1 = spline (T1, Y1(:,1), time1);
P2 = spline (T2, Y2(;,2), time1);
P3 = spline (T3, Y3(:,3), time1);
P4 = spline (T4, Y4(:,4), time1);
P5 = spline (T5, Y5(;,5), time1);
P6 = spline (T6, Y6(:,6), time1);

G{)=P1;

Legend{i}=sprintf('q = %.4g",Nilai_g(i));
end

fori=1:LL
plot(time1, G{i},'linewidth', 1.5)
if i==
hold on
end
end

Igd=legend(Legend)

fontsize(lgd,12,'points’")

set(gca,'fontsize’,16)

xlabel("Waktu (hari)', 'Fontsize', 14)

ylabel('(P)(t)','FontSize',14)

title('Variasi g pada jumlah sel tumor belum terinfeksi virus dalam
tubuh','FontSize',10)

Lampiran 11 Simulasi numerik dengan variasi 7; dan 7,

function dy = F_Sistem_With_Delay1(~,y,Z)
clc; close all;

K=1000000;
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r=0.01;
b=250;
beta=0.1;
delta=0.05115;
a1=50;
a2=60;
b1=0.0008;
b2=0.0001;
b3=0.0002;
d1=0.03;
d2=0.05;
d3=0.01;
d4=417;
k1=100000;
k2=100000;
k3=100000;
p1=0.7;
p2=0.5;
g=3;

dy = zeros(6,1);

ylag1 = Z(:,1);

ylag2 = Z(:,2);

dy(1) = ry(1)*(1-(y(1)+y(2))/K)-(beta*ylag1(1)*ylag1(3))/(k1+ylag1(1))-
b1*y(1)*y(5)-(a1*ylag2(1)*ylag2(6))/(k2+ylag2(6));

dy(2) = (beta*ylag1(1)*ylag1(3))/(k1+ylag1(1))-delta*y(2)-b2*y(5)*y(2)-
b3*y(4)*y(2)-(a2"ylag2(2)*ylag2(6))/(k3+ylag2(6));

dy(3) = b*delta®y(2)-(beta™y(1)"y(3))/(k1+y(1))-d1*y(3);

dy(4) = p1*y(2)-d2"y(4);

dy(5) = (p2*(y(1)+y(2)))/(k3+(y(1)+y(2)))-d3"y(5);

gy(ﬁ) = g-d4*y(6);
en

clc ; clear all;
time1 = linspace(0,100,100);

n1 = 10000;
n2 = 200;
n3 = 500;
n4 =100;
n5 = 100;
n6 = 100;

S =[n1;n2;n3;n4;n5;n6];
Nilai_lag1 =[0.33 0.5 0.66 0.83 1];
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LL = length(Nilai_lag1);
Legend = cell(LL,1);

for i=1:LL
lag1 =[0.33 0.5 0.66 0.83 1];
lags = [lag1(i), 3];

soll = dde23(@F_Sistem_With_Delay1,lags, S, time1);

T1 = soll.x’;
Y1 = soll.y
T2 = soll.x’;
Y2 = soll.y"
T3 =soll.x’;
Y3 = soll.y";
T4 = soll.x’;
Y4 = soll.y"
T5 = soll.X’;
Y5 = soll.y"
T6 = soll.x’;
Y6 = soll.y";

P1 = spline (T1, Y1(:,1), time1);
P2 = spline (T2, Y2(;,2), time1);
P3 = spline (T3, Y3(:,3), time1);
P4 = spline (T4, Y4(:,4), time1);
P5 = spline (T5, Y5(;,5), time1);
P6 = spline (T6, Y6(:,6), time1);

G{i} = P4;

Legend{i}=sprintf("\\tau_{1} = %.44d',Nilai_lag1(i));
end

fori=1:LL
plot(time1, G{i},'linewidth', 1.5)
if i==
hold on
end
end

Ilgd=legend(Legend)
fontsize(lgd,12,'points’)
set(gca,'fontsize’,16)

xlabel('Waktu (hari)', 'Fontsize', 14)
ylabel("V(t)','FontSize',14)
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title('Variasi \tau_{1} pada jumlah sel imun terhadap virus dalam
tubuh','FontSize',10)

axes('Position',[.7 .2 .2 .2])
box on
fori=1:LL
plot(time1, G{i},'linewidth’, 1.5)
if i==
hold on
end
end
xlim([15 32])
ylim([1700 2000])
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