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Lampiran 1-1

LAMPIRAN
Lampiran 1. Pendekatan Variabel N (Total Populasi)

Diberikan model matematika penyalahgunaan narkoba dengan memperhatikan tipe
perawatan beserta tingkat resiko sebagai berikut :

dditH =pA— ﬁll% — (t+ w)Sy + w5, (L.a)
ds Is

d_tL ={A-pA- MTL — (U + w2)S, + w1 Sy (1.b)
dal _ B1I(Su+nSL) | B2IR | B3ITj

AR Tt~ to+é+p)l (1.c)
ar; _ [ Bl . . L
E—( —q)ol — N —(li+a1+)’1)j+“2r (1.d)
dty

Fr qol — (u+ az + v)T + a1 T; (1.e)
dR IR

=Ty + 7,1, +pl - 22— R (1.f)

Total populasi didefinisikan sebagai berikut :

Dari sini dapat dibentuk menjadi,

dN

_Sy S, a Tj T dR
dt_dt+dt+dt+dt+dt+dt (1.9)

Dengan mensubstitusikan persamaan (1.a) — (1.f) ke persamaan (1.g) diperoleh berikut:

dN
— = A—uSy —uSy —pul — uTy — pTr — puR — 81

dN . .
S =A—uN -6l (1.h)

Pada analisis kestabilan laju kematian akibat narkoba diabaikan karena nilainya kecil

(6 = 0), sehingga persamaan (1.h) menjadi sebagai berikut :
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dN
E_A_MN

dN .

ar +uN =A (1|)
Penyelesaian persamaan diferensial diatas dilakukan menggunakan faktor integrasi.
Misalkan faktor integrasinya adalah e/#dt = ekt

Semua ruas dikalikan faktor integrasi, sehingga persamaan (1.i) dapat dituliskan

sebagai berikut :

dN
Ee”t + uNeHt = peHt

a ty — t

” (Nett) = AeH
d(NeHt) = Nettdt
[d(Nett) = [ Aettdt

Nekt = L—\e”t + C , dengan C konstanta
Nette—ut —Louto—pt 4 co-nt
u
N(b) = % + CeHt (1)

Karena pada persamaan (1.j) masih terdapat ¢ maka didekati menggunakan limit untuk

t — oo, sehingga diperoleh :
. — i (A —ut
i N () = Jim ( + Ce~v)
lim N(t) =2 + limCek¢

t—oo u t—oo

lim N(t) =240

t—oo u

A
lim N(t) =-
t—oo () u
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Lampiran 2-1
Lampiran 2. Perhitungan Titik Setimbang Non Endemik (I = 0)
Diberikan sistem persamaan sebagai berikut :
= pA =P = Gt 01)Sy + w25, = 0 (22)
as S
L= (1 —p)A =T (u+ )8, + w15y = 0 (2.b)
dl _ B1I(Su+nSy) | B2IR ﬁsITJ _
i ~ +=—+ —(u+o+p)=0 (2.c)
= - qol = BU — (u+ ay + )Ty + ayT, = 0 (2.d)
dTy
— = q0l = (u+a, + )T + a,T; = 0 (2.€)
R =y T+ 7T +pl - 22— yr =0 (29

Titik setimbang non endemik atau bebas narkoba diperoleh dengan mensubstitusikan
I = 0 kedalam persamaan (2.a) — (2.f), sehingga persamaan (2.d) menjadi sebagai
berikut :

dT’—(l q)ol — ——(,u+a1+y1)T+a2T—0
0-0—(uta;+y)Tj+a,T. =0
—(p+a; +y)T+ a,T, =0

aTr = (p+a + V1)Tj

_ (utag+y)T;

T, - (2.9)
Dari persamaan (2.e) saat diperoleh sebagai berikut :

dT,

Ezqal—(u+a2+y2)Tr+a1Tj =0

0—(u+tay+y)T +ayT; =0 (2.h)
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dengan mensubstitusikan persamaan (2.g) ke persamaan (2.h) diperoleh berikut :

(u+ay +y)T;]
—(u+a, +Y2)% +a;Tj =0

—(ut+az+y)(ptas+y)Tjea1a2T;
az

0

—(uta+y)u+ta; +y)Tjiaa,Tj =0

Ti(—(u+a, +y)(u+a; +y) +aa;) =0

Ti(—w+y)+a+v) —a(u+v) —qa + ;) =0
—((w+yv)u+as+y) +a(u+vy))T; =0

karena —((# +y)(u+ag+y) Fa(u+ V1)) < 0 maka didapatkan

T; =0 (2.0)
dengan mensubstitusikan persamaan (2.i) kedalam (2.g) diperoleh :

_ (utag+y1)T;
az

T

(u+aq+y1)0
Tr:u 1TV1

az
T,=0 (2.j)
Dengan mensubstitusikan = 0 , persamaan (2.i) dan (2.J) kedalam persamaan (2.f)
diperoleh :
B =T+ v, +pl =22 —yRr = 0
0+0+0-0—-pR=0
—uR =0
Karena —u < 0 maka
R=0 (2.k)
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Dengan mensubstitusikan I = 0 kedalam persamaan (2.a), maka diperoleh :

aSy = pA — LISy

Fral N —(p+ w)Sy + WS, =0

pA_O_(M-'_wl)SH-I_a)ZSL:O

PA+ w5, = (U + w1)Sy

__ PA+wy S
T (utwq) @1

Dengan mensubstitusikan I = 0 dan persamaan (2.1) kedalam persamaan (2.b) maka

H

diperoleh :

ds IS
d_tL=(1_p)A_77[g11\,_L_(ﬂ+w2)SL+w1SH=O

w1 (pA+w3SL)
(1—p)A—0— (,Ll+(1)2)SL+W— 0

(u+w)(A-p)A-(u+w1)(U+wz)Sp+w (PA+w,S) -0
(utwq)

