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clear all

global Ih bita pi mh picap la Ib If ma mb mf alpha tildpi pibrave barpi arrowpi
1h=317;

bita=0.24;

pi=0.18;

mh=0.00004;%0.0004,0.4,0.0712

1=14950%1/14,12

picap =0.05;%0 .25,0.01

mf=0.189;%0.71420,.071428,1,0.0789,0.189

1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

RO = (bita™2*pi*pibrave*la*lb*If+ ¢
alpha™2*barpi*tildpi*lb*Ih*1f+alpha”2*picap*arrowpi*la*lh*1f)/(mf*2*Ih*la*1b);
tspan=[0 300];
x0=[300,50,30,20,15,8,1500,500] ; % period orbit
[t.,x] = oded45("CLTWOF1l tspan,x0);
figure(11)

plot(t,x(:,1));

hold on;

figure(12)

plot(t,x(:,2));

hold on

figure(13)

plot(t,x(:,3));

hold on

figure(14)

plot(t,x(:,4));

hold on;

figure(15)

plot(t,x(:,5));

hold on;

figure(16)

plot(t,x(:,6));

hold on;

figure(17)

plot(t,x(:,7));

hold on;

figure(18)

plot(t,x(:,8));

hold on;



12/7/16 2:50 PM C:\Users\Personal\Desktop\CONTROL\CLTWOf1l._m 1 of 1

function yp= CLTWOFf1 (t,y)

global
a,
,:
@a,:
“4,:
G, :
(@6,:
@,:

yp
yp
yp
yp
yp
yp
yp

=

Ih bita pi mh picap la Ib If ma mb mf alpha tildpi pibrave barpi arrowpi

Ih-bita.*pi.*y(8).*y(1)-/(y(1)+y(2))- mh.*y(1);

bita.*pi.*y (8)-*y(1)./y(1)+y(2))- mh.*y(2);
la-alpha.*tildpi.*y(8).*y(3).-/(y(3)+y(4))- ma.*y(3);
alpha.*tildpi.*y(8).*y(3).7/(y(3)+y(d)- ma.*y(4);
Ib-alpha.*picap*y(8).*y(5)./7(y(5)+y(6))- mb.*y(5);
alpha.>*picap.*y(8).*y(5)/(y(5)+y(6))- mb.*y(6);

If-bita.*pibrave.*y(7).*y(2) ./(y(1)+y(2))-alpha.-*barpi.*y(7).*y(4) ./(y(3)+y ¥

(4))-alpha.*arrowpi.*y(7).*y (6)/(y(5)+y(6))- mf.*y(7);
yp (8,:)= bita.*pibrave.*y(7)-*y(2)./(y(1)+y(2))+alpha.*barpi.*y(7).*y(4)-/(y(3)+y(4)) ¢«
+alpha.*arrowpi.*y(7).*y (6)./(y(5)+y(6))- mf.*y(8);
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function controlall

clc

solinit = bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 O 0 O«
D:

options = bvpset("Stats”,"on","RelTol",le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta 4 row_1v
row 2 row 3 row 4 row 5w ilw?2w3w4

w_1=0.1;

w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;

pi=0.12;

picap =0.05;%0 .25,0.01

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;
y = sol.y;
% ul=0;

ul=max(min((y(10,:)- y(9,:))-*eta_l.*bita.*pi.*y(8,:).*y(1,:)-/(((Y(1,:)+y(2,:)).*«
w_1))),1),0);

u2=max(min((y(12,:)- y(11,:)).-*eta_2_*alpha.*tildpi.*y(8,:)-*y(3,:)-/(((y(3B,:)D)+y(4,:)) .-«
*(W_2))).1).0);

ud=max(min((y(14,:)- y(13,:)).*eta_3.*alpha*picap-*y(8,:).*y(5,:)./(((y(5,:)+y(6,:)).* ¥
_3))),1),0);

ud=max(min((y(16,:)- y(15,:))*eta_4.*(bita.*pibrave.*y(7,:).*y(2,:).*(y(3,:)+y(4,:)).* ¢
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥
*arrowpi . *y(7,:)-*y(6,:)-*(y(3,:)+y(4,:)) - *(y(1,:)*+y(2,:))) - /(((Y(1, )*y(2,:)) - *(¥(B, ) ¢
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))).1),0);

n = length(t);

J = 1*(row_1*y(2,:)"+ row_2*y(4,:)"+ row_3*y(6,:)"+row_4*y(7,:)"+row_5*y(8,:)"+0.5* ¢
((w_D)*uD)*ul) "+(w_2)*(u2)*(u2) "+w_3*u3)*u3) "+w_4*(ud)*ud)"))./n

figure (10)

plot(t,y(1,:));

hold on;

figure (11)

plot(t,y(2,:));

hold on;

figure(12)

plot(t,y(3,:));

hold on;

figure(13)

plot(t,y(4,:));

hold on;

figure(14)

plot(t,y(5,:));

hold on;

figure(15)

plot(t,y(6,:));

hold on;

Ffigure(16)

plot(t,y(7,:));
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hold on;

figure(17)
plot(t,y(8,:));
hold on;

figure(2)
plot(t,ul,"y");

% Figure(3)

hold on;

plot(t,u2, °“r°);
hold on;

% Figure(4)
plot(t,u3, "g");

% Figure(b)
plot(t,ud);

hold off;

tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit
x0=[10,600,5,260,2,150,80000,12000];
[t,x] = oded45("CLTWOF1",tspan,x0);
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(1l)
plot(t,x(:,2),"9");
hold on;

figure(12)
plot(t,x(:,3),"y");
hold on;

figure(13)
plot(t,x(:,4), n");
hold on;

figure(14)
plot(t,x(:,5), k");
hold on;

figure(15)
plot(t,x(:.6),"9");
hold on;

figure(16)
plot(t,x(:,7),"r");
hold on;

figure(17)
plot(t,x(:,8),°9");
hold on;

function dydt = BVP_ode(t,y)

global Ih bita pi mh picap 1a Ib ITf ma mb mf alpha tildpi pibrave barpi arrowpi ¥
eta_ 1l eta 2 eta_ 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w1 w2 w3wi4
w_1=0.1;

w_2=0.1;w_3=0.2;w_4=0.3;

1h=317;

bita=0.21;

pi=0.12;

mh=0.00004 ;%0 .0004,0712

1T=14950;%1/14,12

picap =0.05;%0 .25,0.01

mf=0.189;%0.71420, .071428,1,0.0789,0.289
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1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row_4=0.02;row_5=0.04;

% ul=0;

ul=max(min((y(10,:)- y(9,:))-*eta_1.*bita.*pi.-*y(8,:)-*y(1,:).7/(((y(1,:)+y(2,:)).*«
W_1))),1),0);

u2=max(min((y(12,:)- y(11,:)).-*eta_2_*alpha.*tildpi.*y(8,:).*y(3,:)./(((y(3,)D)+ty(4,:)) .«
*(W_2))),1),0);

ud=max(min((y(14,:)- y(13,:)).*eta_3.*alpha.*picap.*y(8,:)-*y(5,:).7(((y(5,:)+y(6,:)).*«¥
W_3))),1),0);

ud=max(min((y(16,:)- y(15,:)).-*eta_4.*(bita.*pibrave.*y(7,:).-*y(2,:)-*(y(@,:)+y(4,:)).*¢
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:)-*(y(1,:)+y(2,:)) - *(y(5,:)+y(6,:))+alpha. ¥
*arrowpi.*y(7,:)-*y(6,:).*y(3,:)+y(4,:)) - *(y(1,:)+y(2,:))) - /(((Y(1,)+y(2,:)) - *(¥Y(3,:) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);

dydt=[(Ih.*(y(1)+y(2))-bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y¥
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2))).-/(y(1)+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8) -*y(3)- ma.*y(3).-*(y(3)+y ¥
1)) -7¢y3+y(4)):

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4)))./(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¥
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8)-*y(5)- mb.*y(6).*(y(5)+y(6)))-/(y(5)+y(6));

Af.*D+y(2)) -*(y)+y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*u4) .*y«
@) - *(y)+y(D)) -*(y(5)+y(6))-alpha.*barpi.*y(7) .*(1-eta_4.*u4) .*y(4) - *(y(D+y(2)) -*(y ¥
(5)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*u4).*y(6) .*(y(1)+y(2)) - *(y(3)+y(4))- mFf.*y(7). ¢
*(Y(D+y(2)) -*(y(3)+y(4)) -*y(5)+y(6))) - /((y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*ud) .*y(2) - *(y(3)+ty(4)) - *(y(B)+y(6))+alpha.*barpi . ¢
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(1)+y(2)) -*(y(5)+y(6))+alpha.*arrowpi.*y(7) .*(1l-eta_4. ¥
*u4) .*y(6) - *(Y(D+y(2)) - *(Y(3)+y(4))- mF.*y(8).*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))). ¥
/(y(D+Y(2)) - * (YR +y(4)) - *(y(5)+y(6)));

Q) .*(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(2)+ mh.*(y(L)+y(2))"2)-y(10) .*bita.*pi.* ¢
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave.*(1l-eta_4.*ud).*y(7).*y(2)+ y(16). ¥
*bita.*pibrave.*(1l-eta_4.*u4).*y(7).*y(2))/(y(L)+y(2))"2;

(-row_1.*(y(1)+y(2)"2)- y(9)-*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* ¢
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(LD)+y(2))"2;

(y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¢
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*yv«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4))./(y(3)+y(4))"2;

(-row_2_*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3))+ y(12) .«
*(alpha.*tildpi.*(1-eta_2.*u2) . *y(8).-*y(3)+ ma.*(y(3)+y(4))"2) + y(15).-*alpha.*barpi.*yv¢
(7)) .*(1-eta_4.*ud) . *y(3)- y(16).*alpha.-*barpi.*y(7).-*(1-eta_4.-*ud).*y(3))-/(y(A)+y(4)) ¢
A2;

(y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8)*y(6)+ mb.*(y(5)+y(6))"2)-y(14). «
*alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)-y(15).*alpha.*arrowpi.*y(6).*y(7).*(1-eta_4.«
*u4)+y(16) -*alpha.*arrowpi . *y(6) .*y(7) . *(1-eta_4.*u4)) ./(y(5)+y(6))"2;



12/7/16 2:51 PM C:\Users\Personal\Desktop\CONTROL\controlall_m 4 of 4

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5))+ y(14).*«
(alpha.*picap-*(1-eta_3.*u3).*y(8) .-*y(5)+ mb_.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y«
(7)) .*(1-eta_4.*ud) .*y(5)- y(16).*alpha.-*arrowpi.*y(7).*(1-eta_4.*u4).*y(5))-/(y(B)+y«
(6))"2;

