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LAMPIRAN

LAMPIRANA1. Titik Kesetimbangan Adanya Perokok

> restart :
> with(linalg) : with(DEtools) : with(LinearAlgebra) : with(VectorCalculus) :
#misalkan#p 4+ = QI
#1ou2 = X2
#+o+u=£23
#tl ul = 4
#y+uU = €25
#y (1 +u2) 6=6
#Ha (1 —ul)=Q7
#y (14+u2) (1-8)=8
> Pdot := Lambda — betal -P-S — mu-P
-PSBl —Pu+A
> Sdot == betal -P-S — beta2-S-X — (Omegal)-S + Omega2-Y
PSPl —SXPB2—QIS+ QY
> Xdot := beta2-S-X — (Omega3)-X — Omega4-X
SXB2—Q3X — UX
> Ydot := omega-X — (Omega5) Y + Omega7-Ot — Omega2-Y
“SRY-Q5Y+Q70t+Xo
> Otdot = Omega6-Y — mu-Qt - (Omega?7)-Ot
Q6Y — Q701 — Oty
> Opdot :== Omega8-Y — mu-QOp

QY —0Opu
#dari per3
> Shintang = solve( Xdot, S)
Q3+ 4
B2
#dari pers. 1
>p = solve(Pdot, P)
_A
SBI +n
. Lambda
>Pb1ntang = Sbintang-betal + mu
A
(23 + ) I +u
B2

69



#dari pers?2
>y := solve(Sdot, Y)
S(-PBI+XB2+QI)

(o))
> Yointang = Shintang ( - Pbintang Bl + X B2 + QI)
o
(B+4) | - APl +XB2+ QI
(23 +4) pI N
p2 "
B2 2
#dari pers5
> gt := solve( Qtdot, Ot)
QY
Q7+ u
> thintang — M
Q7 + mu
Q6 (€3 +4) | - (Qj+?25)1 y +XB2+ QI
[CEF TN
B2
B22(Q7 + 1)
#dari pers6
> qp = solve(Qpdot, Op)
oY
u
> Opbintang = €8 Ybintang
i
Q8 (B + )| - (Q3+?25)1 y + X2+ QI
(wranp
B2
p22u

#subtitusi semua nilai yang diperoleh pada persamaan 4
#Ydot:=omega-X—(Omega5)-Y + Omega7-Qt — Omega2-Y

> subs_semuanilai == omega-X — (Omega5) - Ybintang + Omega7-Qtbintang — Omega?2
-Ybintang
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) A Bl
Q5 (3 + ) (51 20) Bl N +XB2+ Qi
B2 i
B2

Q706 (B3 + )| - AP +XB2+ QI
(Q3 +Q4) BI N
B2
B2Q2(Q7 + )
(B+4) | - (Q3+?25)1/31 +XB2+ QI
R
B2

0X —

> Xbintang = solve( subs_semuanilai, X)
((234+ ) (ABIB2 —QIQ3BI — QI Q4PI — QI B2p) (R2Q7 + Ru+ Q507+ Q5
—6Q7)) /(B2 (23 BI + Q4 Bl + B21) (2 Q3 Q7 + Q2 Q3 + Q2 Q4 Q7
+ 2 UU— RO — Q2po+ Q305Q7 + Q3Q5 1 — Q3Q60Q7 + Q4 Q5Q7
+ Q4051 — Q406 Q7))
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LAMPIRAN 2. Linearisasi dan Kestabilan Titik Kesetimbangan Bebas
Perokok

> restart

> with(linalg) : with(DEtools) : with(LinearAlgebra) : with(VectorCalculus) : with(linalg) :
with(VectorCalculus) : with(Student| LinearAlgebral) :

> fl := Lambda — betal -P-S — mu-P
~PSPl —Pu+A
> 12 := betal -P-S — beta2-S-X — (Omegal)-S + Omega2-Y
PSPl —SXB2— QIS+ QY
>3 := beta2-S-X — (Omega3)-X — Omegad-X
SXB2 — Q3X — Q4X

> f4 := omega-X — (Omega5)-Y + Omega7-Qt — Omega2-Y
DY — Y+ Q701 + X
> 5 := Omega6-Y — mu-Qt - (Omega?7)-Ot
Q6Y — Q701 — Ot

> {6 := Omega8-Y — mu-QOp

Q8Y —QOpu
> J i= Jacobian((f1, 12,13, /4./5.16), [P, S, X, Y, Ot, Op])
[ 5B —u -BIP 0 0 0o 0|

SBl PPl —XB2— QI -B2S @ 00
0 Xp2 SB2—03—4 0 0 0
0 0 ® 205 Q70
0 0 0 Qb -—u 0
0 0 0 Qs 0 -u

>TKﬁx — [learrlrll—b(ia

,§=0,X=0, Y=O,Qt=O,Qp=O]

[P=A,S=O,X=0, Y=0,0t=0, szo]
v
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> Jac_bintang = subs(TKfix,J)

- _'B]_A O 0 0 0
u
0 Bra — QI 0 (9] 0 0
u
0 0 -3 — 4 0 0 0
0 0 [0} -2 — Q5 Q7 0
0 0 0 Q6 -Q7—p 0
0 0 0 Q8 0 -u
[ lambda 0 0 0 0 0
0 lambda 0 0 0 0
>L 0 0 lambda 0 0 0
a =
0 0 0 lambda 0 0
0 0 0 0 lambda 0
0 0 0 0 0 lambda
> Jac bintang — La
w-x - BIA 0 0 0 0
u
o PA gy 0 o)) 0 0
0 0 -3 — Q4 — A\ 0 0 0
0 0 ) -2 —Q5—\ Q7 0
0 0 0 Q6 -Q7—u—A 0
0 0 0 o] 0 T

> Determinant(Jac bintang — La)

L((—93'—94—7») (207 + Q20+ @2 p+ Q5Q7 + Q5h + QS — Q6Q7 + Q7
u

2 2
+ 27+ ap) (A1 — Q@ —ap) (-p—2)°)
> eigenvalues(Jac bintang)
ABL -l 1 1o 1 1
PR @S-

