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LAMPIRAN 1

CZ’[(H*( g+ 1)u+a1q+s) [ i +( wf\‘}chr((pfl r{l*p+l)ﬁ)p+( ufc+((pfl)srlfp+l)ﬁ)m+\51ﬁ{pfl)(ixlfl)j(*LI*er(sbfl)%)n(h

+y]])/[[p +((mg+ 200 (zuy+ 1Yoyt oyg+ s 5+ ot ) }13+[ (= 1) ((- q+1)m+alq+e+5+c+y1)rx2+(—q+1)m2+((—q+2)y]+(a1—5—c)q+e
+25+20)w+(a1q+5+e)y1+[u+c)(alq+e))u +[ (1~ ((u+c+y}) —1)u+( 1q+5+e—53)y1+(5+c)(alq+e))a.l—(5+q+yI](q—LJul
+(((a175)q+s+25)y]+(5+G)(ﬂ1q+s))m+(f u q us)y]ju+ (q—L 5)m+(51+5375)(alq+5))(u271)0:2+(7E(qfl)m7ql(5175)q
+5£)u)yfj(° +p+w)s(nl-1)(p-1))

==[(-n= ot (= 1)) 5N (-i 4 (mo= 3= o+ (= 1w = o= 1)B)u+ (5= o+ ([p= U —p+ 1)) o+ 5,5 (p— 1) (1= 1)) (a+ yj))/[[uh((-q”)m

+ (- ttl+l)o‘1+qa +e+3+0+ y])u +[ (ul—1)((—q+L)m+qal+s+5+c+y])o‘l+(—q+l)m1+((—q+2)yi+( - 5= c)q+s+25+2c)m+(qﬂl+ﬁ
+E)}U'+(u+0) qoy +E))p + [—(:12—1)(—(G+c+ rJ](q—lJm+(qa +5+z—53)yj+(&+c)(qal+s))a1—(u+c+ H)lg-1Nw +( (o 5)q+z+2&)y]+(5
+0) g0y + &) o+ (- al(ul—ﬁ)q+55)r]jp+((1;1—1)(—(4 1 (3 —u)u+(sl+aa—5)(qal+g))a]+(-a(q—1;m—al(ul—u)qﬂs)m)r;)(yl—1)(;;-1)(514”.

<o)
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=
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— (L) ((y g+t e—s)y1+(5+c) (o9 + e))a.lJr(—ul(al—a)qu es) y}jp+ [—S(Q— 1)m2+(—(q—1) (53—5)(:5—1)%—u1(51—5)q+ ei)m+a,l(51+53
=9) (oyat e (o= 1)) ) (b= 1B (1= 1))

-11:—[(—;l—m+(ltz—l)al)(u+(—q+l)m+ oy g+ E)[—ul-#(—m-#((p—L)ul—p+I)B—E—c)u-#(((p—L)lzl—p+L)ﬁ—E—c)m+5 B[p—l)(rzl—L))a (n

+y1)ux)/[(al+u+m)[ﬁ+((—g+z)m+ y]+alq+g+(—yl+1)a]+5+o)p3+[( g+1)u2+((g—n(nl—1)u2+( g+2) 7+ (o= 5—c)g+et25+20)w
—(ulq+5+ y}'+cj+e)(ﬂl*l)a'.l+(alq+5+e)yl+(S+G)(alq+e))ul+[ (0+c+¢)(g— 1w +( S+o+¢)(g—1) (ulfL)al+((a175)q+&'+25)yj+(5
+c)(alq+s))m—(u1—l)((alq+6+e—ﬁ)y1+(6+c)(alq+s))n‘)+(— (u—u)q+eu)y]);l+[ Slg— LJml-%-(—(g—LJ(Ss—G)(ul—1)q2—m1(61—5)q+95)m
+%(514»5375)((11:]«#2)(?4271)] )(p«#u)(pfl)ﬁ(ylfl)J

,([7}124»(*(1]4“(([)*1)1117P+1)ﬁ75*6)}l+((p*1)(1{1 )ﬂfﬁfs)erS Bp—1)(u ](((5 +5) [.';71](33
o (3,3.) () ) (s ota- o ()4 o ) (e - )1y (-
+((q7l]mfo’.qusfafﬁfﬂ}}-l2+([5+5+‘)/1)(q7l)(D+(*0!.1(]7E}G*a1(5+}4)q+ﬂ53+(*57}’I]S*S)’I)}l+yl(
~la=1) (3, = 8) @+ (8,48, — 8) (g +e)) ) (my— 1) o, + (W + ((-a+ Do+aagtetdtot ) +(-(5+0+7)(a— Do