(-row_4_*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) . *bita.*pibrave.*(1-eta_4. ¥
*u4).*y(2) - *(Y(3)+y(4)) - *(y(5)+y(6))+y(15) - *alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y ¢
(2)) - *(y(5)+y(6))+ y(15).*alpha.*arrowpi.*y(6).*(1-eta_4.*u4) . *(y(1)+y(2))-*(y(3)+y(4)) ¢
+y(15) .*mf_*(y (D +y(2)) -*(y(3)+y(4)) - *(y(5)+y(6))-y(16) .*bita.*pibrave.*(1-eta_4.*ud). ¥
*y(2) . *(y(3)+y(4)) -*(y(5)+y(6))-y(16) -*alpha.*barpi.*y(4) .*(1-eta_4.*ud) .*(y(1)+y(2)) .* ¢
y(G)+y(6))- y(16).*alpha.*arrowpi.*y(6).-*(1-eta_4.*u4).*(y(1)+y(2))-*(y(3)+y(4)))-/((y ¢
+y(2)) - *(y)+y(@)) -*(y(5)+y(6)));

(-row_5.*(y(1D+y(2)) -*(y(3)+y(4)) - *(y(5)+y(6))+y(9) . *bita.*(l-eta_l.*ul) .*pi.*y ¥
@ -*yG)+y(4)) -*(y(5)+y(6))-y(10) - *bita.*(1-eta_1.*ul) .*pi.*y(1) - *(Y(3)+y(4)) - *(y(5) ¥
+ty(6)) +y(11).*alpha.*barpi.*y(3).*(1-eta_2.*u2).*(y(1)+y(2))-*(y(5)+y(6))- y(12). ¢
*alpha.*barpi.*y(3).*(1l-eta_2.*u2) . *(y(L)+y(2)) -*(y(5)+y(6))+y(13) .*alpha.*picap-*(1-«
eta_3.7*u3).*y(5) - *(y(1)+y(2)) - *(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3).*y(5) - *(y ¥
D+y(2)) -*(y(3)+y(A))+y(16) -*mf.*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))) - /((y(1)+y(2)) - ¢
*(y()+y(4)) - *(y(BG)+y(6)))1;

RO = (bita™2*pi*pibrave*la*lb*If+ ¢
alpha™2*barpi*tildpi*lb*lh*If+alpha”2*picap*arrowpi*la*Ih*I1f)_./(mf*2*1h*1a*1b);
function res= BVP_bc(ya,yb)

res= [ya(1)-10

ya(2)-600

va(3)-5

ya(4)-260

ya(5)-2

ya(6)-150

ya(7)-80000

ya(8)-12000

yb(9)-0

yb(10)-0

yb(11)-0

yb(12)-0

yb(13)-0

yb(14)-0

yb(15)-0

yb(16)-0 ];
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function controlul

clc
solinit
D:

options

bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 0 O O

bvpset("Stats”,"on","RelTol",1le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta_4 row_1«
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf

w_1=0.1;
w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;
pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;
alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;
1b=20;
1¥=14950;
1h=317;

eta _1=0.2;eta 2=0.3; eta_3=0.1;eta 4=0.4;

sol = bvp4c(@BVP_ode

t = sol.x;
y = sol.y;
ul=0;

u2=max(min((y(12, :)-

*(W_2))),1),0);
u3=max(min((y(14, :)-

W_3))),1),0);

ud=max(min((y(16,:)-

, @BVP_bc, solinit, options);

y(11,:)).*eta_2.*alpha.*tildpi.*y(8,:)-*y(3,:)-/(((Y(3,:)+y(4,:)). ¥
y(13,:)).*eta_3.*alpha*picap.*y(8,:).*y(5,:)./(((y(5,:)+y(6,:)).* ¥

y(15,:)) -*eta_4.*(bita.*pibrave.*y(7,:).*y(2,:)-*(y(3,:)ty(4,:)) .*«

(5, :)+y(6,:))+ alpha.*barpi.*y(7,:)-*y(4,:).*(y(1,:)+y(2,:)) - *(y(5,:)+y(6, :))+alpha. ¢
*arrowpi.*y(7,:)-*y(6,:)-*y(3,:)+y(4,:)) - *(y(1,:)+y(2,:))) - /(((y(1, D+y(2,:)) - *(¥y(@B,:) ¥
+y(4,:))-*(y(5,)+y(6,:))-*(W_4))),1),0);

n = length(t);
J = 1*(row_1*y(2,:)"+ row_2*y(4,:)"+ row_3*y(6,:)"+row_4*y(7,:)"+row_5*y(8,:)"+0.5* ¢
(w_D)*uD)*ul) "+(w_2)*(u2)*(u2)+w_3*(u3)*u3) "+w_4*(ud)*(ud) ")) ./n

figure (10)

plot(t,y(1,:));

hold on;
figure (11)

plot(t,y(2,:));

hold on;
figure(12)

plot(t,y(3,:));

hold on;
figure(13)
plot(t,y(4,
hold on;
figure(14)
plot(t,y(5,
hold on;
figure(15)

plot(t,y(6,:));

hold on;

)

)
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figure(16)
plot(t,y(7,:));
hold on;

figure(17)
plot(t,y(8,:));
hold on;

figure(2)

% plot(t,ul);

% Figure(3)
plot(t,u2, °“r°);
hold on;

% figure(4)
plot(t,u3, "g");

% Figure(b)
plot(t,ud);

hold off;

tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit
x0=[10,600,5,260,2,150,80000,12000] ;
[t,x] = oded45("CLTWOF1",tspan,x0);
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(1l)
plot(t,x(:,2),"9");
hold on;

figure(12)
plot(t,x(:,3),y");
hold on;

figure(13)
plot(t,x(:,4),"m");
hold on;

figure(14)
plot(t,x(:,5),"k");
hold on;

figure(15)
plot(t,x(:,6)"9");
hold on;

figure(16)
plot(t,x(:,7), r");
hold on;

figure(17)
plot(t,x(:,8),"9");
hold on;

function dydt = BVP_ode(t,y)

global Ih bita pi mh picap 1la Ib If ma mb mf alpha tildpi pibrave barpi arrowpi ¥
eta_ l eta 2 eta 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w 1 w2 w3wi4
w_1=0.1;

w_2=0.1;w_3=0.2;w_4=0.3;

1h=317;

bita=0.21;

pi=0.12;

mh=0.00004;%0.004,0.04,0.0712

1=14950;%1/14,12

picap =0.05;%0 .25,0.01
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mf=0.189;%0.71420,.071428,1,0.0789,0.289

1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta 1=0.2;eta 2=0.3; eta 3=0.1;eta 4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row 4=0.02;row_5=0.04;

ul=0;

% ul=max(min((y(10,:)- y(9,:)).*eta_l1l.*bita.*pi.-*y(8,:).*y(1,:)./(((y(1,:)+y(2,:))-*«
w_1))),1),0);

u2=max(min((y(12,:)- y(11,:)).-*eta_2*alpha.*tildpi.*y(8,:)-*y(3,:) - /(((¥y@,:D)+y(4,:)). ¢
*(W_2))).1).,0);

ud=max(min((y(14,:)- y(13,:)).*eta_3.*alpha.*picap.*y(8,:)-*y(5,:).7(((y(5,:)+y(6,:)).* ¢
_3))),1),0);

ud=max(min((y(16,:)- y(15,:)).*eta_4.*(bita.*pibrave.*y(7,:).*y(2,:)-*(y(@,:)+y(4,:)).*¥«
v (5,:)+y(6,:))+ alpha.*barpi.*y(7,:)-*y(4,:).*(y(1,:)+y(2,:))-*(y(5, :)+y(6, :))+alpha. ¢
*arrowpi . *y(7,:).*y(6,:).*y(3,:)+y(4,:)) - *(y(1.:)+y(2,:))) - /(((y(1.,D+y(2,:)) - *(¥y(@B.,:) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))).1),0);

dydt=[(Ih.*(y(1)+y(2))-bita.*pi*(l-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y ¥
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2)))-/(y(1)+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8) -*y(3)- ma.*y(3).-*(y(3)+y ¢
1)) -7¢yB3+y(4)):

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4)))./(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¥
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8)-*y(5)- mb.*y(6).*(y(5)+y(6)))-/(y(5)+y(6));

Af.*(yMD+y(2)) -*(y)+y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*u4) .*y ¥
@) - *(y)+y(d)) -*(y(5)+y(6))-alpha.*barpi.*y(7) .*(1-eta_4.*u4) .*y(4) - *(y(D+y(2)) - *(y ¥
(5)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*ud).*y(6) .*(y(1)+y(2)) .- *(y(3)+y(4))- mF.*y(7). ¢
*(Y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)) - /((y(1+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*ud) .*y(2) - *(y(3)+ty(4)) - *(y(B)+y(6))+alpha.*barpi. ¢
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(1)+y(2)) -*(y(5)+y(6))+alpha.*arrowpi.*y(7) .*(1l-eta_4. ¢
*u4) .*y(6) - *(Y(D)+y(2)) - *(Y(3)+y(4))- mF.*y(8).*(y(1)+y(2)) - *(y(3)+y(4)) .- *(y(5)+y(6))). ¢
/(y(D+Y(2)) - * (YR +y(4)) - *(y(5)+y(6)));

(y(9) .*(bita.*pi.*(1-eta_l1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2)-y(10)-*bita.*pi.*«¥
(1-eta_1.*ul).*y(8).*y(2)- y(15).*bita.*pibrave.*(1l-eta_4.*ud).*y(7).*y(2)+ y(16). ¥
*bita.*pibrave.*(1l-eta_4.*u4).*y(7).*y(2))/(y(L)+y(2))"2;

(-row_1.*(y(L)+y(2)"2)- y(9)-*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* ¥
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(D)+y(2))"2;

(y(11) .*(alpha.*tildpi . *(1-eta_2.*u2).*y(8) .*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¢«
*alpha_*tildpi . *(1-eta_2.*u2).*y(8).-*y(4)- y(15).*alpha.*barpi.*y(7).-*(1l-eta_4.*ud).*y¥
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4)./(y(3)+y(4))"2;

(-row_2_*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3))+ y(12).«¢
*(alpha.*tildpi.*(1-eta_2.*u2) . *y(8).-*y(3)+ ma.*(y(3)+y(4))"2) + y(15).-*alpha.*barpi.*yv«
(7)) .*(1-eta_4.*ud) . *y(3)- y(16).*alpha.-*barpi.*y(7).-*(1l-eta_4.*ud).*y(3))-/(y(A)+y(4)) ¢
/\2;