+% (QF 422205 — 20207 — 22U+ Q5 —205Q7 — 2051

-3 — (A,

1 1 1
QS-S W —u

21/2 1
)" 2

FA406Q7+ Q7 + 27+ )
—% (QF +20Q5 — 227 — 220+ Q5 —2Q5Q07 — 2051

5 12
FAQ6Q7+ Q7 2 7u+10) - -u
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LAMPIRAN 3. Linearisasi dan Kestabilan Titik Kesetimbangan
Adanya Perokok

> restart
> with(linalg) : with(DEtools) : with(LinearAlgebra) : with(VectorCalculus) : with(linalg) :
with(VectorCalculus) : with(Student| LinearAlgebra]) :

>f1 == Lambda — betal -P-S — mu-P
PSPl —Pu+A
>f2 = betal -P-S — beta2-S-X — (Omegal)-S + Omega2-Y
PSPl —SXP2— QIS+ Q2Y
>13 := beta2-S-X — (Omega3)-X — Omega4-X
SXP2— Q3X — QX
>f4 = omega-X — (Omega5)-Y + Omega7-Qt — Omega2-Y
SRV -5V + Q70+ Xo
>f5 := Omega6-Y — mu-Qt - (Omega7)-Ot
QY —Q70t— 0t
>f6 .= Omega8-Y —mu-QOp
Q8Y —Opu
> J = Jacobian({/1,12,/3,/4,/5.f6), [P, S, X, Y, Ot, Op])

[ -sBI— -BIP 0 0 0 0
SBI PPl —XB2— QI -B2S @ 0o 0

0 XB2 SB2—3—4 0 0 0

0 0 ® —2-0Q5 Q70

0 0 0 Qb -—u 0

0 0 0 Qs 0 -u
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> TKfix=|P= JX=((23+Q4) (ABIB2 — QI NP1

(Q3+Q4) BI B2
B2

— QI Q4BI — QI B2y) (Q2Q7 + Qp+ Q5Q7 + Q5 — 6Q7)) [ (B2 (3 BI

+ Q4B+ B2p) (R + XL+ RUG+ R UL— R 0— Ruo

+ Q30507+ Q35U —Q3Q6Q7+ QUQ50Q7 + QU4 Q51— 4 Q6Q7)), Y

(B+)| - APl + Xbin B2 + QI
(3 + ) BI N
_ p__ " ,
B2 2 0

) ABI .
Q6 (23 + ) (@7 00 Bl . + Xbin 2 + QI
B2 i
B22(Q7+p)
- ApI in
Q8 (3 + ) (@7 00 Bl " + Xbin 2 + QI

B2
p2€2p
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> Jac bintang := subs(TKfix,J)

_M_u’_ ApI 0,000
B2 (3 + Q4) BI N
B2 3
(3 + Q4) BI ABI B B
5 (@t bl o ((3+4) (ABIB2— QI Q3BI
B2

— QI OBl — QI B2p) (R Q7+ Ru+ Q57+ Q5 —67)) | (31

+ Q4BI+ P2Y) (237 + QLU+ QRUQT+ RUNL— R — QLU
+Q30Q5Q7+ BN —Q3Q6Q7+ QU Q5Q7 +UQ5u— QU Q6Q7)) — QI -Q3
—Q4,02,0,0],

[0, ((23+4) (ABIP2—QIQ3BI — QI UHUPI — QI B21u) (2Q7+ Q2
+Q5Q7+ Q5 —Q6Q7)) [ (B3PI + Q4B1 + B2p) (20307 + Q2 Q3n

+ QU+ RUU— RO — Quo+ Q30507+ Q351 — Q3Q26Q7

+ Q40507 + QU Q51— Q4060Q7)),0,0,0,0],

0,0, -2 — Q5,.Q7,0],
0,0,0, 96, -Q7 — 1,0,

0,0,0, 8,0, -t

lambda 0 0 0 0 0
0 lambda 0 0 0 0
> g e 0 0 lambda O 0 0
0 0 0 lambda O 0
0 0 0 0 lambda O
0 0 0 0 0  lambda |
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#agar lebih pendek misalkan saja per entry nya

#misalkan
#k11=—(93 + 94) i +1u
B2

#h12= AP
(93 + ) BI .
B2 g
)+ 4) Bl
B2

#e22=((3 + Q4) (ABIB2 — QI Q3B — QI 4Bl — QI B2) (2Q7 + Q2p + Q5Q7
+O5u—Q6Q7))/ ((Q3B1 + Q4B + P21) (2 Q3Q7 + QL Q3+ Q2 Q4Q7
+RUU - QRO — QLue+ Q30507+ Q3Q50 — Q3607 + Q4Q5Q7

ABI
+UOQ5U— Q4Q6Q7)) + QI —
" )) (93 + ) BI +
B2 "
#k23=03 4+
#k24=C0

#32=((3 + Q1) (ABIB2 — QI Q3BI — QI Q41 — QI B2) (207 + Q2p+ Q5Q7
+ Q51— Q6Q7)) [ ((23B1 + 4Bl + B21) (Q2Q3Q7 + Q2 3y + Q24 Q7
+RUN- DT o — Qpo+ QBQ5Q7+ Q351 — Q3Q6Q7 + Q4Q5Q7
+ Q50— U Q6Q7))

#h43=w
#k44=Q2 +Q5
#k45=Q7
#k54=06
#k55=Q7 +11
#k64=08
Hk66=1

-kll -ki2 0 0 0 0
k21 -k22 -k23 k24 O 0

0 k32 0 0 0 0

0 0 k43 -k44 k45 O

0 0 0 k54 -k55 O

0 0 0 k64 0 -Kko6 |

> Jac_bintangg =
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> Jac bintangg — La

kI =%  ~kI2 0 0 0 0
k21 -k22—N -k23 k24 0 0
0 k32 - 0 0 0
0 0 K43 -kdd—h k45 0
0 0 0 k54 -kSS—A 0
0 0 0 ko4 0 -k66—\