+(ogte)oto (54 u)gt (3+p)etdp)pty(-d(a— ])mfocl(ﬁlf5)q+e§)][p+m))(ﬁz+p+m)]

53



LAMPIRAN 2

> restarvt:

> with(linalg) - with( plots) : with( DEtools)

> with( plots) - with{linalg) - with( VectorCalcidus) -
> Hu=00107; y=0010=017,g=096; o = 0.1164; 0, = 0.40; w = 0.025; & == 0.169055;p == 0.7;[f == 0.99; = 0y =0 51 = (.1259; 52 = 0.04; 53 = 0.13206; N = 1500000;

(1—p) (l*tll) Bslc+u)
N

> Pl=uN+yr—pus—
PJ == 16050.0000 + 0.01 r — 0.0107 s — 1.980000000 x 10_1'5(( + u)
(lfp) (17!(1) Bsic+un)

> P2i= v — [G+ 1+ 029796) ¢

P2 = 1980000000 x 107}5((+ u) — 047866 ¢

> P3=dic—(stgoyt(l-glotu)p
P3:=01259c— 0292499p

> Pdi=Sic+ep— ((1—15')-0‘2+ c:+u)-v
P4 = 0.13206c+ 0.169035 p— 04357 v

> P5i= 524:7 [w+u] "

P5:=004c—00357Tu
> Po=qoyp+ (1= m) oyt ae— (w+7l) 7
PSi= 0111744 p+ 0.40v + 0.17 ¢ — 0.0207

> fixpoint = solve( {PI, P2, P3 P4 P5 P6}, {s.c.p v, 1))
Sovpoint = {e=0,p=0,r=0, 5= 1500000 x 105, u=0,v=0.}, {c= 13634.56854, p= 5868.711273, r=267514.9244, r = 1140077259 x 10°, 1= 15276 82745, v= 6409.722527}

> fixl = fixpoint[1];
el = {e=0_p=0.r=0.5=1500000 x 10% w=0_v=0.}

[> Jb = Jacobian( [Pl P2, P3, P4 P5. P6], [sc.pvur]);

~0.0107 — 1980000000 x 107 ¢ — 1980000000 % 107 & 1980000000 % 107 s 0 0 -1980000000% 107 s 001
1.980000000 1077 ¢ + 1980000000 x 10~ « 1.980000000 x 10~ s — 0.47866 0 0 1980000000% 10775 0
e o 0.1259 —0202499 0 0 0
0 0.13206 0.169055  —0.4357 0 0
0 0.04 0 0 —0.0357 0
0 0.17 0111744 040 0 —0.0207

[> jacl = subs( fixl, evalm(j)); eigervalues( jacl);

—0.0107 —0.2970000000 ] ] — 02970000000 0.01
0 —0.1816600000 ] ] 02970000000 ]
0 0.125% —0.292499 ] o ]
Jacl =
0 0.13206 0.169055 —0.4357 o ]
0 0.04 ] ] —0.0357 ]
0 0.17 0111744 0.40 o —0.0207

—0.0107000000000000, —0.0207000000000000, — 0.435700000000000, —0.292499000000000, 0.0224919497453628, —0.239851949745363

> fix2 = fopoint[2]:
SixZ = {(‘: 13634.56854, p=5868.711273, r=267514.9244, 5= 1.14007725% x 106, u=15276.82749, v= 6409.722527}

> Jac2 = subs( fix2, evalmi jb) ): eigenvalues( joc2);

—0.01642445641 —0.2257352973 0 0 —0.2257352973 0.01
0.003724456414 —0.2529247027 0 0 02257352973 0
0 0.1259 —0.29245% 0 0 0
Jac2 =
0 0.13206 0.169055 —0.4357 0 0
0 0.04 0 0 —0.0357 0
0 0.17 0.111744 040 0 —0.0207

—0.280498088858082, —0.296648461526965, —0.0142394395454546 + 0.0113864024868994 1 —0.0142394393434546 — 0.0113864024868994 L —0.0126361209787324, —0.435686608653310
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980000000 x 107 5(¢) (e(r) + ulr))

1)+ ult)) — 05476 ¢l 1)

292499 p(1)

0357 u(r)