(u+w 1) (A-P)A—(U? + w1 +HUw + 01 W) S+ W PA+W1 WS, 0
(u+wy)

u(1-p)A+w1(1-p)A-u(p+w1+w2)S— W1 W2 S+ W1 PA+ W1 WS, 0
(n+wyq)

u(1-p)A+w A—p(u+w,+w3)Sy,

(utwq) =0

p(1=p)A+ wA—pu(u+ w; + w)S, =0
p(1—p)A+ wiA = p(u+ 0, + wz)S,

_ p-p)At+wiA _ A(u(1-p)twq)
SL= pptwi+w;)  plptw;+;) (2.m)

Dengan mensubstitusikan persamaan (2.m) kedalam (2.1) sehingga didapatkan :

_ pA+0)2$L
H (u+twq)
w2 A(p(1-p)+wq)

S, = pA+ uptwit+wr)

'y =

(u+twq)

S, = pAu(p+wi+w2)+w A(p(1-p)+w,)

q =

uut+w+wz)(u+wq)
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Lampiran 2-4
_ PApwy+u(1-p)wa A+pAp(ptwi)+wiwa A
Sy =
plutwi+wz)(ptwq)
Apwr+wqw A+pAp(p+wq)
SH =
plptwi+wz)(p+ws)
— (Awz+pAp)(ptwy)
™ puror+w)(utwr)
A(up+ws)
= 2.n
H plptwi+wz) ( )

Berdasarkan persamaan (2.i), (2.j), (2.k), (2.m) dan (2.n) diperoleh titik setimbang non
endemik (E,) yaitu

Alpp + wz)  A(u(1—p) + 1)
pu+ o+ w)" plp + oy + wy)

Ey = (Sy%,8,°1°T,°, T,°, R%) = < ,0,0,0,0)
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Lampiran 3-1

Lampiran 3. Perhitungan Basic Reproduction Number (Ry)
Berdasarkan sistem persamaan berikut :
‘jl;—tH = Bl]s” —(u+ w)Sy + w,S,, (3.9)
as IS
d_tL (1-p)A- nﬁl L— (u+ w)S, + wySy (3.b)
dal _ B1I(Su+nSy) | B2IR | B3ITj
— = 1v +=—+— (u+o+p)l (3.0
= (1= ol =B = (u+ @y + )Ty + T, (3.4)
dr;
ke qgol — (u+ a; +y)T + a1 T} (3.8)

IR
X =Ty +vo Ty + pl — 225 — R (39

diperoleh titik setimbang non endemik yaitu

Eo = (54", 8,% 1° T, T, R) = (pekrea) BLU=DIO) 00,0

plptwi+wy)’ plp+wi+w,) ’
Perhitungan R, dilakukan dengan menggunakan metode Next Generation Matrix

(NGM). Populasi pelopor penyebaran narkoba adalah 1I,T;, dan T, sehingga

didefinisikan

I
T,

Dari sini diperoleh
dl/dt

% = dT;/dt | = F(x) — 2(x) (3.9)
dT,/dt

dengan F(x) adalah matriks transmisi, yaitu matriks yang elemennya berisi

subpopulasi tahapan awal penyalahgunaan narkoba akibat kontak dengan individu 1.
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Sedangkan, Z(x) adalah matriks transisi, yaitu matriks yang berisi subpopulasi
manusia yang menyalahgunakan narkoba. Dengan mensubstitusikan persamaan

(3.c) — (3.e) kedalam persamaan (3.g) diperoleh :

B1l(Su+nSL) | Bz2IR | BslT;
/ Y ++t— —(,u+0+p)1\
d—x = | BSITj |
dt (1 —=q)al — N —(,u+a1+y1)7}-+a2'1}
\ qol — (u+ az + )T + a4 T; /

/ O IS) | IR | WESITS (4 ,\

dx .
a (1—q)al—@—(,u+a1+y1)Tj+a2Tr|
qol — (u+ a; +y)T, + a,T; /

sehingga didapatkan matriks F dan Z masing-masing sebagai berikut :

#311(5H+nSL)+uﬁzIR uBsIT;|

A A T A w+o+pl
F = _ UBsIT; dan z = -1 —q@)ol + (u + ay + y)Tj — a,T;
A —qol + (u+ a; +y)T, — aT;
0

Berikut matriks jacobian untuk F dan Z masing-masing sebagai berikut :

UB1(SH+nSL) | UB2R | UB3Tj  uBsl 0

A ot A w+o+p) 0 0
F = _ WBsTj _#Bsl dnz=(-1-q¢o p+a,+v; —a,
A A —qo —aq u+a, +vy,
0 0 0

Berikut ini matriks jacobian untuk F dan Z di sekitar titik setimbang E,

B1(up+w,+n(u(1-p)+wq))

00 w+o+p) 0 0
F = u+w(1)+w2 0 0 dan z = < -1-qo pu+a+7 2 )
O O O —qo - Uta,+vy,

Pada metode NGM R, diperoleh dengan menentukan nilai eigen terbesar dari
R =FZ1
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Lampiran 3-3
Dari sini diperoleh
-1 _
L7 = —— (Ad] Z)
- 0 0
u+o+p
7-1 = o(azt(1-@)(U+y2)) Htastys 23
- h(u+o+p) h h
o(ay+q(u+y1)) a1 H+“1+Y1/
h(u+o+p) h h
denganh = (u+y) W+ az +v2) + a1 (U +v2)
Sehingga diperoleh R = FZ~! yang diuraikan sebagai berikut :
R=Fz1
0 0
B1(up+w+n(u(1-p)+w,)) 0 0 uto+p
R = Utwq+wy o(a+(1-q)(u+y2)) pt+az+y, az |
B 0 00 h(uto+p) h h
0 0 0 o(a1+q(u+y1)) ay u+a1+y1/
h(u+o+p) h h
B1(up+w2+n(u(1-p)+w1))
0 0
R = (uto+p)(u+wi+ws)
0 0 0
0 0 0