> Determinant(Jac_bintangg — La)

(-k11k22k44)* — kI11K22k5507 — k11 k44KSSA + k11 k45kS4NT — kI1k23 k3207
— K22Kk44 k5507 + k22k45 k5N — k23 K32 k44 NE — k23 k32k55 N + k24 k32 k43N
— KI2K21 k44N — KI2k21 k5507 — k11 K22 K44 kSSh + k11 K22 k45 K54\
— kI1k23k32k44 k55 — k11 K23 k32 k44N + k11 k23 k32 k45 k54 — ki1 k23 k32 K55\
K11 K24 k32 k43 kS5 + k11 k24 k32430 — N k23 k32 k44 kS5 + N k23 K32 k45 k54
+ k24 k32 K43 K55 — k12k21 k44 k55 + k12 k21 kd5k54h — k11X — k22" — kaad?
k55N =N — k11k2200 — k1Tk44)> — kITRSSN — k22k440] — k22k550°
— k44 kSSN + ka5 k54N — k23 k3207 — k12k2107) (~k66 — )

78



LAMPIRAN 4. State, Costate, dan Syarat Stationer

> restart :

>
H:=Al-S+A2-X + A3-Y + BTI~u12 + BTzuzz + lambdal-(Lambda — betal-P-S — mu
-P) + lambda?2- (betal -P-S — beta2-S-X — (tho + mu)-S + tau2-u2-Y) + lambda3
- (beta2-§-X — (eta + omega + mu) -X — taul-ul-X) + lambda4-(omega-X — (gamma
+ mu)-Y + alpha- (1 —ul)-Qt — tau2-u2-Y) + lambda5-(gamma- (1 + u2)-delta-¥
-(mu + alpha-(1 — ul))-Qt) + lambda6-(gamma- (1 + u2)-(1 — delta)-Y — mu-Qp)

fstate
>LH
oAl
-PSBI —Pu+A
>LH
0A2
BIPS—B2SX—(p+u)S+2u2Y
>LH
0A3
BSX—(n+o+u) X—tulX
>_0
oM
oX—(y+u)Y+o(l —ul)Qt —2u2Y
>LH
oA
Y1 +u2)8Y— (W+a(l —ul)) Ot
>_0
o6
Y(1+u2) (1-8)Y—u0p
ficostate
0
>__2
op 1
-AM(-SBI—u) —A2BIS
0
> 2
aSH
AL+ M BIP— 22 (PPl —XB2—pn—p) —A3B2X
0
>
ax 11
A2+ 2B2S—A3(SB2—tlul —m —pu—0) — Mo
d
>_ 2
ar 1

A3 —202u2 —M(-2u2 —y—u) —ASy(1 +u2) 8 — A6y (1 +u2) (1 —39)
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Mo (1l —ul) —A5(-u—a(l —ul))

>-——H
00p
A6 1L

#syarat stationer

>Hul = H

oul
~OtoM + Qto A5 — XA3 1l + Blul

>solve(Hul, ul)
OtoM — Qto A5 + X A3l
BI

>Hu2 = H

ou2
B2u2 + 2202Y— MY+ A5y8Y+A6y(1—38) Y

> solve(Hu2, u2)
_Y(3YA5 —8yA6 +yA6 + 2212 — M 12)
B2
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LAMPIRAN 5. Simulasi Numerik
- Subprogram

function Kontrol

=simulasi tesis(lambdaP0,lamda,betal,beta2, rho,miu,eta, omega,alpha
,gamma,delta, taul, tau2,ull,u22,ulll,u222,A1,A2,A3,B1,B2,P0,S0,X0,Y
0,Qt0,Qp0, TPO, Ta)

M =500;

t=linspace (0, Ta,M+1); %dari waktu ke 0 sampai ke T sebanyak M+1
h=Ta/M; %panjang langkah

h2 = h/2; %panjang langkah dalam RK4

tmembentuk matriks baris isinya nol 1 baris, M+1 kolom
P=zeros (1,M+1);

S=zeros (1,M+1);

X=zeros (1,M+1);

Y=zeros (1,M+1);

Qt=zeros (1,M+1);

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

TP=zeros (1,M+1);

’

Pl=zeros (1,M+1)
Sl=zeros (1,M+1)
X1l=zeros (1,M+1)
Yl=zeros (1l,M+1)
1
1

’

’

Qtl=zeros (1,M+

)
Qpl=zeros (1,M+1)

’

P2=zeros (1,M+1);
S2=zeros (1,M+1);
X2=zeros (1,M+1);
Y2=zeros (1,M+1);
Qt2=zeros (1,M+1);
Qp2=zeros (1,M+1) ;

lambdaP=zeros (1,M+1)
lambdaS=zeros (1,M+1)
lambdaX=zeros (1,M+1)
lambda¥Y=zeros (1,M+1)
lambdaQt=zeros (1, M+1
lambdaQp=zeros (1,M+1

’

’

’

’

)7
)
ul=zeros (1,M+1);

u2=zeros (1,M+1);