(y(13) .*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)+ mb.*(y(5)+y(6))"2)-y(14). ¢
*alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)-y(15).*alpha.*arrowpi.*y(6).*y(7).*(1-eta_4.«
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*ud)+y(16) .*alpha.*arrowpi.*y(6).*y(7) .*(1l-eta_4.*u4)) ./(y(6)+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5))+ y(14).*«¢
(alpha.*picap-*(1-eta_3.*u3).*y(8) .-*y(5)+ mb_.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y«
(7)) .*(1-eta_4_*ud) .*y(5)- y(16).*alpha.-*arrowpi.*y(7).*(1-eta_4.*u4).*y(5))-/(y(5)+y¥
(6))"2;

(-row_4.*(y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) .*bita. *pibrave.*(1l-eta_4. ¢
*ud) . *y(2) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) . *alpha.*barpi.*y(4) .*(1-eta_4.*ud) . *(y(1)+y ¥
(2))-*(y(5)+y(6))+ y(15) . *alpha.*arrowpi.*y(6).*(1-eta_4.*ud) .*(y(1)+y(2)) .- *(y(3)+y(4)) ¢
+y(15) - *mf.*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))-y(16) .*bita.*pibrave.*(1-eta_4.*ud). ¢
*y(2) - *(y(3)+y(4)) -*(y(5)+y(6))-y(16) .*alpha.*barpi.*y(4) .*(1-eta_4.*ud) . *(y(1)+y(2)) -* ¢
y(3)+y(6))- y(16).*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2))-*(y(3)+y(4)))./((y ¢
+y(2)) - *(y ) +y(4)) -*(y(5)+y(6))):

(-row_5.*(y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))+y(9) . *bita.*(1-eta_1.*ul) .*pi.*y ¥
- *y3)+y(4)) -*(y(5)+y(6))-y(10) .*bita.*(1-eta_1.*ul).*pi.*y(1) .- *(y(3)+y(4)) -*(y(5) ¢
+y(6)) +y(11).*alpha.*barpi.*y(3).*(1-eta_2.*u2).*(y(1)+y(2))-*(y(5)+y(6))- y(12). ¢
*alpha.*barpi.*y(3)-*(1-eta_2.*u2).*(y(1)+y(2)) -*(y(5)+y(6))+y(13) .*alpha.*picap.*(1-«¥
eta_3.7*u3).*y(5) - *(Y(1+y(2)) - *(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3) .*y(5) - *(y ¥
D+y(2)) -*(y ) +y(4))+y(16) .*mF. *(y(1)+y(2) - *(Y(3)+y(4)) - *(y(5)+y(6))) - /((y(1)+y(2)) . ¥
*3)+y(4)) - *(y(B)+y(6)))1:
RO = (bita™2*pi*pibrave*la*lb*If+v¢
alpha™2*barpi*tildpi*lb*lh*If+alpha”2*picap*arrowpi*la*lh*I1F)_./(mf*2*1h*1a*1b);
function res= BVP_bc(ya,yb)
res= [ya(1)-10

ya(2)-600

va(3)-5

ya(4)-260

ya(5)-2

ya(6)-150

ya(7)-80000

ya(8)-12000

yb(9)-0

yb(10)-0

yb(11)-0

yb(12)-0

yb(13)-0

yb(14)-0

yb(15)-0

yb(16)-0 ];
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function controlulu?2

clc

solinit = bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 O O O«
D:

options = bvpset("Stats”,"on","RelTol",1le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta_4 row_1«
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf

w_1=0.1;

w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;

pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;

1b=20;

11=14950;

1h=317;

eta _1=0.2;eta 2=0.3; eta_3=0.1;eta 4=0.4;

sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;

y = sol.y;

ul=0;

u2=0;

u3=max(min((y(14,:)- y(13,:))-*eta_3.*alpha*picap-*y(8,:)-*y(5,:) - 7/(((y(5,:)+y(6,:)).*«
w_3))),1),0);

ud=max(min((y(16,:)- y(15,:))-*eta_4_*(bita.*pibrave.*y(7,:)-*y(2,:)-*(y(3,:))+ty(4,:)) .-*«
(v(5.:)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6, :))+alpha. ¢
*arrowpi . *y(7,:).*y(6,:).*y(3, )+y(4,:)) . *(Y(1,:)+y(2,))) . /(((Y(Q, D+Y(2,:)) . *(Y(3,:) «
+ty(4,:)).*(y(5,:)+y(6,:)).*(W_4))).1),0);

n = length(t);

J = 1*(row_1*y(2,:)"+ row_2*y(4,:)+ row_3*y(6,:)"+row_4*y(7,:)"+row_5*y(8,:)"+0.5* «
(w_1)*ul)*ul) "+(w_2)*(u2)*(u2) "+w_3*u3)*u3) "+w_4*(ud4)*u4)))./n

figure (10)

plot(t,y(1,:));

hold on;

figure (11)

plot(t,y(2,:));

hold on;

figure(12)

plot(t,y(3,:));

hold on;

figure(13)

plot(t,y(4,:));

hold on;

figure(14)

plot(t,y(5,:));

hold on;

figure(15)

plot(t,y(6,:));

hold on;

figure(16)
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plot(t,y(7,:));
hold on;

figure(17)
plot(t,y(8,:));
hold on;

figure(2)

o plot(t,ul);

o Figure(3d)

o plot(t,ul);

% hold on;

o Figure(4)
plot(t,u3,"r");
hold on;

% Figure(b)
plot(t,ud);

hold off;

tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit
x0=[10,600,5,260,2,150,80000,12000];
[t,x] = oded45("CLTWOF1,tspan,x0);
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(1l)
plot(t,x(:,2),"9");
hold on;

figure(12)
plot(t,x(:,3),"y");
hold on;

figure(13)
plot(t,x(:,4),"m");
hold on;

figure(14)
plot(t,x(:,5),"k");
hold on;

figure(15)
plot(t,x(:,6),"9");
hold on;

figure(16)
plot(t,x(:,7), r");
hold on;

figure(17)
plot(t,x(:,8),"9");
hold on;

° o

X

function dydt = BVP_ode(t,y)

global Ih bita pi mh picap 1la Ib If ma mb mf alpha tildpi pibrave barpi arrowpi ¥
eta_ l eta 2 eta 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w 1 w2 w3wi4
w_1=0.1;

w_2=0.1;w_3=0.2;w_4=0.3;

1h=317;

bita=0.21;

pi=0.12;

mh=0.00004 ;%0 .0004,0.0712,0.4

1=14950;%1/14,12

picap =0.05;%0 .25,0.01
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mf=0.189;%0.71420,.071428,1,0.0789,0.289

1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta 1=0.2;eta 2=0.3; eta 3=0.1;eta 4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row 4=0.02;row_5=0.04;

ul=0;

u2=0;

u3=max(min((y(14, :)- y(13,:))-*eta_3.*alpha.*picap-*y(8,:)-*y(5,:) - /(((y(5, :)+y(6,:))-*v¢
W_3))),1),0);

ud=max(min((y(16, :)- y(15,:)).-*eta_4.*(bita.*pibrave.*y(7,:).-*y(2,:)-*(y(@3,:)+y(4,:)).*¢
v (5.:)+y(6,:))+ alpha.*barpi*y(7,:).*y(4,:) - *(y(1,:)+y(2,:)) - *(y(5,:)+y(6,:))+alpha. «

*arrowpi.*y(7,:)-*y(6,:).*(y(3,:)+y(4,:)) . *(y(1, :)+y(2,:))) - /(((y(1,:)+y(2,:)) - *(¥y(3,:) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);

dydt=[(1h.*(y(1)+y(2))-bita.*pi.*(1-eta_1.*ul).*y(8).-*y(1)- mh.*y(1).*(y(1)+y(2)))-/(y«
W+y(2));

(bita.*pi.*(1-eta_1.*ul).*y(8)-*y(1)- mh.*y(2).*(y(1)+y(2)))-/(y(D+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(3).*(y(3)+y ¥
@) -7¢yRH+y(B);

(alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(3)- ma.*y(4)-*(y(3)+y(4)))-/(y()+y(D);

(Ib.*(y(5)+y(6))-alpha.*picap.*(1l-eta_3.*u3).*y(8).*y(5)- mb.*y(5).-*(y(5)+y(6))). ¢
/¢y(3)+y(6)):

(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(6).-*(y(5)+y(6))).7/(y(5)+y(6));

AT >y D+y(2)) - * (Y +y (D)) - *(y(5)+y(6))-bita.*pibrave.*y(7) . *(1-eta_4.*u4) . *y ¥
@) - *(y3)+y(d)) -*(y(B)+y(6))-alpha.*barpi.*y(7).*(1-eta_4.*ud) . *y(4) . *(y(D+y(2)) . *(y ¢
(G)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*ud)*y(6) .*(y(1)+y(2)) - *(y(3)+y(4))- mf.*y(7). ¢
*Y(D+y(2)) - * () +y(4)) - *(y(3)+y(6)))/((y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*ud) .*y(2) - *(y(3)+ty(4)) - *(y(B)+y(6))+alpha.*barpi . ¢
*y(7).*(1-eta_4.*ud) . *y(4) - *(y(L)+y(2)) -*(y(5)+y(6))+alpha.*arrowpi.*y(7) .*(1l-eta_4.«¢
*ud) . *y(6) - *(y(D+y(2)) - *(y(3)+y(4))- mF.*y(8) - *(y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))) . ¢
/YDy (2)) - *(y()+y(4)) - *(y(5)+y(6)));

() .*(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(2)+ mh.*(y(L)+y(2))"2)-y(10) .*bita.*pi.*«
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave*(1-eta_4.*u4).*y(7).*y(2)+ y(16). ¢
*bita.*pibrave.*(1l-eta_4.*u4) . *y(7).*y(2))/(y(1L)+y(2))"2;

(-row_1.*(y(1)+y(2)"2)- y(9).*(bita.*pi.*(1-eta_1.*ul).*y(8).-*y(2))+ y(10).* ¢
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(D)+y(2))"2;

(y(11) .*(alpha.*tildpi . *(1-eta_2.*u2).*y(8)*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¢
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4) .*y«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y(4)) ./(y(3)+y(4))"2;

(-row_2.*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(3))+ y(12). ¢
*(alpha.*tildpi.*(1-eta_2.*u2) . *y(8).-*y(3)+ ma.*(y(3)+y(4))"2) + y(15).-*alpha.*barpi.*y«
(7)) .*(1-eta_4_*ud) . *y(3)- y(16).*alpha.-*barpi.*y(7).-*(1l-eta_4.-*ud).*y(3))-/(y(A)+y(4d)) ¢
/\2;

(y(13)-*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)+ mb.*(y(5)+y(6))"2)-y(14). ¢
*alpha.*picap.*(1-eta_3.*ul).*y(8)*y(6)-y(15).-*alpha.*arrowpi.*y(6) -*y(7).*(1l-eta_4. ¢
*u4)+y(16) -*alpha.*arrowpi . *y(6) . *y(7) . *(1-eta_4.*u4)) ./(y()+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(5))+ y(14).*«¢
(alpha.*picap-*(1-eta_3.*u3).*y(8) .*y(5)+ mb.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y¥
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(7). *(1-eta_4.*ud) .*y(5)- y(16).*alpha.*arrowpi.*y(7).*(1l-eta_4.*u4).*y(5))./(y(B)+y¥
®))"2;