Selanjutnya akan dicari nilai eigen dari R dengan uraian perhitungan sebagai berikut :

det(R — AI) = 0

B1(up+wz+n(u(1-p)+wy1)) 1 0 0
(u+o+p)(Htwi+wy)

det 0 1 o |70
0 0 -1
B1(up+wa+n(w(1-p)+wy)) 2y _
( (u+o+p)(utw,+wy) /1) (A9 =0 (3.h)
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Berdasarkan persamaan (3.h) didapatkan nilai eigen A, =2 1(?5::;)’5’: (al)_fz”;’l)),
1 2

A, =0, A3 = 0, sehingga diperoleh basic reproduction number berikut :

R, = maks{A;},dengani = 1,2,3

= Bi(up + w, + n(u(d —p) + wy))
T (uto+ptwtw,)
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Lampiran 4-1
Lampiran 4. Perhitungan Titik Setimbang Endemik (I # 0)
Diberikan sistem persamaan diferensial sebagai berikut :
ddit pA — BlISH —(U+ w)Sy + w5, =0 (4.2)
as S
L= (1 —p)A =T (u+ )8, + w15y = 0 (4.b)
dl _ B1I(Su+nSy) | B2IR ﬁsITJ
— = . +==+ —(u+a+p)I=0 (4.0)
dt; B3l
——(1—q) I———(/,t+a1+y1)T+a2T—0 (4.d)
dTy
- = qol — (u+ a; +y)T, + a;T; = 0 (4.e)
=y T+ vl +pl - 22— yr =0 (4.9

Keadaan endemik terjadi ketika terdapat penyalahguna narkoba yang tidak
mendepatkan perawatan atau I > 0. Persamaan (4.e) dapat diuraikan sebagai
berikut :

aTy

e qol + Ty = (u+ az +v)T;
qol+a,T;
utaz+y,

T =

(4.9)

Dengan mensubstitusikan persamaan (4.g) ke (4.d) maka diperoleh

dT
upsIT az(qol+aqT;)
e (1-qoal ——1- Ti+———F=
( Q)o- (‘u + al + Y1) + utas+y,

_ _ MBsIT; . azqol aazlj
(=1 (1 q)O'I —A (‘u + al + yl)’l} + P + Wt t7s == O

_ ayqol [l.ﬁ3IT] _ alaZTj
e (1 CI)O'I + PR +(p+a+ yl)T utaz+yz
o (u+az+y2)(1-q)ol+a,qol T (uﬁ31(u+a2+y2)+A(,u+a1+y1)(u+a2+y2)—Aa'1a2)

U+az+y, J A(p+az+y2)
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=4

(u+y2)(1-q)ol+a,(1-q)ol+a,qol — T (;1/3'31(u+a2+]/2)+A((u+y1)(u+a2+y2)+a1(u+y2))+Aa1a2 A“l“z)
utaz+y; A(p+az+yz)

o (,Ll + Vz)(l _ q)O'I + azal _ T (#ﬁ31(#+“2+V2)+A((ﬂ+]’1)(#+a2+V2)+a1(#+1’2))

)(M"‘“z +72)

A(p+az+yz)
PN al((u +y,)(1—¢q) + az) =T ((ﬂﬁ31+A(ﬂ+V1))(ﬂ-|/-\az+V2)+Aa1(ﬂ+)/2))
o Aol ((u+y)(1-q)+a5) (4.h)

J 7 (uBsl+A(u+yD) (u+az+y2) +Aay (u+y,)

Persamaan (4.h) disubstitusikan ke persamaan (4.g) sehingga didapatkan berikut :

_ qol+a,T;
T ptazty,
qo a1 Acl((p+y2)(1-q)+az)
PN Tr — (uﬁ31+A(u+Y1))(u+az+Yz)+Aa1(u+yz)

utaz+y,

_ qol[(uBsI+A(u+y1)) (u+az +y2)+Aas (u+y2) | +ai Acl ((u+y2) (1-q)+ay)

T =
r (u+az+v2) [(UB3 1+ A(u+y1)) (U+az+y2) +Aas (u+y2)]
o T = qol(uBzI+A(u+y1))(u+az+y2)+qolAa; (u+yz)+ai Acl(u+y;)(1-q)+ajaz Aol
r (u+az +y2) [(UBzI+A(u+y1)) (u+az +y2)+Aa; (u+y2)]
o T = qol(uB3l+A(u+y1))(u+az+y2)+olAa; (u+yz)+aiaz Aol
r (u+az+y2)[(UB3 I+ A(u+y) (u+az+y2)+Aay (u+y2)]
o T = qol(uBsI+A(u+y1))(u+az+y2)+olAa; (u+az +y2)
T (utaz+y) (B3I +A(u+y1)) (u+az+v2) +Aas (u+y2)]
o T = [qol(uBsI+A(u+y1))+olAas](pu+az+ys)
T (utaz+y) (B3I +A(u+y)) (u+az +v2) +Aa; (u+y2)]
P Tr — UI[Q(“ﬁ31+A(ﬂ+V1))+Aa1] (4|)

(UB3I+A(u+y1)) (u+az+y2)+Aaq (u+Y2)

Persamaan (4.h) dan (4.i) disubstitusikan kedalam persamaan (4.f) sehingga
diperoleh berikut :

B =T+ v, +pl =22 —yR = 0
& Nl +yeTr +pl =225 — yR = 0
T +y,T, + pl =22 4 R

v2(qol+a;Tj) uBI+Au
oy, T +————=— I =R (—
ralj+ ptaz+y, tp A
ol+aqT;
A(Y1Tj+—y2(ti_a — 2 1)
Py R — Htaz+Y2
uB2I+Ap
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o R = A(y1T j(utaz+y2)+v2(qol+aq T )+pl(utaz+v2))
(u+az+y2)(uB21+Ap)
A(y1Tj(u+az+y2)+y2 (qol+ay T ))+pl(u+az+y2)) .
S R= 4.
K WGt az+y2) (B2 +0) (4.J)
Persamaan (4.a) dapat diuraikan sebagai berikut sehingga didapatkan Sy:
%ZPA—%TISH— U+ w)Sy+ w5, =0
(= pA + (UzsL = #'BlTISH + (ll + wl)SH
N pA + wZSL — “3114—/;\(#-"(’)1) SH
A(pA+wySL)
SSyp=——= 4.K
B ppir+Autwy) (4.k)