%$nilai awal keadaan

P(1)=P0;
S(1)=S0;
X (1)=X0;
Y (1)=Y0;
Qt (1)=0Qt0;
Op (1) =0p0;
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P1(1)=P0;
S1(1)=S0;
X1 (1)=X0;
Y1 (1)=YO0;
Qtl(1)=0Qto0;
Qpl (1)=Q0p0;
P2 (1)=P0;
S2(1)=S0;
X2 (1)=X0;
Y2 (1) =Y0;
Qt2 (1)=0t0;
Qp2 (1) =Qp0;

lambdaP (1)= lambdaPO;

kk=0
test=-1 %variabel uji konvergensi
deta=0.0001; %nilai toleransi

while (test<0) S%supaya diperoleh hasil fungsi tujuan yang non
negatif

%$nilai awal dari iterasi while

$mengganti nilai lama dengan nilai yang baru

oldul = ul;
oldu?2 = u2;
oldP =P;
olds =S;
oldX =X;
oldy =Y;
0ldQt =0Qt;
0ldOp =Qp;

oldlambdaP =lambdaP;

oldlambdaS = lambdasS;
oldlambdaX = lambdaX;
oldlambdaY = lambday;

oldlambdaQt = lambdaQt;
oldlambdaQp = lambdaQp;

for i = 1:M
kk=kk+1l; S%Smenunjukkan setiap kali iterasi selalu bertambah satu

oldul = ul;
oldu?2 = u2;

fprintf ('iterasi ke = %1 \n ', kk)
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$STATE

for 1 = 1:M

mlP = lamda - betal*P(i)*S (i) - miu*P(i);

mlS = betal*P(i)*S (i) - beta2*S(i)*X (i) - (rho+miu)*S(i) +
tau2*u2 (i) *Y (1) ;

mlX = beta2*S (i) *X (1) - (etatomega+miu) *X (i) -taul*ul (i) *X (i)

mlY = omega*X (i) - (gamma+miu)*Y (i) + alpha* (1-ul(i))*Qt (i) -
tau2*u2 (1) *Y (i) ;
mlQt = gamma* (1+u2(i))*delta*Y (i) - (miu + alpha*(1-ul(i)))*Qt(i);

mlQp= gamma* (1+u2 (i)) *(l-delta)*Y (i)-miu*Qp (i)

m2P = lamda - betal* (P(i)+h2*mlP)* (S (i)+h2*mlS)-miu* (P (1i)+h2*mlP);
m2S = betal* (P (i)+h2*mlP) * (S (i)+h2*mlS) -
beta2* (S (i) +h2*mlS) * (X (i) +h2*mlX) - (rho+miu)* (S (i)+h2*mlS) +

tau2*0.5*% (U2 (i) +u2 (i+1)) * (Y (i) +h2*mlY) ;

m2X = beta2* (S(i)+h2*mlS) * (X (i) +h2*ml1X) -
(etatomega+miu) * (X (i) +h2*mlX) -

taul*0.5* (ul (i) +ul (i+1)) * (X (i) +h2*mlX) ;

m2Y = omega* (X (i) +h2*mlX) - (gammatmiu)* (Y (i)+h2*mlY) +
alpha*0.5* ((1-ul(i))+(1l-ul(i+1l)))*(Qt(i)+h2*mlQt) -

tau2*0.5*% (U2 (i) +u2 (i+1)) * (Y (i) +h2*mlY) ;

m2Qt = gamma*0.5* ((1+u2 (i))+(1+u2(i+1)))*delta* (Y (i)+h2*mlY) -
(miu + alpha*0.5* ((1-ul(i))+(l-ul(i+1))))*(Qt(i)+h2*mlQt);
m2Qp= gamma*0.5* ((1+u2(i))+(1+u2 (i+1l)))* (1-delta)* (Y (i) +h2*mlY) -
miu* (Qp (1) +h2*mlQp) ;

m3P = lamda - betal* (P(i)+h2*m2P)* (S (i) +h2*m2S)-miu* (P (1) +h2*m2P) ;
m3S = betal* (P (i)+h2*m2P) * (S (i) +h2*m2S) -

beta2* (S (i) +h2*m2S)* (X (1) +h2*m2X) - (rho+miu) * (S (i) +h2*m2S) +
tau2*0.5*% (U2 (i) +u2 (i+1)) * (Y (i) +h2*m2Y) ;

m3X = beta2* (S(i)+h2*m23) * (X (1) +h2*m2X) -

(etatomega+miu) * (X (i) +h2*m2X) -

taul*0.5* (ul (i) +ul (i+1)) * (X (1i)+h2*m2X) ;

m3Y = omega* (X (i)+h2*m2X) - (gamma+miu)* (Y (i)+h2*m2Y) +
alpha*0.5* ((1-ul(1i))+(1-ul(i+1)))*(Qt(i)+h2*m2Qt) -
tau2*0.5*% (u2 (1) +u2 (i+1)) * (Y (i) +h2*m2Y) ;

m3Qt = gamma*0.5* ((1+u2(i))+(1+u2(i+l))) *delta* (Y (i) +h2*m2Y) -
(miu + alpha*0.5* ((1-ul(i))+(1l-ul(i+1))))*(Qt(i)+h2*m2Qt);

m30p= gamma*0.5* ( (1+u2 (1) )+ (1+u2(i+l)))* (l-delta) * (Y (i) +h2*m2Y) -
miu* (Qp (i) +h2*m2Qp) ;

m4P = lamda - betal* (P (i)+h*m3P)* (S (i)+h*m3S)-miu* (P (i) +h*m3P) ;
m4S = betal* (P(i)+h*m3P)* (S(i)+h*m3S) -

beta2* (S (i) +h*m3S) * (X (1) +h*m3X) - (rho+miu)* (S(i)+h*m33) +
tau2*u2 (i+1) * (Y (i) +h*m3Y) ;

mi4X = beta2* (S (i)+h*m3S)* (X (1) +h*m3X) -
(etatomegat+miu) * (X (1) +th*m3X) -taul* (ul (i+1) ) * (X (i) +h*m3X) ;

m4Y = omega* (X(i)+h*m3X) - (gammat+miu)* (Y (i)+h*m3Y) + alpha* (1l-
ul (i+1)) *(Qt (1) +h*m30t) - tau2*u2 (i+1)* (Y (i) +h*m3Y);
m4Qt = gamma* (14+u2 (i+l)) *delta* (Y (i)+h*m3Y) - (miu + alpha*(1-