[ 1—p)(1—u) B
> Tlw= is(!) =pu N+ yrfe) — ps(r) — ( °) ( ”1) Pt (<0 * ()
dr N
Ti:= % s(t) = 16050.0000 + 0.01 7(r) — 0.0107 s(r) — 1
[ 1—p) (1 1) (elt) + ulr
> = L= (17p) (17 ) Potr) (el + i) _ (G + p+ 0.3669) (1)
dr N
T2:= <= clr) = 1.980000000 x 1077 5(1) (e
> T3= %_p(f)=ﬂl elt) — (e+qal+ (1—g)w+ }l)p(;‘)
T3 = Ep[r] =0.1259¢(f) — 0
> T4d= %v(f] =0y-clt) + eplt) — ((1 i) oyt et p)-v(f]
T im - V(1) =0.13206 (1) + 0169055 p(1) — 04357 (1)
> T5= %:{(I) =52 o(f) — (w+ p) ul)
Ts= S uin)=004c() - 0
> T6:= %r(f) =q o, p(1) + (1— r@) oy v(f) + goelf) — (n+ )8
76 = % #(7) =0.111744 p(f) + 0.40v(F) + 0.17 c(#) — 0.0207 r(#)

v

scene= [1, 5(t) ], stepsize=0.001):

v

scene= (1, c(t)]. stepsize=0.001);

\%

scene = (1, plr)], stepsize=0.001);

\%

scene = (1, v(r) ], stepsize=0.001);

\%

scene= (1, ult)], stepsize=0.001);

\%

scene= (1, 7(t) ], stepsize=0.001);

#DEplot([T1, T2 T3, T4, T3, T6), [sl1). cl1), pl1). ¥{t), ule), (1) .1 =0 ..
#DEplol(|T1 T2, T3, T4, T5, T6], [ 5(¢), e(7). p(2). ¥(1), ult), (1) ].1=0..
#DEplol(|T1 T2, T3, T4, T5, T6), [ s(t), e(2). p(2), v{1), ul1), (1) ].1=0..
#DEplor(|TL T2, T3, T4 T5,T6]. [S(")3 cli). plr). vir), ulr), r(1)].1=0 .
#DEploi([T1 T2, T3, T4 T5, T6], [s(t), e(7). p(r). v{1). ult), (1) ].1=0 ..

#DEplol([TLT2, T3, T4 75, 761, | s(7). clt). p(1). v(1). u(t). (1) |.£=0 .

300, [[(0) = 750000, c[0) = 100000, p(0) = 62200, v(0) = 3273,

300, [ [s(0) = 750000, ¢(0) = 100000, p(0) = 62200, v(0) = 3273,
300, [ [s(0) = 750000, ¢(0) = 100000, p(0) = 62200, v(0) = 3273,
300, [ [s(0) = 750000, ¢(0) = 100000, 2(0) = 62200, v(0) = 3273,
300, [ [s(0) = 750000, ¢(0) = 100000, 2(0) = 62200, v(0) = 3273,

300, [[s(0) = 750000, ¢(0) = 100000. p(0) = 62200, v(0) = 3273,
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u(0) = 130952, r(0) = 64350] ], linecolor = | black], arrows = medium,

w(0) = 130932, 7(0) = 64350]], linecolor = | black], arrows = medium,

w(0) = 130932, 7(0) = 64350]], linecolor = | black], arrows = medium,

w(0) = 130932, 7(0) = 64330]]. linecolor = | black], arrows = medium,

w(0) = 130932, 7(0) = 64330]]. linecolor = | black], arrows = medium,

u(0) = 1309352, 7(0) = 64330]]. linecolor = | black]. arrows = medium,



LAMPIRAN 3

function dx=syam statel(t, x, u, ti) %ti adalah inputan %t,x,u
adalah variabel

global N alphal alpha2 beta gamma sigma epsilon delta deltal
delta2 delta3 miu omega g rho

delta=deltal+delta2+delta3;

ul=u(l, :);
ul=interpl(ti,ul',t);
u2=u(2,:);

uz2=interpl (ti,u2',t);
dx=zeros (6,1);

x (1
1).

=miu.*N+gamma.*x6-miu.*xl-beta.*x1.* (x2+x5) .* (1-rho) .* (1-

Z

eta.*xl.*(x2+x5).*(l—rho).*(l—ul)./N—(sigma+miu+delta).*x2;
deltal.*x2- (epsilon+g.*alphal+ (1-q) .*omega+miu) .*x3;
delta3d.*x2+epsilon.*x3-((1-u2) .*alpha2+omegat+miu) .*x4;
delta2.*x2- (omega+miu) .*x5;

g.*alphal.*x3+ (1-u2) .*alpha2.*x4+sigma.*x2- (miu+gamma) . *x6;

)
/
x(2)
x(3)
x (4)
x (5)
x(6)=
end

function dp=dwi costatel(t, p, x, u, ti)

global al a2 a3 a4 N alphal alpha2? beta gamma sigma epsilon delta
deltal delta2 delta3 miu omega g rho

X = interpl (ti,x',t);

x1l =
X2 =
X3 =
x4 =
x5 =
X6 =
ul =
u2 =

~.

o N

—_— — — — — —
e Ne Ne o Ne o N

N~ oy WN
~
~.