Dengan mensubstitusikan persamaan (4.k) ke (4.b) diperoleh sebagai berikut :

%=(1_P)A—@—(M+wz)-§L+w1sH=0

© (1-pA+w Sy = @"‘ (1 + wy)S;,

= (=P g = S
R e

o A2 ((1—p)(uB11;2§7:1<:)(L)2;<:);(pA+wzsL)) = (unBl + A + w3))S,
o A2 ((1—?)(#511:2?:;:)(;)3::)1(PA+w25L)) = (unBol + A + )5S,

& 12 (1= p) (AT + A + @1)) + 03 (PA + 0,5,)) = (umal + A + @2)) (Bl + A + ©))S,
& Nwyw;S, + N (1= p)(Bul + A+ 1)) + w:pA) = S, ((unfal +

M (BT + A+ 1)) + Ay (ufs] + M) + Ny,

& 22 (1= p)(upa] + A + @) + wipA) = S, ((unpal + M) (upal +

A+ 1) + Ay (uBy] + A,u)) + AW 0,5, — Nw,w,S,

& (1= p) @il + M) + 01 (1 = A+ wipA) = S, ((@mpal +

A (B + A + 1)) + Aoy (upy ] + Au))

S — Az(ﬂ(l_p)(ﬁ11+A)+w1A) (4 I)
L™ (unBa+aw) (uBr 1+ A(u+ 1)) +Aw, (B I+ A1) '

SKRIPSI ANALISISKESTABILAN DAN... ANISA PUSPITASARI



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA
Lampiran 4-4

Persamaan (4.1) disubstitusikan kedalam persamaan (4.k) sehingga diperoleh :

_ _A@A+w,SL)
7 upi A+ or)
A(p A4 szz(u(l—p)(ﬁ1I+A)+w1A))
(=14 SH = b

uB1I+A(u+wy)

dengan b = (unByl + M) (uBil + Al + wy)) + Aw, (uBy 1 + Aw), maka

_ bpAZ 4w A3 (u(1-p)(B1I+ M)+ w1 A)

S = b(uB1I+A(u+w,))
oS = bpAZ+w, A3 (u(1—p)(B1I+A))+w; wy A*
B b(uB1I+A(u+w,))
o = A2 ((unBal+ AW (U1 I+AGu+w1)) +Awo (B I+AR) )+ w2 A3 (k(1-P)(B1I+A))+ w1 o A
o b(uBrI+A(u+w1))
oS = PAZ (un B I+ AW) (UB1I1+A(U+w1)) +PA3 0o (UB1 T+ AR)+ w2 A3 (u(1-p) (B11+A)) + w1 wp A*
L b(upI+A(u+ws))
oS = PAZ (un Bl +AW) (UB1 I+ AU+ 1)) +ppwo A3 (B1I+A) +u(1=p) wo A3 (B +A) + w1 wy A*
L b(upI+A(u+wy))
oS = PA% (un B I+AW) (UB1 I+ A+ 1))+ 02 A3 (UBy I+AR) + w1 wa A*
"= b(up1I+A(u+w1))
oS = PAZ (un By I+ Aw) (U1 I+ A(u+w1))+wo A3 (uB I+ Au+Aw,)
B b(up1I+A(u+w,))
&S, = PAZ (un B+ AW) (UB1I+A(U+w1)) +wo A3 (U1 I+A(U+w1))
"= b(uB1I+A(u+wy))
oS = (PAZ(un B 1+ M)+ w2 A3) (UB1 I+ A(utw1))
"= b(up1I+A(u+w1))
oS, = AZ(#p(n[>’1;+A)+sz)
2
o Sy = A (up(MB1I+N)+Aw) (4.m)

unBrI+Aw) (uB1 I+ A(u+w1))+Awy (uB1I+AW)
Dengan mensubstitusikan persamaan (4.h), (4.j), (4.1), dan (4.m) ke persamaan (4.c)

diperoleh uraian sebagai berikut :

=0

Wbl sy y Welk | MBS (4 6+ p)] = 0

%1(51(3}1 +1S.) + B2R + ﬁ:«:Tj) =W+o+pl

Bu(Sy +nS1) + BoR + BsTy = 2202 (4.n)
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Misalkan,

my = B1(Su +1SL)

2 = B2R + B3T;j

m, dan m, diatas dapat diuraikan sebagai berikut :

my = B1(Sy +nS.)

A% (upMB1I+A)+Aw,)
= =
my = By ((#nﬁll +AW) (1B I+ AU+ 1)) +Aw, (U1 I1+Aw)

NA%(u(1-p)(B1I+A)+w,A) )
(un P11+ AW (UB1I1+A(u+w1)) +Aw, (B I+AR)

om =B (A2(up(nﬁll+A)+sz)+nA2(u(l—p)(ﬁ11+A)+w1A))
1 L\ (unBat+Aw) (uBrI+A(u+w1)) +Aw, (UB1 I1+AW)

N _ 2 upnﬁ11+upA+sz+17u(1—p)ﬁ11+nu(1—p)A+nw1A>
my =B 1A( (Bl + D) (aB1I+ Aat ) +Awg (BT + )

o m. = B.A2 MBI+ Au(p+1(1-p)) +A(M W1 +w2) )
my = Fi ((ﬂnﬁlI+Aﬂ)(ﬂﬁ11+A(ﬂ+w1))+sz(ﬂﬁ11+Au)

o m = B10Znup1+B1 A2 (Ap(p+1(1-p)) + Al w1 +02))
L7 (unByt+Aw) (B I+ Autw1)) +Aw, (uB1 1+AW)

Misalkan = f;A? (A,u(p +17(1—p)) + A(nw; + a)z)) , maka diperoleh m,

sebagai berikut :

— BiA*nuBil+v
(un B1I+AR) (uB1I+A(u+w1)) +Awz (B I+AR)

my = PR + B3T;

my

A(1T j(utaz+y2)+v2(qol+a, T ) +pl(u+az+v2))

e m, = + B.T:
2= B2 u(taz+y2)(B21+A) BsT,

om, = ﬁzA(Tj(Vlli'l'h“z+V1V2+“1V2)+Y2q0'1+P1(#+az+Y2))+B3lei(#+a2+Y2)(521+A)
2 u(u+az+y2) (B21+0)