ul (i+1)))* (Qt (1) +h*m30Qt) ;
m4Qp= gamma* (1+u2 (i+l)) * (1-delta) * (Y (i) +h*m3Y) -miu* (Qp (i) +h*m3Qp) ;
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P(i+l) = P(i) + (h/6)* (mlP + 2*m2P + 2*m3P + m4P);
S(i+l) = S(i) + (h/6)*(mlS + 2*m2S + 2*m3S + m4S);
X(i4+1) = X (1) + (h/6)*(mlX + 2*m2X + 2*m3X + m4dX);
Y(i+1l) = Y (i) + (h/6)*(mlY + 2*m2Y + 2*m3Y + mdY);
Qt (i+1l)= Qt(i)+ (h/6)* (mlQt + 2*m20t + 2*m3Qt + m4Qt);
Op (i+1)= Qp(i)+ (h/6)* (mlQp+ 2*m2Qp+ 2*m3Qp+ mdQp) ;
end
$COSTATE
for 1 = 1:M
3 =M+ 2 - i;
mlP = -lambdaP (j).* (-betal*S(j)-miu)-lambdaS (j) .*betal*S(j);
mlS = -Al+lambdaP () .*betal*P(j)-lambdaS (j) .* (betal*P(j) -

beta2*X (j) -miu-rho)-lambdaX (j) . *beta2*X (j) ;

mlX = -A2+lambdaS (j) .*beta2*S(j)-lambdaX (j) .* (beta2*S(j) -
taul*ul (j) -eta-miu-omega) -lambda¥ (j) *omega;

mlY = -A3-lambdaS (j) .*tau2*u2(j)-lambda¥ (j) .* (-tau2*u2 (j)-gamma-
miu)-lambdaQt (j) . *gamma* (1+u2 (j) ) *delta-

lambdaQp (j) . *gamma* (1+u2 (J)) * (1-delta);

mlQt= -lambda¥ (j) .*alpha* (1-ul(j))-lambdaQt (j) .* (-miu-alpha* (1-
ul (3))) 7

mlQp= lambdaQp (j) *miu;

m2P = - (lambdaP(j)-h2*mlP).* (-betal* (S(j)-S(j-1))-miu)-
(lambdaS (j) -h2*mlS) . *betal* (S (J)+S(j-1));
m2S = -Al+(lambdaP (j)-h2*mlP) .*betal* (P

(3) P(J 1)) - (lambdasS (j) -
h2*mls) .* (betal* (P(J)+P(J-1))-beta2* (X(j)+X(j-1))-miu-rho) -
(lambdaX (j) ~h2*mlX) .*betal2* (X (J)+X(j-1));

m2X = -A2+ (lambdaS (j)-h2*mlS) .*beta2* (S (]
h2*mlX) .* (beta2* (S(j)+S(j-1))-taul*0.5* (u
omega) - (lambda¥ (j) -h2*mlY) *omega;

m2Y = -A3-(lambdaS (j)-h2*mlS) .*tau2*0.5* (u2(j)+u2(j-1))-

(lambda¥ (j)-h2*mlY) .* (-tau2*0.5* (u2 (j)+u2(j-1))-gamma-miu) -

+S(j-1)) - (lambdaX (j) -
(3

)
1(j)+ul(j-1))-eta-miu-

)
(lambdaQt (j) -h2*ml1Qt) . *gamma*0.5* ((1+u2(j) )+ (1+u2(j-1))) *delta-
(lambdaQp (j) ~h2*mlQp) . *gamma*0.5* ( (1+u2 (J) )+ (1+u2(j-1))) * (1-
delta) ;
m2Qt= - (lambda¥ (j)-h2*mlY) .*alpha*0.5* ((1-ul(j))+(1-ul(j-1)))~-
(lambdaQt (j) -h2*m1Qt) .* (-miu-alpha*0.5* ((1-ul (3))+(1l-ul(j-1))));
m2Q0p= (lambdaQp (j)-h2*mlQp) *miu;
m3P = - (lambdaP (j)-h2*m2P) .* (-betal* (S(j)-S(j-1))-miu) -
(lambdaS () -h2*m2S) . *betal* (S(j)+S(j-1));
m3S = -Al+ (lambdaP (j)-h2*m2P) .*betal* (P (j)+P(j-1))-(lambdaS(j) -

h2*m2S) .* (betal* (P(j)+P(j-1))-beta2* (X(3j)+X(j-1))-miu-rho) -
(lambdaX (j) ~h2*m2X) . *betal2* (X (J)+X(j-1));

m3X = -A2+ (lambdaS (j)-h2*m2S) . *beta2* (S(j)+S(j-1)) - (lambdaX (j) -
h2*m2X) .* (beta2* (S(j)+S(j-1))-taul*0.5* (ul (j)+ul (j-1))-eta-miu-
omega) - (lambda¥ (j) -h2*m2Y) *omega;

m3Y = -A3-(lambdaS (j)-h2*m23) .*tau2*0.5* (u2(j)+u2(j-1)) -

(lambda¥ (j)-h2*m2Y) .* (-tau2*0.5* (u2 (j)+u2(j-1))-gamma-miu) -
(lambdaQt (j) ~h2*m20t) . *gamma*0.5* ((1+u2(j) )+ (1+u2(j-1))) *delta-
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(lambdaQp (j) ~h2*m2Qp) . *gamma*0.5* ((1+u2(j) )+ (1+u2 (3-1))) * (1-
delta);

m3Qt= - (lambda¥ (j)-h2*m2Y).*alpha*0.5* ((1-ul(j))+(1-ul(j-1)))-
(lambdaQt (j) -h2*m2Qt) . * (-miu-alpha*0.5* ((1-ul (j))+(1-ul (3-1))));
m30p= (lambdaQp (j)-h2*m2Qp) *miu;

m4P = - (lambdaP (j)-h*m3P) .* (-betal*S(j-1)-miu)- (lambdaS(j) -
h*m3S) . *betal* (S(j-1));

m4S = -Al+ (lambdaP (j)-h*m3P) .*betal* (P(j-1))-(lambdaS(j) -

h*m33) . * (betal* (P (j-1))-beta2* (X(j-1))-miu-rho) - (lambdaX (j) -
h*m3X) . *betal2* (X(j-1));