C-row_4.*(y(D+y(2)) - *(yR)+y(4)) - *(y(5)+y(6))+y(15) .*bita.*pibrave.*(1-eta_4. ¢
*ud) . *y(2) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) - *alpha.>*barpi.*y(4) .*(1-eta_4.*u4) . *(y(1)+y ¥
(2))-*(y(®)+y(6))+ y(15)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2)) - *(y(3)+y(4)) ¢
+y(15) . *mF.*(y(D+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6))-y(16) - *bita.*pibrave.*(1l-eta_4.*u4) . ¥
*y(2) . *(y()+y () - *(y(5)+y(6))-y(16) -*alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y(2)) -* ¢
y(G)+y(6))- y(16)-*alpha.*arrowpi.*y(6).*(1l-eta_4.*ud) . *(y(1)+y(2))-*(y(3)+y(4))) -/((y ¥
D+y(2))-*(yB)+y(4)) - *(y(3)+y(6)));

C-row_5.*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(3)+y(6))+y(9) - *bita.*(1l-eta_l.*ul) .*pi.*y¥
QD - *yG)+y(@)) -*(y(B)+y(6))-y(10) .*bita.*(1-eta_1.*ul) .*pi.*y(1) . *(y(3)+y(4)) - *(y(5) ¢
+y(6)) +y(11).*alpha.*barpi.*y(3).-*(1-eta_2.*u2).*(y(1D+y(2))-*(y(B)+y(6))- y(12). ¥
*alpha.*barpi.*y(3).*(1l-eta_2.*u2) . *(y(1)+y(2)) - *(y(5)+y(6))+y(13) .*alpha.*picap.-*(1- ¥
eta_3.*u3).*y(5)-*(y(D+y(2)) - *(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3).*y(5).*(y ¥
D+y(2)) -* (YR +y(4))+y(16) .*mF.*(y(1)+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6))) - /((y()+y(2)) - ¢
*YR)+y(@)) - *(y(G)+y(6)))1;
function res= BVP_bc(ya,yb) 4
res= [ya(1)-10

ya(2)-600
va(3)-5
ya(4)-260
ya(5)-2
ya(6)-150
ya(7)-80000
ya(8)-12000
yb(9)-0
yb(10)-0
yb(11)-0
yb(12)-0
yb(13)-0
yb(14)-0
yb(15)-0
yb(16)-0 ];
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function controlulu2u3

clc

solinit = bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 O 0 O«
D:

options = bvpset("Stats”,"on","RelTol",le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta 4 row_1v
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf

w_1=0.1;

w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;

pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;

1b=20;

11=14950;

1h=317;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;

y = sol.y;

ul=0;

u2=0;

u3=0;

ud=max(min((y(16,:)- y(15,:)).*eta_4.*(bita.*pibrave.*y(7,:).*y(2,:)-*(y(@3,:)+y(4,:)).*«¢
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:)*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥«
*arrowpi . *y(7,:).*y(6,:) . *(¥(3, :)+y(4,:)) - * (Y1, D+Y(2, ) -/ ((Y(A, D+Y(2,)) - *(¥(3,:) ¢
+y(4,:))-*(y(5,:)+y(6,:)).*(W_4))).1),0);

n = length(t);

J = 1*(row_1*y(2,:)"+ row_2*y(4,:)+ row_3*y(6,:)"+row_4*y(7,:)"+row_5*y(8,:)"+0.5* «
(W_1D)*u)*ul) " +(w_2)*(u2)*(u2)+w_3*(u3)*(u3) "+w_4*(ud)*u4) ")) -/n
figure (10)

plot(t,y(1,:));

hold onj;

figure (11)

plot(t,y(2,:));

hold on;

figure(12)

plot(t,y(3,:));

hold on;

figure(13)

plot(t,y(4,:));

hold on;

figure(14)

plot(t,y(5,:));

hold on;

figure(15)

plot(t,y(6,:));

hold on;

figure(16)

plot(t,y(7,:));
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hold on;
figure(17)
plot(t,y(8,:));
hold on;
figure(2)

% plot(t,ul);
% Figure(3)
% plot(t,ul);
% hold on;

% Figure(4)
% plot(t,u2);
% hold on;

% Figure(b)
plot(t,ud);
hold off;
tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit

x0=[10,600,5,260,2,150,80000,12000];

[t,x] = oded45("CLTWOF1",tspan,x0)
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(11)
plot(t,x(:,2),"9");
hold on;

figure(12)
plot(t,x(:,3),"y");
hold on;

figure(13)
plot(t,x(:,4), m");
hold on;

figure(14)
plot(t,x(:,5), k");
hold on;

figure(15)
plot(t,x(:.6),"9");
hold on;

figure(16)
plot(t,x(:,7),"r");
hold on;

figure(17)
plot(t,x(:,8),°9");
hold on;

function dydt = BVP_ode(t,y)
global Ih bita pi mh picap la

Ib

IT ma mb mf alpha tildpi pibrave barpi arrowpi ¥

eta_ 1l eta 2 eta_ 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w1 w2 w3wi4

w_1=0.1;
w_2=0.1;w_3=0.2;w_4=0.3;
1h=317;

bita=0.21;

pi=0.12;

mh=0.00004; %0.004,0.0004,00312,0.0712

1=14950;%1/14,12
picap =0.05;%0 .25,0.01

mf=0.189;%0.71420,.071428,1,0.0789,0.289
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1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row_4=0.02;row_5=0.04;

ul=0;

u2=0;

u3=0;

ud=max(min((y(16,:)- y(15,:)).-*eta_4_*(bita.*pibrave.*y(7,:)-*y(2,:).-*(y(B,:)+ty(4,:))-*v¢
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥
*arrowpi . *y(7,:).*y(6,:)-*(y(3,:)+y(4,:)) - *(y(1,:)+y(2,:))) - /(((Y(1, )+y(2,:)) - * (Y@, ) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);
dydt=[(Ih.*(y(1)+y(2))-bita*pi.*(1-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y ¥
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2)))-/(y(1)+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(3).*(y(3)+y ¥
) -7¢yB3+y(4));

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4))).-/(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap.*(1l-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¢
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(6).*(y(5)+y(6))).7/(y(5)+y(6));

A Y D+y (D) -*(y(3)+y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*ud) .*y ¥
(2).*(y(3)+y(4)) . *(y(5)+y(6))-alpha.*barpi.*y(7) . *(1-eta_4.*ud) .*y(4) .*(y(1)+y(2)) - *(y ¢
(5)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*ud).*y(6).*(y(1)+y(2)) .*(y(3)+y(4))- mF.*y(7). ¥
*(Y(D+y(2)) - () +y(4)) - *(y(5)+y(6))) - /((y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*ud)*y(2) .- *(y(3)+y(4d)) - *(y(6)+y(6))+alpha.*barpi. ¥
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(D+y(2)) -*(y(5)ty(6))+alpha.*arrowpi.*y(7) .*(1l-eta_4. ¢
*u4) .7y (6) - *(Y(D+y(2)) - *(Y(3)+y(4))- mF.*y(8) . *(y(1+y(2)) - *(y(3)+y(4)) - *(y(5)ty(6))) . ¥
/(Y(D+Y(2)) -y +y(4)) -*(y(5)+y(6)));

(y(9) .*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh_.*(y(D)+y(2))"2)-y(10).*bita.*pi.*¢
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave.*(1l-eta_4.*ud).*y(7).*y(2)+ y(16). ¢
*bita.*pibrave.*(1l-eta_4.*u4) . *y(7).*y(2))/(y(1L)+y(2))"2;

(-row_1.*(y(D)+y(2)"2)- y(9)-*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* ¥
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh_.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) -*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(LD)+y(2))"2;

(y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8) .*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¥
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4))./(y(3)+y(4))"2;

(-row_2.*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(3))+ y(12).«¢
*(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)+ ma*(y(3)+y(4))"2) + y(15).*alpha.*barpi.*y ¢
(7). *(1-eta_4.*ud) .*y(3)- y(16).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y(3))./(y(3)+y(4)) ¢

(y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)+ mb.*(y(5)+y(6))"2)-y(14). ¥
*alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(6)-y(15) .-*alpha.*arrowpi.*y(6).*y(7).*(1-eta_4.«¢
*u4)+y(16) -*alpha.*arrowpi . *y(6) . *y(7) . *(1-eta_4.*u4)) ./(y()+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1l-eta_3.*u3).*y(8).*y(5))+ y(14).* ¢
(alpha.*picap-*(1-eta_3.*u3).*y(8) .-*y(5)+ mb_.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y«
(7)) .*(1-eta_4_*ud) .*y(5)- y(16).*alpha.-*arrowpi.*y(7).*(1-eta_4.*u4).*y(5))-/(y(B)+y«
(6))"2;

(-row_4_.*(y(D)+y(2)) - *(y(3)+y(4)) . *(y(5)+y(6))+y(15) .*bita.*pibrave.*(l-eta_4. ¢



12/7/16 2:51 PM C:\Users\Personal\Desktop\CONTROL\controlulu2u3.m 4 of 4

*ud) . *y(2) - *(YR)+y(d)) - *(y(B)+y(6))+y(15)*alpha.*barpi.*y(4) .*(1-eta_4.*u4) . *(y(L)+y ¢
(2)) - *(y(®G)+y(6))+ y(15)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2)) - *(y(3)+y(4)) ¢
+y(15) . *mF.*(y(D+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6))-y(16) - *bita.*pibrave.*(1l-eta_4.*u4) . ¥
*y(2) . *(Y()+y (D)) - *(y(5)+y(6))-y(16) -*alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y(2)) - * ¢
y(G)+y(6))- y(16)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2))-*(y()+y(#)).-/((y ¥
W+y(2)) -*(y(3)+y(4)) - *(y(5)+y(6)));
C-row_5.*(y(1)+y(2)) - * (YR +y(®))*(y(B)+y(6))+y(9) - *bita.*(1l-eta_l.*ul) . *pi.*y ¢
QD -*yG)+y(@)) -*(y(5)+y(6))-y(10) .*bita.*(1-eta_l1.*ul).*pi.-*y(1).*(y(3) v
+y(4)) - *(y(5)+y(6)) +y(11).*alpha.*barpi.*y(3)*(1-eta_2.*u2).*(y(D+y(2))-*(y(5) «
*F{EDA=*PEER) - *y(3) - *(1-eta_2.*u2) . *(y(D)+y(2)) - *(y(5)+y(6))+y(13) .*alpha.*picap.*(1-«¥
eta_3.7*u3).*y(5) - *(y(1)+y(2)) -*(y(3)+y(4))-y(14) - *alpha.*picap.*(1-eta_3.*u3).*y(5) - *(y ¥
D+y(2)) -*(YR)+y(4))+y(16) .*mF.*(y(1)+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6))) - /((y(D)+y(2)) - ¥
*YR)+y(@)) - *(y(G)+y(6)))1];
function res= BVP_bc(ya,yb) 4
res= [ya(1)-10

ya(2)-600
yva(3)-5
ya(4)-260
ya(5)-2
ya(6)-150
ya(7)-80000
ya(8)-12000
yb(9)-0
yb(10)-0
yb(11)-0
yb(12)-0
yb(13)-0
yb(14)-0
yb(15)-0
yb(16)-0 ];
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function controlulu3

clc

solinit = bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 O O O«
D:

options = bvpset("Stats”,"on","RelTol",1le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta_4 row_1«
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf

w_1=0.1;

w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;

pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;