_ Tj(ﬁzA(V1#+)’1a2+V1V2+a1V2)+ﬂ3#(H+a2+V2)(321+A)) ﬁzA(Y2q01+P1(M+az +)/z))
u(ptaz+y2)(B2l+A) pu(utaz+yz)(B21+A)

e m,

o m, = Acl((p+y2) A—@)+ay) (B2Ay1p+Y1 @2 +Y1 Vo + A1 V2) + Bap(p+az +12) (B21+4)) n
2 u[(uB3I+A(u+y1))(u+az +y2)+Aas (u+y2)|(u+az +v2) (B2 I+A)

B2A(v2q01+pl(u+az+y2))
uu+az+y2)(B21+40)

Misalkan :
n=W+y)A-—q)+a;
Ny, =y +y10; +y1y2 + a1y
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ny=put+ta;+y;
Sehingga m, dapat dituliskan sebagai berikut :

m, = AcIng(BaAny +B3uns(Ba1+A)) B2A(y2qol+ping)
2 u[(uBsI+A(u+y1))ns+Aaq (u+y2)|ns (B21+A) unz(B21+A)
o m, = Aolnl(ﬁzA‘n2+,83un3(,821+A))+ﬁ2A(y2q01+p1n3)[n3(uB3I+A(u+yl))+Aa1(u+y2)]
2 plns (uBsI+A(u+ys)) +Aas (u+y)|ns (B 1+A)
o m, = A2on1B2n21+Aon1B3un31(,821+A)+ﬁ2A(y2q01+p1n3)[n3(uB3I+A(u+yl))+Aa1(u+y2)]
5 =

unz[nz(uBsl+A(u+y1))+Aa; (u+y2)|(B21+A)

Persamaan (4.n) dapat dituliskan menjadi berikut :

B1(Sy +nS.) + BoR + BsT; =

A(pta+p)

A(u+o+p)

(= m1 + mz = (40)

Misalkan m, + m, diuraikan sebagai berikut :

BiA*nuBil+v +
(un B I+Aw) (uB1 1+ A(u+w1))+Awy (uB1I1+Ap)

m1+m2:

A%on, Bynal+Aong Bz unzl (BoI+A)+B2A(v2qol+pIng)[na(uBzl+A(u+y:))+Aas (u+y2)]
unz|ng(uBsI+A(u+y1))+Aa; (u+y2)|(B21+A)

eomp+m, =

(B1A’nupB1I+v)unz[ns (B I+ A(u+y1))+Aa; (u+y2)|(B2I+A)
((un BT+ AW (uB1I+A(u+w1))+Awz (U1 I+ AW)) pnz [ns (uBsI+A(u+y1))+Aas (u+y2) ]| (B21+A)

A2ony BonpI[(un BrI+A) (uB1I+A(u+w1))+Awy (uB11+Aw)]
((#nﬁll +AW) (B I+ A(p+ 1)) +Aw, (uP1] +Au))un3[n3 (uB3I+A(u+y1)) +Aas (uty2)|(B2I+A)

Aany Bz ungl(Bo1+M)[(unB1I+Apw) (uB1I1+A(u+wy))+Aw, (1B 1+Aw)]
(CunBa1+ A (1B I+ A+ 1)) +Awy (1B T+A) )i [na (B3I +Au+yD))+Aas (u+y2)| (B2 1+A)

[(un B 1+Aw) (uB11+A(u+w1))+Awz (uB1 1+ AW (B2 Aly2qol+pIng)[ns (uBsl+A(u+y1))+Aa; (u+y,)])
((un 11+ AW (LB I+ AU+ w 1)) +Awa (U1 I+ AW unz [ns (uBaI+A(u+y1))+Ads (u+y2) | (B21+A)

L= mq + my, =
T1+T2+T3+T4
((un P11+ AW (B I+A(u+w 1)) +Awy (U1 I+ AW)) unz [ng (uBsI+A(u+y1))+Aas (u+y2)|(B21+A)

dengan

rn= A20711,32712,312/«‘27713 + (Aon fony fru?n + Aony fon, fruwsn +
Nonfony fip? + Aony fony fruw)? + (A*on fonyp® +

A*ony Bonpuwy + Atony fonopuw;)l
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T = A0711.33713.32.312#‘37714 + (A?ony Banz B fri®n + A2ony Bans o B’ wen +

A2on B3na B Bip® + Aoy BansfoPiti’ w, + Aon Bana By *in)I® +
(NpPony Bnsf; + NpPwion fznsfy + A uwyon fangfp +
Nonyfznzfip’n + Aony fznzfip?win + Aony fznafip® +
Nonyfanzfip?wr)I? + (A pony fang + AuPwiong fang +

A*pPwyony fzng)l

13 = N2B3ns By 1013 + (A3“1V2n3ﬁ2/312l1277 + Aayny BB, 130 +

Nying®BofauPn + Nng? B’ 10 + A3ng? By 1Bn + ng? By fauv ) 12 +
(A*ayyanaPiu?n + AainaBi’i®n + Aying®Bi*u®n + Ang?B,°un +
Aayy,n3Bouv + Aaynz By + Aying® Bouv + Ang? Bop®v +
Ang?B3p?v)l + (N2ayy nguv + Naynap®v + A2y ng?uv + A2ns?uv)

Ty = (Aﬁzﬁ12:337l)’2n3ﬂ3q0 + A1321312ﬁ377"32ll3.0)14 + (Aﬁlzamyzzuzqa +

SKRIPSI

ABy* a1y qo + ARy *yinyanspqo + ABy *nyanauqo +
AB1Bsnyansi®qo + ARy Banyanap®w qo + ARy ayny,nspp +