m4X = -A2+(lambdaS (j)-h*m3S) .*beta2* (S(j-1)) - (lambdaX (j) -
h*m3X) . * (beta2* (S(j-1))-taul* (ul(j-1))-eta-miu-omega) - (lambdayY (j) -
h*m3Y) *omega;

md4Y = -A3-(lambdaS (j)-h*m3S).*tau2* (u2(j-1))-(lambda¥ (j) -
h*m3Y) . * (-tau2* (u2 (j-1) ) —gamma-miu) - (lambdaQt (j) -

h*m3Qt) . *gamma* (1+u2 (j-1)) *delta- (lambdaQp (j) -

h*m3Qp) . *gamma* (1+u2 (j-1))* (1-delta) ;

m4Qt= - (lambda¥ (j)-h*m3Y) .*alpha* (1-ul(j-1))-(lambdaQt (j) -
h*m30t) . * (-miu-alpha* (1-ul (j-1)));

m4Qp= (lambdaQp (j)-h*m3Qp) *miu;

lambdaP (j-1) = lambdaP(j) - (h/6)* (mlP + 2*m2P + 2*m3P + m4P);
lambdaS (j-1) = lambdaS(j) - (h/6)*(mlS + 2*m2S + 2*m3S + m4S);
lambdaX (j-1) = lambdaX(j) - (h/6)* (mlX + 2*m2X + 2*m3X + m4X);
lambdaY (j-1) = lambdaY(j) - (h/6)*(mlY + 2*m2Y + 2*m3Y + m4Y);
lambdaQt (jJ-1)= lambdaQt (j)- (h/6)* (m1Qt+ 2*m2Qt+ 2*m3Qt+ m4Qt);
lambdaQp (j-1)= lambdaQp (j)- (h/6)* (mlQp+ 2*m2Qp+ 2*m3Qp+ m4Qp) ;

ul (j)= min (1, max ( (- (lambdaQt (j) -

lambda¥Y (j)) .*alpha*Qt (i) +lambdaX (J) .*taul*X(i))/B1l));

u2(j)= min(l,max((-(lambdaS (j)-lambda¥ (J)) .*tau2*Y (i) -
(lambdaQt (j) *delta+lambdaQp (J) * (1-delta) . *gamma*Y (i) )) /B2)) ;

end

for 1 = 1:M

$SLANJUT KE TANPA KONTROL (ull=0, u22=0)

mlPl = lamda - betal*P1(i)*S1 (i) - miu*P1(i);

mlSl = betal*P1(i)*S1(i) - beta2*S1(i)*X1(i) - (rho+miu)*S1(i) +

tau2*u22*Y1 (i) ;
mlX1l = beta2*S1 (i) *X1(i)-(etatomegatmiu) *X1 (i) -taul*ull*X1(1i);

mlYl = omega*X1l (i) - (gammat+miu)*Y1l (i) + alpha*(l-ull)*Qtl (i) -
tau2*u22*Y1 (1) ;
mlQtl = gamma* (1+u22) *delta*Y1 (i) - (miu + alpha*(1-ull))*Qtl(i);

mlQpl= gamma* (1+u22) * (1-delta)*Y1l (i) -miu*Qpl (i) ;

m2P1 = lamda - betal* (Pl (i)+h2*mlP1l)*(S1(i)+h2*mlS1l) -
miu* (Pl (i)+h2*mlP1) ;
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m2S1 = betal* (P1(1i)+h2*mlP1)*(S1(i)+h2*ml1S1) -

beta2* (S1(1i)+h2*ml1S1)* (X1 (i)+h2*ml1X1l) - (rho+miu)* (S1(i)+h2*mlS1)
+ tau2*u22* (Y1 (i) +h2*mlY1);

m2X1l = beta2* (S1(1)+h2*ml1S1)* (X1 (1) +h2*ml1X1) -
(etatomegat+miu) * (X1 (1) +h2*mlX1l)-taul*ull* (X1 (i) +h2*mlX1) ;

m2Y1l = omega* (X1 (i)+h2*mlX1l) - (gamma+miu) * (Y1l (i)+h2*mlY1l) +
alpha* (1-ull)* (Qtl (i) +h2*ml1Qtl) - tau2*u22* (Y1l (i)+h2*mlY1);
m2Qtl = gamma* (1+u22) *delta* (Y1l (i)+h2*mlY1l) - (miu + alpha* (1-
ull))*(Qtl (i) +h2*mlQtl) ;

m2Qpl= gamma* (1+u22) * (1-delta) * (Y1 (i) +h2*mlY1l) -
miu* (Qpl (i) +h2*mlQpl) ;

m3P1l = lamda - betal* (Pl (i)+h2*m2P1)* (S1(i)+h2*m2S1) -
miu* (Pl (i) +h2*m2P1) ;

m3S1 = betal* (P1(i)+h2*m2P1)*(S1(i)+h2*m2S1) -

beta2* (S1 (i) +h2*m2S1)* (X1 (i) +h2*m2X1) - (rho+miu)* (S1(i)+h2*m2S1)
+ tau2*u22* (Y1 (i) +h2*m2Y1);

m3X1 = beta2* (S1(i)+h2*m2S1)* (X1 (i) +h2*m2X1) -
(etatomegat+miu) * (X1 (1) +th2*m2X1) -taul*ull* (X1 (i) +h2*m2X1) ;

m3Y1l = omega* (X1 (i)+h2*m2X1) - (gamma+miu)* (Y1l (i)+h2*m2Y1) +
alpha* (1-ull)*(Qtl (i) +h2*m20tl) - tau2*u22* (Y1l (i)+h2*m2Y1);

m30tl = gamma*u22*delta* (Y1l (i) +h2*m2Y1l) - (miu + alpha*(1l-
ull)) *(Qtl (i) +h2*m2Qt1l) ;

m3Qpl= gamma* (1+u22) * (1-delta) * (Y1l (i) +h2*m2Y1) -

miu* (Qpl (i) +h2*m2Qpl) ;

m4Pl = lamda - betal* (Pl (i)+h*m3P1)*(S1(i)+h*m3S1)-

miu* (Pl (i) +h*m3P1);