1b=20;

11=14950;

1h=317;

eta _1=0.2;eta 2=0.3; eta_3=0.1;eta 4=0.4;

sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;

y = sol.y;

ul=0;

u3=0;

u2=max(min((y(12,:)- y(11,:)).*eta_2_*alpha.*tildpi.*y(8,:)-*y(3,:)-/(((y(3,:)+ty(4,:)) .«
*(W_2))).1),0);

ud=max(min((y(16,:)- y(15,:))-*eta_4_*(bita.*pibrave.*y(7,:)-*y(2,:)-*(y(3,:))+ty(4,:)) .-*«
(v(5.:)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6, :))+alpha. ¢
*arrowpi . *y(7,:).*y(6,:) . *(¥(3, :)+y(4,)) - * (Y1, D+Y(2, ) -/ (YA, D+Y(2,)) - *(¥(3, ) ¢
+ty(4,:)).*(y(5,:)+y(6,:)).*(W_4))).1),0);

n = length(t);

J = 1*(row_1*y(2,:)+ row_2*y(4,:)+ row_3*y(6,:)"+row_4*y(7,:)"+row_5*y(8,:)"+0.5* «
(W_D*uD)*ul)+w_2)*(u2)*(u2)+w_3*(u3)*(u3) "+w_4*(ud)*u4) ")) ./n

figure (10)

plot(t,y(1,:));

hold onj;

figure (11)

plot(t,y(2,:));

hold onj;

figure(12)

plot(t,y(3,:));

hold on;

figure(13)

plot(t,y(4,:));

hold on;

figure(14)

plot(t,y(5,:));

hold on;

figure(15)

plot(t,y(6,:));

hold on;

figure(16)
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plot(t,y(7,:));
hold on;
figure(17)
plot(t,y(8,:));
hold on;
figure(2)

o plot(t,ul);

o Figure(3)

o plot(t,ul);

% hold on;

o Figure(4)
plot(t,u2, "r°);
hold on;

% Figure(b)
plot(t,ud);
hold off;
tspan=[0 10];

© o =

X

% x0=[300,50,30,20,15,8,1500,500];% period orbit

x0=[10,600,5,260,2,150,80000,12000];

[t,x] = oded5("CLTWOF1",tspan,x0)
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(11)
plot(t,x(:,2),"9");
hold on;

Ffigure(12)
plot(t,x(:,3),"y");
hold on;

figure(13)
plot(t,x(:,4),"m");
hold on;

figure(14)
plot(t,x(:,5), k");
hold on;

figure(15)
plot(t,x(:,6),"9g");
hold on;

figure(16)
plot(t,x(:,7),"r");
hold on;

figure(17)
plot(t,x(:,8),"9");
hold on;

function dydt = BVP_ode(t,y)
global Ih bita pi mh picap la

Ib

IT ma mb mf alpha tildpi pibrave barpi arrowpi ¢

eta_ l eta 2 eta 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w 1 w2 w3wi4

w_1=0.1;
w_2=0.1;w_3=0.2;w_4=0.3;
1h=317;

bita=0.21;

pi=0.12;

mh=0.00004; %0.004,0.0004,00312,0.0712,0.4

1=14950;%1/14,12
picap =0.05;%0 .25,0.01
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mf=0.189;%0.71420,.071428,1,0.0789,0.289

1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta 1=0.2;eta 2=0.3; eta 3=0.1;eta 4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row 4=0.02;row_5=0.04;

ul=0;

u3=0;

u2=max(min((y(12,:)- y(11,:))-*eta_2_*alpha.*tildpi.*y(8,:)-*y(3,:)./(((y(3,)D)+ty(4,:)) .«
*(W_2))).1).,0);

ud=max(min((y(16,:)- y(15,:))*eta_4.*(bita.*pibrave.*y(7,:)-*y(2,:)-*(y(3,:)+ty(4,:)).* ¢
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥
*arrowpi . *y(7,:).*y(6,:)-*(y(3,:)+y(4,:)) - *(y(1,:)+y(2,:))) - /(((Y(1, )+y(2,:)) - * (Y@, ) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);
dydt=[(Ih.*(y(1)+y(2))-bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y¥«
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2)))-/(y(1)+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(3).*(y(3)+y ¥
) -7¢yB3+y(4));

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4)))./(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¢
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(6).*(y(5)+y(6)))./(y(5)+y(6));

A Y D+y (D) -*(y(3)+y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*ud) .*y ¥
(2).*(y(3)+y(4)) . *(y(5)+y(6))-alpha.*barpi.*y(7) .*(1-eta_4.*ud) .*y(4) .*(y(1)+y(2)) - *(y ¥
(5)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*u4).*y(6).*(y(1)+y(2)) - *(y(3)+y(4))- mFf.*y(7). ¢
*(Y(D+y(2)) -y +y(4)) -*(y(3)+y(6))) - /((y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*ud)*y(2) .- *(y(3)+y(4d)) - *(y(5)+y(6))+alpha.*barpi. ¥
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(D+y(2)) -*(y(5)ty(6))+alpha.*arrowpi.*y(7) .*(1-eta_4. ¥
*u4) .*y(6) - (Y(D+y(2)) - *(Y(3)+y(4))- mF.*y(8) . *(y(D+y(2) - *(Yy(3)+y(4)) -*(y(5)+y(6))) . «
/(y(D+Y(2)) -* (YR +y(4)) - *(y(5)+y(6)));

(y(9) . *(bita.*pi.*(1-eta_l1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2)-y(10).*bita.*pi.*«¥
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave.*(1l-eta_4.*ud).*y(7).*y(2)+ y(16). ¥
*bita.*pibrave.*(1l-eta_4.*u4) . *y(7).*y(2))/(y(1L)+y(2))"2;

(-row_1.*(y(D)+y(2)"2)- y(9)-*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* ¢
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh_.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(LD)+y(2))"2;

(y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8) .*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¢
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4))./(y(3)+y(4))"2;

(-row_2.*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi*(1-eta _2.*u2).*y(8).*y(3))+ y(12). v«
*(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)+ ma.*(y(3)+y(4))"2) + y(15).*alpha.*barpi.*yv«
(7). *(1-eta_4.*ud) .*y(3)- y(16).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y(3))./(y(3)+y(4)) ¥
/\2;

(y(13) .*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)+ mb.*(y(5)+y(6))"2)-y(14). ¢
*alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(6)-y(15) .-*alpha.*arrowpi.*y(6).*y(7).*(1-eta_4.«¢
*u4)+y(16) -*alpha.*arrowpi . *y(6) . *y(7) . *(1-eta_4.*u4)) ./(y()+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(l-eta_3.*u3).*y(8).*y(5))+ y(14).*«
(alpha.*picap-*(1-eta_3.*u3).*y(8) .*y(5)+ mb.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y«
(7)) -*(1l-eta_4.*ud) .*y(5)- y(16).*alpha.*arrowpi.*y(7).*(1l-eta_4.*u4)_.*y(5))./(y(5)+y¥
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©))"2;
C-row_4.*(y(D+y(2)) - *(yR)+y(@)*(y(5)+y(6))+y(15) - *bita.*pibrave.*(1-eta_4. ¢
*ud) . *y(2) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) - *alpha.*barpi.*y(4) .*(1-eta_4.*u4) . *(y(1)+y ¢
(2))-*(y(®)+y(6))+ y(15)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2)) - *(y(3)+y(4)) ¢
+y(15) .*mF.*(y(D+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6))-y(16) - *bita.*pibrave.*(1l-eta_4.*u4) . ¥
*y(2) . *(Y()+y (D)) - *(y(5)+y(6))-y(16) -*alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y(2)) -* ¢
y(G)+y(6))- y(16)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2))-*(y()+y(#)).-/((y«
D+y(2))-*(YB)+y(4)) - *(y(3)+y(6)));
C-row_5-*(y(1)+y(2)) - *(y(3)+y(d)) - *(y(®)+y(6))+y(9)*bita.*(l-eta_1.*ul) . *pi.*y ¥
QD - *yGB)+y(@)) -*(y(B)+y(6))-y(10) .*bita.*(1-eta_1.*ul) .*pi.*y(1) . *(Y(3)+y(4)) - *(y(5) ¢
+y(6)) +y(11).*alpha.*barpi.*y(3).-*(1-eta_2.*u2).*(y(1D+y(2))-*(y(B)+y(6))- y(12). ¢
*alpha.*barpi.*y(3).*(1l-eta_2.*u2) . *(y(1)+y(2)) - *(y(5)+y(6))+y(13) .*alpha.*picap-*(1-«
eta_3.7*u3).*y(5)-*(y(1+y(2)) -*(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3).*y(5) - *(y ¢
D+y(2)) -*(YR)+y(4))+y(16) .*mF.*(y(1)+y(2)) - *(Y(3)+y(4)) - *(y(3)+y(6))) - /((y(D)+y(2)) - ¢
*YR)+y(@)) - *(y(GH)+y(6)))1;
function res= BVP_bc(ya,yb) 4
res= [ya(1)-10

ya(2)-600
va(3)-5
ya(4)-260
ya(5)-2
ya(6)-150
ya(7)-80000
ya(8)-12000
yb(9)-0
yb(10)-0
yb(11)-0
yb(12)-0
yb(13)-0
yb(14)-0
yb(15)-0
yb(16)-0 ];
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function controlu2

clc

solinit = bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0O 0 0 O 0 O«
D:

options = bvpset("Stats”,"on","RelTol",le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta 4 row_1v
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf
w_1=0.1;

w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;

pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;

1b=20;

11=14950;