A *ammap®p + APy *yamna®u?p + Ay *nnapp + APy Banns®up +

AB B3z pPw p + APy Bsyansi’qo + APy Bsyansu’w,qo +
AB1Bsnz?u3p + APy Banz®uPw,p)ABL I + (A2ay Biny,* P qo +

Na iy’ nwiqo + Nay By p’qo + A ay finyau’wiqo +
Ny1 iy nsp®qo + A2y finyanspw,qo + A2 Biny;nsp’qo +

N Binynsi’wiqo + A ay By nap®p + Nayfinyanspwp +
Nayfimnsp®p + N ay fyqmap’wip + Ay fry,°u?qo +

Ny Bry,* uw,qo + N ay Bry,u° qo + Nay fip?y,waq0 +

N Bimyans®u?p + N Bimyins®pwip + A2 Bimms?u’p + A Byms® pPwyp +
N?y1B1yansp?qo + Ay1f1yanspw,qo + A2 Bryanspu’qo +

N2 Bryonzp’w,qo + N Bsyonzp’qo + A By nsp’w,qo +

N B3y nap?wyqo + N ay fryanap’p + N ayfrynapuw,p + Aagfingu’p +
Naifingi®wap + N Brying®u?p + A Bryinz?pw,p + A Binz*up +

N Binz? P wap + N B3nz? 1P p + N Bans? P wip + A Bans®u? wop) ABy 1% +

(@172%1%q0 + a1, 1w1q0 + a1y, uw,qo + ayy,p3qo + agy,p*wqo +
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QY242 W2q0 + Y1Y2n3 > qo + ¥1Y2N3lhw1q0 + V1VaNspw,qo +
V23’ qo + Yansp? w1qo + yona i w,qo + ary,nap’p + agyansuwsp +
QY23 pw2p + aynap’p + agnsputwip + aynaptw,p + yins*ulp +
Vins?uwip + yinz?pw,p + ng? 1 p + ng?uPwip + ng?ptw,p) B AN

Sehingga persamaan (4.0) dapat diuraikan sebagai berikut :

A(u+o+
ml + m2 — (H'—p)
PN r1+1r+13474 __ Auta+tp)
(un B+ AW (B I+A(u+w 1)) +Awz (U1 I+ AR pns s (uBs+A(u+y1)) +Aas (u+y2)](B21+A) I
r1+7'2+r3+r4

@ —
((un I+ AW (1 I+A(u+ 1)) +Awz (U1 I+ AW)) unz [ng (uBz I+ A(u+y1))+Aas (u+y2)|(B21+A)
Alutot+p) _ 0

U

ury+ra+rs +r4)—A(u+U+6+p)((,u11,811+Au)(uﬁ1I+A(u+w1))+A(u2(,u[?11+A,u)),un3[n3 (uBsI+A(u+y))+Aay (u+y2)](B21+A) -0
((unﬁlI+A#)(#311+A(u+w1))+sz(uB1I+Au))un3 [n3(uBsI+A(u+y))+Aay (u+v2)|(B21+A)

((unﬁllﬂ\u)(u[f’11+/\(u+w1))+/\wz(uﬁ11+/\u))un3[n3(Mﬁ31+A(u+V1))+Aa1(u+yz)](ﬁ21+/\) B

U(r{+ry+r3+414)—175 (4 p)

dengan,

75 = ABy B Banma®utsI* + (Bi2 Brainyanap®s + By’ Boasmnap®s + By * Bonyinau®s + By BomnaPuts +
Bi2Banna?uts + BiBoBanna?uts + BiBaBanna® it wis + i Bansuts + BiPaBans’utw,s) AP +

(B2 aunyanap®s + B’ axnnapts + By Brarnyana®s + BiBrasnyanap’wys + By Braynauts +
BiBaainmapdwss + B inyinguds + Bl uts + BiBanyina s + BiBayinma’utwys + By fonna®uts +
BiBanns? i wis + By fanns®uts + B1f3nma? il wis + Bifraryanapt®s + Bifraryansu’ wys + fifrarnapts +
B1B2a1yanspi’ was + B1fanz?1yss + Bifryins® niw,ys + Bifans®uts + Pifanz’ud was + Bifang’uts +
BiBans® P w,s + Pofans®uts + Pofans’plwys + ﬁ2ﬂ3n32y3wzs)A312 + (a1 finyansu’s +

a1 BNy nzi’ ;s + ay finnauts + a fina il wis + Binying®uds + Binying®utws + Pinnguts +
Binns® i wis + aifryansu’s + @y fryanai’ was + @y fingputs + arfinspdwys + ay foyanap’s +

a1 B2V s> wiS + a1 Br¥ M3l o5 + y fonspts + ayfons i wis + ay fonapPwys + Bryinguds +
Biyins®uwys + BingPuts + Ping®uiwys + Byinat s + fryins®uiwis + Payins®ulwys + fong’uts +
Bons®udwys + Bong? P wys + Banz®uts + Banz®ulws + Pang? P wy )N + Ms(ayyonsp® + agyansulo; +
aryonap’w, + anap® + anapPe; + anapw, + st + vt e, +ying?pte, + ng?ut +n? e, +

n32u3w2)
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s=ut+o+p
Berdasarkan persamaan (4.p) dapat diketahui bahwa ((,unﬁll + Au)(uﬁll +

A+ w1)) + Aw, (Pl + Aﬂ)) unz[ns(upsl + Al +v1)) + Aoy (u +

yz)](ﬁzl + A) > 0 maka diperoleh persamaan sebagai berikut :
uri+r+ry+n)—1r=0 (4.9)
Persamaan (4.q) apabila diuraikan, dapat diperoleh persamaan polinomial berikut:
B.I** + B,I*® + ByI** + B,I* + Bs = 0 (4.r)
dengan

By = =By BoPanmau®(qo + pu + ay +v2)

By = Nonypi® By fznz (u(Ban + P11 + B2) + P2(win + w2)) +
N2y Bop®n(omany, + Banap) + APy B (v2q0 + na(p —
S))(ﬁﬂ?(“ﬂ’z + ap +yinz + ngp) + Pans(p + nw, + @+ wy)) —
Azﬁ1zﬁ3fln32.u45