m4S1 = betal* (P1(i)+h*m3P1)*(S1(i)+h*m3S1) -

beta2* (S1 (i) +h*m3S1)* (X1 (i)+h*m3X1) - (rho+miu)* (S1(i)+h*m3S1) +
tau2*u22* (Y1 (i) +h*m3Y1);

mi4X1l = beta2* (S1(1i)+h*m331)* (X1 (i)+h*m3X1) -

(etatomega+miu) * (X1 (1) +h*m3X1) -taul*u22* (X1 (i) +h*m3X1) ;

m4Y1l = omega* (X1 (i)+h*m3X1) - (gamma+miu)* (Y1l (i)+h*m3Y1) +
alpha* (1-ull)*(Qtl (i) +h*m3Qtl) - tau2*u22* (Y1l (i)+h*m3Y1);
m4Qtl = gamma* (1+u22) *delta* (Y1l (i) +h*m3Y1l) - (miu + alpha*(1-
ull))*(Qtl (i) +h*m3Qtl) ;

m4Qpl= gamma* (1+u22)* (1-delta)* (Y1l (i)+h*m3Y1) -

miu* (Qpl (i) +h*m3Qpl) ;

1(i+1) = P1(i) + (h/6)* (mlP1 + 2*m2P1 + 2*m3P1 + m4Pl);
1(i+1) = S1(i) + (h/6)* (mlS1 + 2*m2S1 + 2*m3S1 + m4Sl);
1(i+1) = X1(i) + (h/6)* (m1X1 + 2*m2X1 + 2*m3X1 + m4X1);
Y1(i+l) = Y1(i) + (h/6)*(mlYl + 2*m2Y1 + 2*m3Y1 + mdYl);
Qtl(i+1l)= Qtl(i)+ (h/6)* (mlQtl+ 2*m20tl+ 2*m3Qtl+ méQtl);
Qpl (i+1)= Qpl(i)+ (h/6)* (mlQpl+ 2*m2Qpl+ 2*m3Qpl+ m4Qpl) ;
end
$templ = nilai ul, temp2 = nilai u2

templ = (- (lambdaQt-lambdaY) .*alpha.*Qt+lambdaX.*taul.*X)/Bl;
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temp2 = (- (lambdaS-lambdaY) .*tau2.*Y-
(lambdaQt.*delta+lambdaQp.* (1-delta) .*gamma.*Y)) /B2;

Sua = ul*, ub = u2z*
ua = min(l,max (0, templ))
ub = min(1l,max (0, temp2))

$u diperbaharui dengan (u awal+u baru)/2
ul = 0.5* (ua + oldul);
u2 0.5* (ub + oldu2);

%uji konvergensi

$tempul = solusi optimal dari ul diuji dengan = delta*||ull|-||ul-
u_lamal [>=0
Stempu2 = solusi optimal dari ul diuji dengan = delta*||u2]||-]||u2-
u lamal |>=0
tempul = deta*sum(abs(ul)) - sum(abs(oldul - ul));
tempu?2 = deta*sum(abs(u2)) - sum(abs(oldu2 - u2)):;
tempP = deta*sum(abs (P)) - sum(abs(oldP - P));
tempS = deta*sum(abs(S)) - sum(abs(oldsS - S));
tempX = deta*sum(abs (X)) - sum(abs(oldX - X));
tempY = deta*sum(abs(Y)) - sum(abs(oldY - Y));
tempQt= deta*sum(abs (Qt)) - sum(abs(oldQt - Qt));
tempQp= deta*sum(abs (Qp)) - sum(abs(oldQp - 0Op)):

templP = deta*sum(abs (lambdaP)) sum (abs (oldlambdaP -

lambdaP)) ;

templS = deta*sum(abs (lambdaS)) - sum(abs(oldlambdaS -
lambdasS)) ;

templX = deta*sum(abs (lambdaX)) - sum(abs(oldlambdaX -
lambdaX)) ;

templY = deta*sum(abs(lambdaY¥Y)) - sum(abs(oldlambdaY -
lambdaY)) ;

templQt= deta*sum(abs (lambdaQt))- sum(abs (oldlambdaQt-
lambdaQt) ) ;

templQp= deta*sum(abs (lambdaQp))- sum(abs (oldlambdaQp-
lambdaQp) ) ;

test = min (tempul,min (tempu2,min (tempP,min (tempSs,
min (tempX,min (tempY, min (tempQt, min (tempQp, min( templP,
min(templS, min (templX, min(templY, min (templQt,

templOp)))))))))))));

disp(['it: ', num2str(kk),', Test: ', num2str(test)]);
end
end

fprintf ('jumlah iterasi = %i ', kk)

Kontrol (1,:) = t;
Kontrol (2, :) = P;
Kontrol (3,:) = S;
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Kontrol (
Kontrol (
Kontrol (
Kontrol (

Kontrol (8, :
Kontrol (9, :

Kontrol
Kontrol
Kontrol
Kontrol
Kontrol
Kontrol

Kontrol
Kontrol
Kontrol
Kontrol
Kontrol
Kontrol

fprintf ('Hasil Akhir

(10,
(11
(12
(13, :
(14,
(15

(1o,
(17
(18, :
(19
(20
(21

X;
Y;
Qp;
ot;

= ul;
= uz;

P1;
= S1;
X1;
Y1l;
= Qpl;
Qtl;

P2;
S2;
= X2;
= Y2;
Qp2;
ot2;

Ko (:,end)

- Program utama

clc
pilihl1=0;
pilih2=0;

lamda =
betal

1000;
=0.003 ;

beta2 =0.002;

rho =0.003;
miu =0.002;
eta =0.003;

omega =0.004;

alpha =1;

gamma =0.1183;

delta =0.5;
taul =0.5;
tau2 =0.5;

TP0=500000;

ull =0;
u22 =0;
ulll =0.5;

%asumsi
%asumsi

%asumsi

")
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u222 =0.5; %asumsi

Al1=20;
A2=20;
A3=60;
B1=50;
B2=50;