1h=317;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;
y = sol.y;
u2=0;

ul=max(min((y(10,:)- y(9,:))-*eta_l.*bita.*pi.*y(8,:).*y(1,:)./(((Y(1,:)+y(2,:)).*«
W_1))),1),0);

ud=max(min((y(14,:)- y(13,:))-*eta_3.*alpha*picap-*y(8,:)-*y(5,:) - 7/(((y(5,:)+y(6,:)).*«
_3))).1),0);

ud=max(min((y(16,:)- y(15,:)) -*eta_4_*(bita.*pibrave_*y(7,:)-*y(2,:)-*(y(@,:)+y(4,:)).-*¢
(5, :)+y(6,:))+ alpha.*barpi*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)*y(6,:))+alpha. «
*arrowpi.*y(7,:).*y(6,:).*(y(3,:)+y(4,:)) . *(y(1,:)+y(2,:))) - /(((y(1,)+y(2,:)) . *(y(B,:) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))).1),0);

n = length(t);

J = 1*(row_1*y(2,:)+ row_2*y(4,:)+ row_3*y(6,:)"+row_4*y(7,:)"+row_5*y(8,:)"+0.5* v
((w_D*D)*ul) "+(w_2)*(u2)*(u2)+w_3*(u3)*u3) "+w_4*(ud)*(u4)"))/n

figure (10)

plot(t,y(1,:));

hold on;

figure (11)

plot(t,y(2,:));

hold on;

figure(12)

plot(t,y(3,:));

hold on;

figure(13)

plot(t,y(4,:));

hold on;

figure(14)

plot(t,y(5,:));

hold on;

figure(15)

plot(t,y(6,:));

hold on;
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figure(16)
plot(t,y(7,:));
hold on;
figure(17)
plot(t,y(8,:));
hold on;
figure(2)

% plot(t,ul);

% Figure(3d)
plot(t,ul, °“r°);
hold on;

% Figure(4)
plot(t,u3,"g");
% Figure(b)
plot(t,ud);
hold off;
tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit

x0=[10,600,5,260,2,150,80000,12000];

[t,x] = oded5("CLTWOF1",tspan,x0)
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(11)
plot(t,x(:,2),"9");
hold on;

Ffigure(12)
plot(t,x(:,3),"y");
hold on;

figure(13)
plot(t,x(:,4),"m");
hold on;

figure(14)
plot(t,x(:,5), k");
hold on;

figure(15)
plot(t,x(:,6),"9g");
hold on;

figure(16)
plot(t,x(:,7),"r");
hold on;

figure(17)
plot(t,x(:,8),"9");
hold on;

function dydt = BVP_ode(t,y)
global Ih bita pi mh picap la

Ib

IT ma mb mf alpha tildpi pibrave barpi arrowpi ¢

eta_ l eta 2 eta 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w 1 w2 w3wi4

w_1=0.1;
w_2=0.1;w_3=0.2;w_4=0.3;
1h=317;

bita=0.21;

pi=0.12;

mh=0.00004; %0.004,0.0004,00312,0.0712,0.4

1=14950;%1/14,12
picap =0.05;%0 .25,0.01
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mf=0.189;%0.71420,.071428,1,0.0789,0.289

1a=73;

1b=20;

ma=0.19;

mb=0.25;

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row_4=0.02;row_5=0.04;

u2=0;

ul=max(min((y(10,:)- y(9,:))-*eta_l.*bita.*pi.*y(8,:).*y(1,:)-/(((Y(1,:)+y(2,:))-* ¥
_1))),1),0);

ud=max(min((y(14,:)- y(13,:))-*eta_3.*alpha.*picap.*y(8,:).*y(5,:)-/(((Y(5,:)+y(6,:)).* ¥
_3))),1),0);

ud=max(min((y(16,:)- y(15,:)).-*eta_4_*(bita.*pibrave.*y(7,:).-*y(2,:).*(y(3,:)ty(4,:)).-*«¢
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥
*arrowpi . *y(7,:)-*y(6,:)*(Y(3,:)+y(4,:)) - *(y(1, )+y(2,:))) - /(((y(1,)+y(2,:)) - *(Y(8,:) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);
dydt=[(Ih.*(y(1)+y(2))-bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y«
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2)))-/(y(1)+y(2));

(la.*(y(3)+y(4))-alpha*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(3).*(y(3)+y «
1)) -7¢yB3H+y(4)):

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4)))./(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¥
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(6).*(y(5)+y(6)))./(y(5)+y(6));

A *D+y (D) -*(y(3)+y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*ud) .*y ¥
@) - *(y)+y(D)) -*(y(5)+y(6))-alpha.*barpi.*y(7) .*(1-eta_4.*u4) .*y(4) - *(y(D+y(2)) -*(y ¢
(5)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*u4) .*y(6) .*(y(1)+y(2)) - *(y(3)+y(4))- mf.*y(7). ¢
*(Y(D+y(2)) -y +y(4)) -*(y(3)+y(6))) - /((y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*u4) .*y(2).*(y(3)+y(4)) -*(y(5)+y(6))+alpha.*barpi. ¥
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(D+y(2)) -*(y(5)ty(6))+alpha.*arrowpi.*y(7) .*(1l-eta_4. ¢
*u4) .*y(6) - *(Y(D)+y(2)) - *(Y(3)+y(4))- mF.*y(8).*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))). ¢
/(y(D+Y(2)) -* (YR +y(4)) - *(y(5)+y(6)));

(y(9) . *(bita.*pi.*(1-eta_l1.*ul).*y(8)*y(2)+ mh.*(y(1)+y(2))"2)-y(10)-*bita.*pi.>* ¢
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave.*(1l-eta_4.*ud).*y(7).*y(2)+ y(16). ¢
*bita.*pibrave.*(1l-eta_4.*u4) . *y(7).*y(2))/(y(1L)+y(2))"2;

(-row_1.*(y(D+y(2)"2)- y(9)-*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* ¥
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(D)+y(2))"2;

(y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8) .*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¥
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4) .*y«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4))./(y(3)+y(4))"2;

(-row_2.*(y(3)+y(4)"2)- y(11)*(alpha.*tildpi.*(1-eta 2*u2).*y(8).*y(3))+ y(12). «
*(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)+ ma.*(y(3)+y(4))"2) + y(15).*alpha.*barpi.*yv¢
(7). *(1-eta_4.*ud) .*y(3)- y(16).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y(3))./(y(3)+y(4)) ¢
/\2;

(y(13) .*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)+ mb.*(y(5)+y(6))"2)-y(14). ¢
*alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(6)-y(15) .-*alpha.*arrowpi.*y(6).-*y(7).*(1-eta_4.«¢
*u4)+y(16) -*alpha.*arrowpi . *y(6) . *y(7) . *(1-eta_4.*u4)) ./(y()+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1l-eta_3.*u3).*y(8).-*y(5))+ y(14).*«
(alpha.*picap-*(1-eta_3.*u3).*y(8) .*y(5)+ mb.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y¥
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(7). *(1-eta_4.*ud) .*y(5)- y(16).*alpha.*arrowpi.*y(7).*(1l-eta_4.*u4).*y(5))./(y(B)+y¥
®))"2;

C-row_4.*(y(D+y(2)) - *(yR)+y(@))*(y(5)+y(6))+y(15) - *bita.*pibrave.*(1l-eta_4. «¢
*ud) . *y(2) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) - *alpha.>*barpi.*y(4) .*(1-eta_4.*u4) . *(y(1)+y ¥
(2))-*(y(B)+y(6))+ y(15)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2))-*(y(3) v
+y(4))+y(15) .*mF.*(y(D+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6)-y(16) . *bita.*pibrave.*(1- ¥
Y423 . @3 +y(4)) - *(y(5)+y(6))-y(16) - *alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y(2)) - * ¢
y(G)+y(6))- y(16)-*alpha.*arrowpi.*y(6).*(1l-eta_4.*ud) . *(y(1)+y(2))-*(y(3)+y(4))) -/((y ¥
D+y(2))-*(yB)+y(4)) - *(y(3)+y(6)));

C-row_5.*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(3)+y(6))+y(9) - *bita.*(1l-eta_l.*ul) .*pi.*y¥
QD - *yG)+y(@)) -*(y(B)+y(6))-y(10) .*bita.*(1-eta_1.*ul) .*pi.*y(1) . *(y(3)+y(4)) - *(y(5) ¢
+y(6)) +y(11).*alpha.*barpi.*y(3).-*(1-eta_2.*u2).*(y(1D+y(2))-*(y(B)+y(6))- y(12). ¥
*alpha.*barpi.*y(3).*(1l-eta_2.*u2) . *(y(1)+y(2)) - *(y(5)+y(6))+y(13) .*alpha.*picap.-*(1- ¥
eta_3.*u3).*y(5)-*(y(D+y(2)) - *(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3).*y(5).*(y ¥
D+y(2))* (Y (3)+y(4))+y(16) - *mF. *(y(1)+y(2)) - * (Y +y(4)) - *(Y(BI+y(6))) - /((y(D+y(2)) - ¢
*YR)+y(@)) - *(y(GH)+y(6)))1;
function res= BVP_bc(ya,yb) 4
res= [ya(1)-10

ya(2)-600
va(3)-5
ya(4)-260
ya(5)-2
ya(6)-150
ya(7)-80000
ya(8)-12000
yb(9)-0
yb(10)-0
yb(11)-0
yb(12)-0
yb(13)-0
yb(14)-0
yb(15)-0
yb(16)-0 ];
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function controlu2u3

clc

solinit = bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 O O O«
D:

options = bvpset("Stats”,"on","RelTol",1le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta_4 row_1«
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf

w_1=0.1;

w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;

pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;

alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;

1b=20;

11=14950;

1h=317;

eta _1=0.2;eta 2=0.3; eta_3=0.1;eta 4=0.4;

sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;

y = sol.y;

u2=0;

u3=0;

ul=max(min((y(10,:)- y(9,:))-*eta_1.*bita.*pi.-*y(8,:)-*y(1,:)./(((y(1,:)+y(2,:)).*«
w_1))),1),0);

ud=max(min((y(16,:)- y(15,:))-*eta_4_*(bita.*pibrave.*y(7,:)-*y(2,:)-*(y(3,:))+ty(4,:)) .-*«
(v(5.:)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6, :))+alpha. ¢
*arrowpi . *y(7,:).*y(6,:) . *(¥(3, :)+y(4,)) - * (Y1, D+Y(2, ) -/ (YA, D+Y(2,)) - *(¥(3, ) ¢
+ty(4,:)).*(y(5,:)+y(6,:)).*(W_4))).1),0);

n = length(t);

J = 1*(row_1*y(2,:)+ row_2*y(4,:)+ row_3*y(6,:)+row_4*y(7,:)+row_5*y(8,:)"+0.5* 4
(W_D)*uD)*ul)+w_2)*(u2)*(u2)+w_3*(u3)*(u3) "+w_4*(ud)*ud)))/n

figure (10)

plot(t,y(1,:));

hold onj;

figure (11)

plot(t,y(2,:));

hold onj;

figure(12)

plot(t,y(3,:));

hold on;

figure(13)

plot(t,y(4,:));

hold on;

figure(14)

plot(t,y(5,:));

hold on;

figure(15)

plot(t,y(6,:));

hold on;

figure(16)
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plot(t,y(7,:));
hold on;
figure(17)
plot(t,y(8,:));
hold on;
figure(2)
plot(t,ul, "r");
hold on;