By = A°fp? (U,anﬂlz + Banzu(on, — n35))(77(ﬂ +wy) +pu+wy) +
N B B3nz(qoy, +n3(p — ) + on) (U + wy + wy) + A3.32l42(qUY2 +
n3(p = 5))(@1B1 (Y24 + Y201 + NP + U@y + Vol + Y0z + pP +
pw2) + fins(Myp + Ny1ws + N’ 4 pwy + Y1+ vi0, + 0P+
llwz)) + A3ﬁ12n3,u377(32 - 5)(“1()/2 +u) +n3(y; + .U)) +
n32Ba (N By 1P + B,v)

B, = #2 [A4(0n1(,82n2 + Bsngp) + ,32()/2610 +n3(p — S))(al()/z +u) +
nz(y: + #)) - 337132#5)(# + w; + wy) + Ang ((A3312#77 + Bov —
A3.315(H +w, +n(u+ w1))) (051(]/2 +u) +n3(y; + H)) + An32,83u2v>]

Bs = N*nzp®(aqy; + aip + ying + ) (v — A3s(u + 01 + w,))
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Berdasarkan sifat polinomial berderajat empat, persamaan (4.r) memiliki satu akar
positif jika perkalian semua akarnya kurang dari nol. Misalkan akar-akar dari

persamaan (4.r) adalah I,,1,,15, dan I,, sedangkan perkalian akar-akar dari

persamaan (4.r) adalah %. Jelas bahwa B; < 0 karena semua parameter bernilai
1

positif, sehingga akan ditentukan syarat agar B; > 0 yaitu sebagai berikut :
Bs>0
& Nngp?(ayy, + agp + ying + ngp) (v — As(u+ w;, + 03)) > 0.

Karena semua parameter bernilai positif, jelas bahwa A?ngu?(a;y, + aju +
yinz + nyu) > 0 sehingga didapatkan v — A3s(u + w; + w,) > 0 dan diuraikan

sebagai berikut :
v—As(u+ w; +wy) >0
e v>Ms(u+ w + wy)

< A3ﬂ1(H(P +n(1 - P)) +nwy + wz) > A3(ll +o0+p)(U+ w; + wy)

& 8 (By(ulp +n(1 = p)) +nws + ;) = (+0 + ) + @1 +w3)) > 0
SNButo+p)(u+w; +wy)(Ry—1)>0.

Jelas bahwa A3(u + o + p)(u + w; + w,) > 0 karena semua parameter positif,

sehingga diperoleh syarat yaitu
Ry—1>0
S Ry>1.

Jadi syarat eksistensi untuk [*adalah R, > 1, sehingga titik setimbang endemik

eksis jika dan hanya jika Ry > 1.
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Lampiran 5. Analisa Kestabilan Titik Setimbang Non Endemik

Berikut model matematika penyalahgunaan narkoba dengan memperhatikan tipe

perawatan beserta tingkat resiko :

dsy
dt

dsy,

dt

dt

de _
dt

dl _ B1I(Su+nSy) | B2IR + BsIT;
- N N
_ _ BsITy
(1—-q)al S

dt

dR
dt

r —

__ BilSH

=111 + v T + pl —

N

(utay +y)T + a; T = f,

B2IR
N

— (U + w)Sy + WS, = fi

Is
(1 —p)A—nﬁllv—L— (U + wy)S,+ WSy = fo

qol — (u+ ay +y)T + a.T; = fs

—UR = fs

(w+o+pl=f;

(5.2)

(5.b)

(5.0)

(5.d)

(5.e)

(5.f)

Berikut diberikan matriks Jacobian dari model matematika penyalahgunaan

narkoba dengan memperhatikan tipe perawatan beserta tingkat resiko adalah

sebagai berikut:

SKRIPSI

951

oSy
af2
oSy
df3
oSy
0f4
Sy
dfs
oSy
dfe

| 0SH

o
aSy,
9f2
asy
s
aSy,
9fs
asy
s
asy,
9fe
asy,

o

al

f,

aI

ofs

al

ofs

aI

ofs

al

ofs

aI

9h

aTj

of

aT;

9fs

aTj

s

aT;

s

aTj

e

aT;

ANALISISKESTABILAN DAN...

o

T,

of

aT,

ofs

T,

A

aT,

ofs

T,

ofs

aT,

%_

OR

fs

OR

ofs

OR

ofs

OR

ofs

OR

9%
oR |
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Lampiran 5-2
» I S
—“il — i+ wy) o, —’lﬁ% 0 0 0
I S
wq —H—nfl —(U+ wy) —H—n'[j\l L 0 0 0
upi! unpil uBsl uBal
J= A A do = dy A 0 A
I
0 0 (1—q)a—& —%—dz ay 0
0 0 qo ay —ds 0
uB2R upal
0 0 " 2 2o —— -
dengan
di=u+o+p

d=pu+a;+vy;
ds=u+a,+vy,

do = K(B1(SH+NSL)+B2R+B3T;)
9T A

Titik setimbang non endemik dari model matematika penyalahgunaan narkoba

yaitu E, = (SHO,SLO,IO’rijO,TrO'RO) _ ( Alup+wz)  A(p(1-p)+w,) 0’0’0’0).

pptwi+wy)’ plptwi+wz) ’

Berikut ini adalah matriks jacobian di sekitar titik setimbang non endemik (E,) :

— _ Baptor) .
(u+ wy) W, o1t 0 0 0
np1(n(1-p)+wz)
w1 —(,u + (1)2) — W 0 0 0
]EO = 0 ﬁl(#p+w2+n(ﬂ(1_p)+w2)) _ d]_ 0 0 0
Utwi+wsy
0 0 1-q) —d, a 0
0 0 qo a; —d;3 0
0 0 p Yio vz —ud
Misalkan :
dy = p+ wq
ds = p+ w,

d6: ‘U.+(1)1+a)2
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Lampiran 5-3
Dari sini matriks JE, dapat dituliskan sebagai berikut :
_d4 wz _ ﬁl(”5+w2) 0 0 0 T
6
(l)l _d5 _ nﬁl(ﬂ(ti_p)'l'wZ) O O 0
6
]EO — 0 0 Bl(ﬂp+w2+nd(”(1_p)+w2)) _ d1 0 0 0
6
0 0 (1—-q)o —-d, a, 0
0 0 qo a; —d; 0
L 0 0 p 41 Y2 —H