P0=3000; %3000
S0=2000; %2000
X0=1000; %1000
Y0=2000; %2000
Qt0=1000; %1000
Qp0=1000; %1000
lambdaP0=0;

Ta=20 ;

Ko =

simulasi tesis(lambdaP0O,lamda,betal,beta2,rho,miu,eta, omega,alpha,
gamma,delta, taul, tau2,ull,u22,ulll,u222,A1,A2,A3,B1,B2,P0,S0,X0,Y0
,0t0,Qp0, TPO, Ta) ;

disp(' ")

clc

while (pilihl==0)
disp(' PILIH GRAFIK HASIL SIMULASI YANG INGIN DI TAMPILKAN')
disp(' ATAU MENGAKHIRI SIMULASI'")

disp('= === ======================= == == ")
disp('")
disp("' 1 INDIVIDU POTENTIAL SMOKERS (P)")
disp (' 2 INDIVIDU SNUFFING CLASS (s)y ")
disp(' 3 INDIVIDU IRREGULAR SMOKERS (X)y ")
disp(' 4. INDIVIDU REGULAR SMOKERS (Y)")
disp(' 5. INDIVIDU TEMPORARY QUITTERS (Qt) ")
disp(' 6 INDIVIDU PERMANENT QUITTERS (Qp) ")
disp (" 7 TINGKAT KONTROL Ul dan U2 ')
disp(' 8. SELESAI'")
disp ("' 9. LambdaP')
disp('")
disp('")
pilih2=input ('SILAHKAN PILIH 1, 2, 3, 4, 5, 6, 7 atau 8 :');
disp('")
disp('")
if pilih2==
figure (1)
plot (Ko(l,:),Ko(2,:), 'blue', 'linewidth',1.5);
hold on

plot (Ko(l,:),Ko(10,:), 'red', 'linewidth',1.5);
xlabel ('Waktu (dalam tahun)')

ylabel ('P(t)")

legend ('P dengan kontrol ','P tanpa kontrol')
grid on;
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pilihl1=0;
elseif (pilih2==2)
figure (2)
plot (Ko(1l,:),Ko(3,:), 'blue',Ko(l,:),Ko(1ll,:), " 'red', 'linewidth',1.5
)i
xlabel ('Waktu (dalam tahun)')
ylabel ('S(t)")
legend ('S dengan kontrol Optimal','S tanpa kontrol')
grid on;

pilihl1=0;
elseif (pilih2==3)
figure (3)

plot (Ko(l,:),Ko(4,:), 'blue',Ko(l,:),Ko(1l2,:), 'red"', 'linewidth',1.5
)i

xlabel ('Waktu (dalam tahun)')

ylabel ("X (t)")

legend ('X dengan kontrol Optimal', 'X tanpa kontrol')

grid on;

pilihl=0;
elseif (pilih2==4)
figure (4)

plot (Ko(l,:),Ko(5,:), 'blue',Ko(l,:),Ko(13,:), " 'red', 'linewidth',1.5
)

xlabel ('Waktu (dalam tahun)')

ylabel ('Y (t)")

legend ('Y dengan kontrol Optimal','Y tanpa kontrol')

grid on;

pilihl1=0;
elseif (pilih2==5)
figure (5)

plot (Ko(1l,:),Ko(6,:), 'blue',Ko(l,:),Ko(1l4,:), 'red", 'linewidth',1.5
)i

xlabel ('Waktu (dalam tahun)')

ylabel ('Ot (t) ")

legend ('Qt dengan kontrol Optimal', 'Qt tanpa kontrol')

grid on;

pilihl=0;
elseif (pilih2==6)
figure (6)

plot (Ko(l,:),Ko(7,:), 'blue',Ko(l,:),Ko(1l5,:), " 'red', 'linewidth',1.5
)i

xlabel ('Waktu (dalam tahun)')

ylabel ('Op(t) ")

legend ('Qp dengan kontrol Optimal', 'Qp tanpa kontrol')

grid on;

pilihl1=0;
elseif (pilih2==7)
figure (7)
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plot (Ko(1l,:),Ko(8,:), 'blue',Ko(l,:),Ko(9,:), 'red", 'linewidth',1.5)

xlabel ('Waktu (dalam tahun)')
ylabel ("ul*, u2*")
legend('ul', 'u2")

grid on;

elseif (pilih2==8)
pilihl=1;

end

end

$SIMULASI VARIASI PARAMETER,
%$simulasi satu per satu, nanti grafiknya tinggal di copy untuk
digabungkan

$CATATAN

$lurus = nilai standar

= nilai dibawah tandar
= nilai di atas standar

oe

oe
I
|
|
|

%clc
Sfigure (2)
$plot (Ko(1l,:),Ko(3,:), ' 'blue',Ko(l,:),Ko(ll,:), " 'red"',"linewidth', 1.

5);
%$xlabel ('Waktu (dalam tahun) ')
Sylabel ('S(t)")

(
(
%$legend ('S dengan kontrol Optimal','S tanpa kontrol')
%grid on;

Sfigure (2)
$plot (Ko(l,:),Ko(4,:), 'blue',Ko(l,:),Ko(1l2,:), ' 'red',"linewidth', 1.

5);
%$xlabel ('Waktu (dalam tahun) ')
Sylabel ("X (t)")

(
(
%$legend ('X dengan kontrol Optimal','X tanpa kontrol')
%grid on;

Sfigure (2)
$plot (Ko(l,:),Ko(5,:), 'blue',Ko(l,:),Ko(1l3,:), ' 'red','linewidth', 1.

5);
$xlabel ('"Waktu (dalam tahun)')
Sylabel ('Y (t)")

(
(
%$legend ('Y dengan kontrol Optimal','Y tanpa kontrol')
%grid on;

disp('")

disp('")

disp('")

disp('")

disp('HASIL AKHIR SIMULASI'")
Ko (:,end)

pilihl=1;

disp ('SELESAI")
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