% Figure(b5)
plot(t,u4d);
hold off;
tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit
x0=[10,600,5,260,2,150,80000,12000] ;
[t,x] = ode45("CLTWOF1",tspan,x0);

figure(10)

plot(t,x(:,1),"r

hold on;
figure(1l)

");

plot(t,x(:,2),9");

hold on;
figure(12)

plot(t,x(:,3),"y");

hold on;
figure(13)

plot(t,x(:,4),™m

hold on;
figure(14)

");

plot(t,x(z,5),"k");

hold on;
figure(15)

plot(t,x(:,6),79");

hold on;
figure(16)

plot(t,x(:,7),°r

hold on;
figure(17)

");

plot(t,x(:,8),"9");

hold on;

function dydt = BVP_ode(t,y)
global Ih bita pi mh picap 1la Ib If ma mb mf alpha tildpi pibrave barpi arrowpi ¥

eta_ l eta 2 eta 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w 1 w2 w3wi4

w_1=0.1;

w_2=0.1;w_3=0.2;w_4=0.3;

1h=317;
bita=0.21;
pi=0.12;

mh=0.00004; %0.004,0.0004,00312,0.0712,0.4
1=14950;%1/14,12
picap =0.05;%0 .25,0.01
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mf=0.189;%0.71420,.071428,1,0.0789,0.289

1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row_4=0.02;row_5=0.04;

u2=0;

u3=0;

ul=max(min((y(10,:)- y(9,:))-*eta_l.*bita.*pi.*y(8,:).*y(1,:)-/(((Y(1,:)+y(2,:))-*«
_1))),1),0);

ud=max(min((y(16,:)- y(15,:))-*eta_4_*(bita.*pibrave.*y(7,:).*y(2,:).-*(y(3,:)ty(4,:)).*«
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥
*arrowpi . *y(7,:)-*y(6,:)*(y(3,:)ty(4,:)) - *(y(1, )+y(2,:))) - /(((y(1, D+y(2,:)) - *(Y(8,:) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);
dydt=[(Ih.*(y(1)+y(2))-bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y¥«
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2)))-/(y(1)+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(3).*(y(3)+y ¥
) -7¢yB3+y(4));

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4)))./(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¥
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8)-*y(5)- mb.*y(6)*(y(5)+y(6)))-/(y(5)+y(6));

AF.*((D+y(2)) - *(y)+y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*u4) .*y ¥
(2).*(y(3)+y(4)) . *(y(5)+y(6))-alpha.*barpi.*y(7) .*(1-eta_4.*ud) .*y(4) .*(y(1)+y(2)) - *(y ¥
(5)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*u4).*y(6).*(y(1)+y(2)) - *(y(3)+y(4))- mFf.*y(7). ¢
*(Y(D+y(2)) -y +y(4)) -*(y(3)+y(6))) - /((y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*u4) .*y(2).*(y(3)+y(4)) -*(y(5)+y(6))+alpha.*barpi. ¥
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(D+y(2))*(y(5)+y(6))+alpha.*arrowpi.*y(7) .*(l-eta_4. «¢
*u4) .7y (6) - *(Y(D+y(2)) - *(Y(3)+y(4))- mF.*y(8) . *(y(D+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))) . ¢
/(y(D+Y(2)) -* (YR +y(4)) - *(y(5)+y(6)));

(y(9) . *(bita.*pi.*(1-eta_l1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2)-y(10).*bita.*pi.*«¥
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave.*(1l-eta_4.*ud).*y(7).*y(2)+ y(16). ¥
*bita.*pibrave.*(1l-eta_4.*u4) . *y(7).*y(2))/(y(1L)+y(2))"2;

(-row_1.*(y(D+y(2)"2)- y(9)*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* «
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(LD)+y(2))"2;

(y(11).*(alpha.*tildpi.*(1-eta_2.*u2).*y(8) .*y(4)+ ma.*(y(3)+y(4))"2)-y(12). ¢
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4))./(y(3)+y(4))"2;

(-row_2.*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(3))+ y(12). v
*(alpha.*tildpi.*(1-eta_2.*u2)*y(8) .*y(3)+ ma.*(y(3)+y(4))"2) + y(15).*alpha.*barpi.*y v«
(7). *(1-eta_4.*ud) .*y(3)- y(16).*alpha.*barpi.*y(7).*(1-eta_4.*u4).*y(3))./(y(3)+y(4)) ¥
/\2;

(y(13) .*(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(6)+ mb.*(y(5)+y(6))"2)-y(14). ¢
*alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(6)-y(15) .-*alpha.*arrowpi.*y(6).*y(7).*(1-eta_4.«¢
*u4)+y(16) -*alpha.*arrowpi . *y(6) . *y(7) . *(1-eta_4.*u4)) ./(y()+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1l-eta_3.*u3).*y(8).*y(5))+ y(14).*«
(alpha.*picap-*(1-eta_3.*u3).*y(8) .*y(5)+ mb.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*w
(7)) -*(1l-eta_4.*ud) .*y(5)- y(16)*alpha.*arrowpi.*y(7).*(1-eta_4.*ud) .*y(5)).-/(y(B)+y ¥
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©))"2;

C-row_4.*(y(D+y(2)) - *(yR)+y(D)*(y(5)+y(6))+y(15) . *bita.*pibrave.*(l-eta_4. «
*ud) . *y(2) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) - *alpha.*barpi.*y(4) .*(1-eta_4.*u4) . *(y(1)+y ¢
(2))-*(y(®)+y(6))+ y(15)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2)) - *(y(3)+y(4)) ¢
+y(15) .*mF.*(y(D+y(2)) - *(Y(3)+y(4)) - *(y(5)+y(6))-y(16) - *bita.*pibrave.*(1l-eta_4.*u4) . ¥
*y(2) . *(Y()+y (D)) - *(y(5)+y(6))-y(16) -*alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y(2)) -* ¢
y(G)+y(6))- y(16)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2))-*(y()+y(#))-/((y«
D+y(2))-*YBH+y(@))*(y(5)+y(6)));

C-row_5.*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(3)+y(6))+y(9) -*bita.*(1l-eta_l.*ul) .*pi.*y¥
QD - *yB)+y(d)) -*(y(5)+y(6))-y(10) .*bita.*(1-eta_1.*ul) .*pi.-*y(1).*(y(3) 3
+y(4)) - *(y(5)+y(6)) +y(11).*alpha.*barpi.*y(3).*(1l-eta_2.*u2)*(y(1+y(2))-*(y(5) «
*F{EDA=-*PEER) - *y(3) - *(1-eta_2.*u2) .*(y(D)+y(2)) - *(y(5)+y(6))+y(13) .*alpha.*picap.*(1-¥
eta_3.7*u3).*y(5)-*(y(1+y(2)) -*(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3).*y(5) - *(y ¢
D+y(2)) -*(YR)+y(A))+y(16)*mF. *(y(1)+y(2)) - * (YR +y(@))*(y(B)+y(6))) - /((y(D)+y(2)). ¢
*YR)+y(@)) - *(y(GH)+y(6)))1;
function res= BVP_bc(ya,yb) 4
res= [ya(1)-10

ya(2)-600
va(3)-5
ya(4)-260
ya(5)-2
ya(6)-150
ya(7)-80000
ya(8)-12000
yb(9)-0
yb(10)-0
yb(11)-0
yb(12)-0
yb(13)-0
yb(14)-0
yb(15)-0
yb(16)-0 ];
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function controlu3

clc
solinit
D:

options

bvpinit(linspace(0,10,100),[10 600 5 260 2 160 80000 13000 0 0 0 0 0 0 0 O«

bvpset(“Stats”,"on","RelTol",1le-1);

global bita pi picap alpha tildpi pibrave barpi arrowpi eta 1 eta 2 eta 3 eta 4 row_1v
row 2 row 3 row 4 row 5wilw2w3w4dlalbIlhIf

w_1=0.1;
w_2=0.1;

w_3=0.2;w_4=0.3;

bita=0.21;
pi=0.12;

picap =0.05;%0.25,0.01

tildpi=0.12;
alpha=0.16;

pibrave=0.11;

barpi=0.07;

arrowpi=0.04;

1a=73;
1b=20;
1¥=14950;
1h=317;

eta_1=0.2;eta_2=0.3; eta_3=0.1;eta_4=0.4;
sol = bvp4c(@BVP_ode, @BVP_bc, solinit, options);

t = sol.x;
y = sol.y;
u3=0;

ul=max(min((y(10

(W_1))),1),0);

u2=max(min((y(12

*(W_2))),1),0);
ud=max(min((y(16

»1)- y(9,:))-*eta_1.*bita*pi.*y(8,:).*y(1,:)./(((y(1,:)+y(2,:)).* ¥
,2)- y(11,:)) -*eta_2.*alpha.*tildpi-*y(8,:)-*y(3,:) - /(((y(@@,:))+y(4,:)) .«

»-)- y(15,:)) -*eta_4.*(bita.*pibrave.*y(7,:).-*y(2,:)-*(y(3,:)+ty(4,:)).*«

(y(5,:)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:)-*(y(1,:)+y(2,:))-*(y(5.:)+y(6,:))+alpha. ¢
*arrowpi.*y(7,:)-*y(6,:).*(y(3,:)+y(4,:))*(y(1,:)+y(2,:))) - /(((y(1,:)+y(2,:)) - *(¥y(3,:) ¥
+y(4,:))-*(y(5,)+y(6,:))-*(W_4))),1),0);

n = length(t);
J = 1*(row_1*y(2,:)+ row_2*y(4,:)+ row_3*y(6,:)"+row_4*y(7,:)+row_5*y(8,:)+0.5* "4
((w_D*D)*ul) "+(w_2)*(u2)*(u2)+w_3*(u3)*u3) "+w_4*(ud)*(u4)))./n

figure (10)

plot(t,y(1,:));

hold on;
figure (11)

plot(t,y(2,:));

hold on;
figure(12)

plot(t,y(3,:));

hold on;
figure(13)
plot(t,y(4,
hold on;
figure(14)
plot(t,y(5,
hold on;
figure(15)

plot(t,y(6,:));

hold on;

)

)
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figure(16)
plot(t,y(7,:));
hold on;
figure(17)
plot(t,y(8,:));
hold on;
figure(2)

% plot(t,ul);

% Figure(3d)
plot(t,ul, °“r°);
hold on;

% Figure(4)
plot(t,u2, "g");
% Figure(b)
plot(t,ud);

hold off;
tspan=[0 10];