~ o~~~

CoooX X X X X X

~
~
~.

ul = interpl(ti,ul’',t);
u2 = interpl(ti,u2',t);

(1,:);
(2,:)7
p3=p(3,:);
(4,:);

(5 1)

1)

’

dp:zeros(6,1);
dp(l)=(pl-p2) .*beta.* (x2+x5) .* (1-rho) .* (1-ul) ./N+ miu.*pl;
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dp(2)=-a3+pl.* (l-rho) .* (1-ul) .*beta.*x1l./N-p2.* ((l-rho) .
ul) . *beta.*x1./N-sigma-miu-delta)-p3.*deltal-pd.*delta3-
p5.*delta2-p6.*sigma;

dp (3)=p3.* (epsilon+qg.* (alphal-omega) +tmiut+tomega) -p4.*epsilon-
p6.*qg.*alphal;

* (l_

dp(4)=p4.* ((1-u2).*alpha2+omega+tmiu) -p6.* (1-u2) .*alpha?2;

dp (4)=p4.* (u2+alpha2+(1-u2) .*omega+miu) -p6.* (u2+alpha?2);

dp (5)=(pl-p2) .*beta.*x1.* (1-rho) .* (1-ul) ./N+p5.* (omega+miu) ;
dp (6) =—gamma.*pl+ (miut+gamma) . *p6;

end

function u = dwi kontroll (x,p)
global al a2 beta alpha2 N rho omega

pl
P2
p3
p4
p5
6

x1
X2
x3
x4
x5

~ 0~

~

~

o U W N
~

~

'8 ' ‘T ‘T T

~

~

~

~

~e N

. N

~.

—_— — — — — —
« Ne Ne N ~. ~

~e

XXX X X X
N

~

—_— . e o~ o~
~

X6 =

~.

%$fungsi kontrol:

ul=(p2-pl) .* (1-rho) .* (x2+x5) .*beta.*x1./al;
u2=((p6-p4) .*x4.*alpha2)./2.*a2;

u=[ul;u2];

end

function J=dwi objektifl (x,u, ti)
global al a2 a3 a4
X2=x(2,1:);

’

~
— o

’

obj=(al./2).*(ul.”2)+(a2./2).*(u2.72)+a3.*x2;
J=trapz (ti,obj);

function s=dwi f simplebounds (s, Lb,Ub)
% untuk batas bawah

ns_ tmp=s;

I=ns_ tmp<Lb;

ns_tmp (I)=Lb(I);
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o)

% untuk batas atas
J=ns_tmp>Ub;
ns_tmp (J)=Ub(J);

% Update u
s=ns_tmp;

clear all;

clc;

clf;

global al a2 a3 a4 N alphal alpha2 beta gamma sigma epsilon delta

deltal delta2 delta3 miu omega q rho

% Nilai parameter model

gamma=0.01;

beta = 0.99;

sigma =0.17;

miu=0.0712;

g=0.96;

deltal=0.1259;

delta2=0.04;

delta3=0.13206;

delta=deltal+delta2+delta3;

omega=0.025;

alphal=0.11624;

alpha2=0.4;

epsilon = 0.169055;
rho=0.3;

al=95; a2=5; a3=1;
N=1500000;

% DATA KOTA MAKASSAR
x10=750000;
x20=100000;
x30=62200;

x40=3273;
x50=130952;
x60=64350;

x0=[x10;x20;x30;x40;x50;x60];
$Nilai akhir Costate (syarat transversalitas)
nx=6;

lambdaT=zeros (nx, 1) ;
%$Interval waktu

Ntime=10000;

tf=100;

ti=linspace (0,tf,Ntime) ;
%Batas kontrol

M1=0;

M2=1;

nv=2; S%banyaknya kontrol

Lb=Ml. *ones (nv,Ntime) ;

58



Ub=M2. *ones (nv,Ntime) ;
$Parameter Sweep

test=-1;
deltaa=0.001;
k=0;

c=0.5;

$tebakan awal untuk fungsi kontrol ul, u2 dan u3

u=0*ones (nv,Ntime) ;

%$solving sistem tanpa kontrol (ul=0 u2=0 u3=0)

options = odeset ('AbsTol',1le-3, 'RelTol',1le-3);
xc=ode45 (@ (t,x) dwi statel(t, x, u, ti), [0 tf],x0,options);
xc=deval (xc,ti);

%$Awal Metode Sweep

X=zeros (nx,Ntime) ;
p=zeros (nx,Ntime) ;

while (test<O0)

k=k+1;

oldx=x;

oldp=p;

oldu=u;

$Forward Runge Kutta

x=deval (ode4d5 (@ (t,x) dwi statel(t, x, u, ti), [0 tf], x0)
%$Backward Runge Kutta %yg digunakan nilai akhir lambdaT=0
p=deval (oded45 (@ (t,p) dwi costatel(t, p, %, u, ti),[tf

01, lambdaT), ti);

$menghitung nilai u dari syarat optimal sistem

ul=dwi kontroll (x,p); %menggunakan u dH/du=0

membuat u berada dalam interval yang diharapkan

ul=dwi f simplebounds (ul,Lb,Ub);

,t1)

$mengupdate nilau u dalam metode sweep menggunakan kombinasi

konveks

% u=0.5* (ul+oldu); %uji Konvergensi u yang pertama
u=ul.* (l-c.”k)+oldu.*c."k;

% u=0.5* (ul+oldu) ;

$menghitung nilai error

templ=deltaa*sum(abs (u))-sum(abs (oldu-u)) ;
temp2=deltaa*sum (abs (x))-sum(abs (oldx-x));
temp3=deltaa*sum(abs (p))-sum(abs (oldp-p));

test=min (templ,min (temp2, temp3)); %Buku Lenhart Hal:55
$menghitung nilai fungsi tujuan menggunakan u akhir

—

J(k)=dwi objektifl(x,u,ti);
disp(['it:',num2str(k), ', Test:',num2str (test)])
end
figure (1)
% subplot (221)
plot(ti,xc(l,:),'r-',ti, x(1,:),"'b-", "'LineWidth', 2)
xlabel ('Time (Day) ')
ylabel ("S(t)")
legend ('Without Control', 'With Control')
axis('tight'")
grid on

figure (2)

% subplot (222)
plot (ti,xc(2,:),'r-",ti, x(2,:),"'b-", "'Linewidth"',2)
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xlabel ('Time (Day)
ylabel ('C(t)")
legend ('"Without Control',
axis ('tight'")

grid on

% title('Solusi Optimasi

")

figure (3)
% subplot
plot (ti,xc(3,:),"
xlabel ('Time (Day)
ylabel ("P(t)")
legend ('Without Control',
% title('Solusi Optimasi
axis ('tight'")

grid on

(223)
r-',ti,

")

figure (4)

o

s subplot (221)
plot(ti,xc(4,:), 'r-"',ti,
xlabel ('Time (Day) ')
ylabel ('V(t)")

legend ('Without Control',
% title('Solusi Optimasi
axis('tight'")

grid on

figure (5)
% subplot
plot (ti,xc(5,:),"
xlabel ('Time (Day)
ylabel ('U(t) ")

legend ('Without Control',
% title('Solusi Optimasi

)

(222)
r-',ti,

")

axis ('tight')
grid on

figure (6)

% subplot (223)

plot (ti,xc(6,:), " 'r=-",ti,
xlabel ('Time (Day) ')
ylabel ('"R(t) ")

legend ('Without Control',
% title('Solusi Optimasi

axis ('tight')
grid on
figure (8)

subplot (131)

plot(ti,u(l,:),

xlabel ('Time (Day) ')

ylabel ('Control Function of u 1(t),

title('Control Function')

'With Control')

Menggunakan Metode Sweep')

x(3,:),"'b-","'LineWidth', 2)

'With Control')
Menggunakan Metode Sweep')

x(4,:),"'b-", "'Linewidth', 2)

'With Control')
Menggunakan Metode Sweep')

:),'b-','LineWidth', 2)

x (5,

'With Control')
Menggunakan Metode Sweep')

X (6,

:),'b-"','LineWidth', 2)

'With Control')
Menggunakan Metode Sweep')

'r=",ti,u(2,:),'b-", "LineWidth"', 2)
legend('COntrol Function of u 1','Control Function of u 2'")

u_2(t)")
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axis ('tight'")

grid on

subplot (132)

plot(ti,u(l,:),'r-', 'LinewWidth',2)
legend('Control Function of u 1")
xlabel ('Time (Day) ')

ylabel ('Control Function of u 1(t)"')
title ('Control Function')

axis ('tight'")

grid on

subplot (133)

plot(ti,u(2,:), 'b-"', 'LinewWidth',2)
legend('Control Function of u 2")
xlabel ('Time (Day) ')

ylabel ('Control Function of u 2(t)")
title('Control Function')

axis ('tight'")

grid on
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