% x0=[300,50,30,20,15,8,1500,500];% period orbit

x0=[10,600,5,260,2,150,80000,12000];

[t,x] = oded5("CLTWOF1",tspan,x0)
figure(10)
plot(t,x(:,1),"r");
hold on;

figure(11)
plot(t,x(:,2),"9");
hold on;

Ffigure(12)
plot(t,x(:,3),"y");
hold on;

figure(13)
plot(t,x(:,4),"m");
hold on;

figure(14)
plot(t,x(:,5), k");
hold on;

figure(15)
plot(t,x(:,6),"9g");
hold on;

figure(16)
plot(t,x(:,7),"r");
hold on;

figure(17)
plot(t,x(:,8),"9");
hold on;

function dydt = BVP_ode(t,y)
global Ih bita pi mh picap la

Ib

IT ma mb mf alpha tildpi pibrave barpi arrowpi ¢

eta_ l eta 2 eta 3 eta 4 row_ 1 row_ 2 row_ 3 row 4 row 5 w 1 w2 w3wi4

w_1=0.1;
w_2=0.1;w_3=0.2;w_4=0.3;
1h=317;

bita=0.21;

pi=0.12;

mh=0.00004; %0.004,0.0004,00312,0.0712,0.4,0.001

1=14950;%1/14,12
picap =0.05;%0 .25,0.01
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mf=0.189;%0.71420, .071428,1,0.0789,0.189,0.289

1a=73;

1b=20;
ma=0.19;
mb=0.25;
tildpi=0.12;
alpha=0.16;
pibrave=0.11;
barpi=0.07;

arrowpi=0.04;

eta 1=0.2;eta 2=0.3; eta 3=0.1;eta 4=0.4;

row_1=0.05; row_2=0.08; row_3=0.03; row _4=0.02;row_5=0.04;

u3=0;

ul=max(min((y(10,:)- y(9,:))*eta_1.*bita.*pi-*y(8,:)-*y(1,:)-/(((y(1,:)ty(2,:)).-* «
W_1))).1),0);

u2=max(min((y(12,:)- y(11,:))*eta_2_*alpha.*tildpi.-*y(8,:)-*y(3,:)-/(((¥y(@,:)+ty(4,:)). ¢
*(W_2))).1),0);

ud=max(min((y(16,:)- y(15,:)).-*eta_4_*(bita.*pibrave.*y(7,:).-*y(2,:).*(y(3,:)ty(4,:)) .-«
(5, :)+y(6,:))+ alpha.*barpi.*y(7,:).*y(4,:).*(y(1,:)+y(2,:))-*(y(5,:)+y(6,:))+alpha. ¥
*arrowpi . *y(7,:).*y(6,:)-*(y(3,:)+y(4,:)) - *(y(1,:)+y(2,:))) - /(((Y(1, )+y(2,:)) - * (Y@, ) ¥
+y(4,:))-*(y(5,:)+y(6,:))-*(W_4))),1),0);
dydt=[(Ih.*(y(1)+y(2))-bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(1).*(y(1)+y(2)))./(y«
D+y(2));

(bita.*pi.*(1l-eta_1.*ul).*y(8).*y(1)- mh.*y(2).*(y(1)+y(2))./(y(1)+y(2));

(la.*(y(3)+y(4))-alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(3).*(y(3)+y ¥
1)) -7¢y3+y(4)):

(alpha.*tildpi.*(1-eta_2.*u2).*y(8).*y(3)- ma.*y(4).*(y(3)+y(4)))./(y(3)+y(4));

(Ib.*(y(5)+y(6))-alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(5).*(y(5)+y(6))). ¥
/(y(5)+y(6));

(alpha.*picap.*(1-eta_3.*u3).*y(8).*y(5)- mb.*y(6).*(y(5)+y(6)))./(y(5)+y(6));

AF.*((D+y(2)) - () +y(4)) -*(y(5)+y(6))-bita.*pibrave.*y(7) .*(1-eta_4.*u4) .*y ¥
@) -*(yR)+y(4)) -*(y(5)+y(6))-alpha.*barpi.*y(7) .*(1-eta_4.*ud) .*y(4) - *(y(1)+y(2)) - *(y ¢
(B)+y(6))-alpha.*arrowpi.*y(7)*(1-eta_4.*u4).*y(6) .*(y(1)+y(2)) - *(y(3)+y(4))- mf.*y(7). ¢
*(Y(D+y(2)) -y +y(4)) - *(y(B)+y(6))) - /((y(D+y(2D))*(y(3)+y(4)) - *(y(5)+y(6)));

(bita.*pibrave.*y(7).*(1-eta_4.*u4) .*y(2).*(y(3)+y(4)) -*(y(5)+y(6))+alpha.*barpi. ¥
*y(7).*(1-eta_4.*ud) .*y(4) .*(y(D+y(2)) -*(y(5)ty(6))+alpha.*arrowpi.*y(7) .*(1l-eta_4. ¢
*u4) .*y(6) - *(Y(D)+y(2)) - *(Y(3)+y(4))- mF.*y(8).*(y(1)+y(2)) - *(y(3)+y(4)) - *(y(5)+y(6))). ¢
/(y(D+Y(2)) -* (YR +y(4)) - *(y(5)+y(6)));

(y(9) .*(bita.*pi.*(1-eta_l1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2)-y(10)-*bita.*pi.* ¢
(1-eta_1.*ul).*y(8).-*y(2)- y(15).*bita.*pibrave*(1-eta_4.*u4).*y(7).*y(2)+ y(16). ¢
*bita.*pibrave.*(1l-eta_4.*u4) . *y(7).*y(2))/(y(1L)+y(2))"2;

(-row_1.*(y(D+y(2)"2)- y(9)-*(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2))+ y(10).* ¥
(bita.*pi.*(1-eta_1.*ul).*y(8).*y(2)+ mh.*(y(1)+y(2))"2) +y(15).*bita.*pibrave.*y(7).*y«
(1) .-*(1-eta_4.*ud)- y(16).*bita.*pibrave.*y(7).*y(1).*(1-eta_4.*ud))./(y(D)+y(2))"2;

(y(11) .*(alpha*tildpi.*(1-eta_2.*u2).*y(8)*y(4)+ ma.*(y(3)+y(4))"2)-y(12). «
*alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(4)- y(15).*alpha.*barpi.*y(7).*(1-eta_4.*u4) .*y«
(4)+ y(16).*alpha.*barpi.*y(7).*(1-eta_4.*ud).*y(4))./(y(3)+y(4))"2;

(-row_2.*(y(3)+y(4)"2)- y(11).*(alpha.*tildpi.*(1l-eta_2.*u2).*y(8).*y(3))+ y(12). ¢
*(alpha.*tildpi.*(1-eta_2.*u2) . *y(8).-*y(3)+ ma.*(y(3)+y(4))"2) + y(15).-*alpha.*barpi.*y«
(7)) .*(1-eta_4_*ud) . *y(3)- y(16).*alpha.-*barpi.*y(7).-*(1l-eta_4.-*ud).*y(3))-/(y(A)+y(4d)) ¢
/\2;

(y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8)*y(6)+ mb.*(y(5)+y(6))"2)-y(14). «
*alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(6)-y(15) .-*alpha.*arrowpi.*y(6).-*y(7).*(1-eta_4.«¢
*u4)+y(16) -*alpha.*arrowpi . *y(6) . *y(7) . *(1-eta_4.*u4)) ./(y()+y(6))"2;

(-row_3.*(y(5)+y(6))"2- y(13).*(alpha.*picap.*(1-eta_3.*u3).*y(8).-*y(5))+ y(14).*«¢
(alpha.*picap-*(1-eta_3.*u3).*y(8) .*y(5)+ mb.*(y(5)+y(6))"2) + y(15).*alpha.*arrowpi.*y¥
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(7). *(1-eta_4.*ud) .*y(5)- y(16).*alpha.*arrowpi.*y(7).*(1l-eta_4.*u4).*y(5))./(y(B)+y¥
®))"2;

C-row_4.*(y(D+y(2)) - *(yR)+y(4)) - *(y(5)+y(6))+y(15) .*bita.*pibrave.*(1-eta_4. ¢
*ud) . *y(2) - *(y(3)+y(4)) - *(y(5)+y(6))+y(15) - *alpha.>*barpi.*y(4) .*(1-eta_4.*u4) . *(y(1)+y ¥
(2))-*(y(B)+y(6))+ y(15)-*alpha.*arrowpi.*y(6).*(1-eta_4.*u4).*(y(1)+y(2))-*(y(3) v
+y(4))+y(15) .*mF.*(y(D+y(2))*(y(3)+y(4)) - *(y(5)+y(6))-y(16) . *bita.*pibrave.*(1- ¥
Y423 . @3 +y(4)) - *(y(5)+y(6))-y(16) - *alpha.*barpi.*y(4) . *(1-eta_4.*ud) . *(y(1)+y(2)) - * ¢
y(G)+y(6))- y(16)-*alpha.*arrowpi.*y(6).*(1l-eta_4.*ud) . *(y(1)+y(2))-*(y(3)+y(4))) -/((y ¥
D+y(2))-*(yB)+y(4)) - *(y(3)+y(6)));

C-row_5.*(y(1)+y(2)) - *(y(3)+y(D))*(y(5)+y(6))+y(9) . *bita.*(l-eta_1.*ul) . *pi.*y ¢
QD - *yG)+y(@)) -*(y(B)+y(6))-y(10) .*bita*(1l-eta_1.*ul) - *pi.*y(1) .- *(y(3)+y(4)) -*(y(5) «
+y(6)) +y(11).*alpha.*barpi.*y(3).-*(1-eta_2.*u2).*(y(1D+y(2))-*(y(5)+y(6))- y(12). ¥
*alpha.*barpi.*y(3).*(1l-eta_2.*u2) . *(y(1)+y(2)) - *(y(5)+y(6))+y(13) .*alpha.*picap.-*(1- ¥
eta_3.*u3).*y(5)-*(y(D+y(2)) - *(y(3)+y(4))-y(14) . *alpha.*picap.*(1-eta_3.*u3).*y(5).*(y ¥
D+y(2)) -* (YR +y(4))+y(16) .*mF.*(y(1)+y(2))* (Y +y(4)) - *(y(BI+y(6))) - /((y(D+y(2)) - ¢
*YR)+y(@)) - *(y(GH)+y(6)))1;
function res= BVP_bc(ya,yb) 4
res= [ya(1)-10

ya(2)-600
va(3)-5
ya(4)-260
ya(5)-2
ya(6)-150
ya(7)-80000
ya(8)-12000
yb(9)-0
yb(10)-0
yb(11)-0
yb(12)-0
yb(13)-0
yb(14)-0
yb(15)-0
yb(16)-0 ];
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