Selanjutnya menentukan nilai eigen dari matriks JE, diatas :

—d w _ Biptw,) 0 0 0]
4 2 e
B1(p(1-p)+wy)
w, —ds — % 0 0 0
det Bi(up+wa+n(u(1-p)+wy)) _
e 0 0 2 d, 0 0 0
0 0 (1-q)o —d, a, O
0 0 qO' al _d3 0
L 0 0 p i vz  —ud
A 0 0 0 0 O
0 4 0 0 0 O
0 04 00 O]f_ 0
0 0042 0O
0 000 42 O
0 0 00 0 A
[—d, -1 w, — Lalpren) 0 0 0
® Cde— 12 0B (u(1-p)+wy) 0 0 0
1 5 de
det 0 0 Bl(up+wz+n;:t(1—p)+wz)) —d, -2 0 0 0 =0
0 0 1-q)o —d, — 4 a, 0
0 0 qo aq —d;— 1 0
0 0 P Y1 Y2 —u— Al
—d,—A W, 0 0
Bi(uptwatn(w-p)+w)) o\, w1 —ds — 4 0 0
( 2 d=2)(u=2| 0  —dy—14 a
0 0 aq —d; — 1
Misalkan :
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—dy,— A AN 0 0
w4 —ds — A 0 0
0 0 —-d, — 4 a,
0 0 aq —d; — 1

det(M) = det (A1 0 )

0 A,

= det(4,) - det(4,)

Lampiran 5-4

= ((—d4 —D(=ds — 1) — w1w2)((—d2 —MD(=d3; —2) — ala’z)

= ((—IJ —w —D(—p—wy— 1) — 0)10)2)((—# —a; =y —AD(—u-—

a, —y, —A) — a1a2)

=[(—u=D(—p—w; =) — w1 (—p — D) + w0, — W, ][(—p —
Vi—ADpu—a—y, =D —a;(—u—y,— 1) + a0, — aya;]

=[(u=—D(pu—w;—w, = D[~ —y1 = D(—p—a, =y, —

D) —ay(—u—vy, — )]

=(u-Dp-w—w, = DA +22u+a; +y1+as +y2) +

U2 4 pay + uys + uys + via + vive + uay + yaq)

Misalkan :

cpo=2uta;+yt+a;+vy;

Cp = PP+ pay + py, + uys Fv1as + viva + uay + v,

maka,

det(M) = (—p = D(—p — w1 — w; = D(A* + 14 + ¢3)

SKRIPSI
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Lampiran 5-5

sehingga,

det(JE, — AI) = 0

(ﬁl(up+wz+n;u(1—p)+wz)) —d, - A) (= — 2) det(M) = 0
6

(Bl(”““’z”g:(l_p)mzn —d; — /1) (=D (u=D(—p—w; —w, = DA +cA+¢;) =0

Dari persamaan diatas, diperoleh nilai eigen sebagai berikut :

(|) ﬁl(ﬂp+w2+77d(ﬂ(1_p)+w2)) _ dl —1=0
6

A, = ﬁ’l(up+wz+nd(5(1—p)+wz)) —d,

_ Bi(up+wz+n(u(1-p)+w,))
[,L+(IJ1+(JJ2

—(u+o+p)
(i) —u—21=0
Ay = —u

(i) —-u—21=0

A3 = —u
(ivy —u—w;—w,—4A=0

Ay =—p—w;—wy
serta sisanya adalah persamaan karakteristik berikut :
AZ + Cll + Cy, = 0 (59)

Titik setimbang non endemik stabil asimtotis jika dan hanya jika Re(4;) < 0.

Pada persamaan (ii),(iii) dan (iv) jelas bahwa A4,,15,1, < 0 karena semua
parameter bernilai positif. Berdasarkan kriteria Routh-Hurwitz, persamaan (5.9)
mempunyai akar-akar dengan bagian real negatif jika dan hanya jika c; > 0 dan

cy, > 0.

. c=2ut+a,+y;+a,+vy,
Jelas bahwa c; > 0 karena semua parameter bernilai positif

i,y = p? o pay +uyy +uys Fvias +vave +pag +ya
Jelas bahwa c, > 0 karena semua parameter bernilai positif.
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Lampiran 5-6

Berdasarkan i dan ii diatas maka dapat disimpulkan bahwa persamaan karakteristik

(5.g) memiliki akar-akar dengan bagian real negatif.

Sebelumnya diperoleh A, = PrluptwrtnuQ-p)ras) (u+ 0+ 6+ p) . Agar titik

H+wit+ws

setimbang non endemik stabil asimtotis maka :
A <0

o B1(up+wz+n(u(1-p)+wy))
[.L+(JJ1+(L)2

—(u+0o+p)<o0

Bi(up+wa+n(u(1-p)+wy)) 1) <0
(H+wi+wy)(u+o+p)

e p+a+p) (
©SWp+o+p)(Ry—1)<O0

Jelas bahwa u + o + p > 0 sehingga diperoleh syarat sebagai berikut :
Ry—1<0

© Ry <1 (5.h)
Berdasarkan (5.h) diperoleh syarat kestabilan yaitu R, < 1. Jadi, titik setimbang

non endemik stabil asimtotis jika dan hanya jika R, < 1.
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Lampiran 6-1

Lampiran 6. Perhitungan kestabilan titik setimbang endemik

Berikut model matematika penyalahgunaan narkoba dengan memperhatikan tipe

perawatan beserta tingkat resiko :

dt

ds IS
_HZPA_MTH— (U + wy)Sy + w8, = fi

B — (1 —p)A —BBLL (4 4 0,))S, + 01y = f,

dt A

ﬂ — up11(Sg+nSL) uB2IR /L,Bngj _ _

atc A Tt (w+o+p)l=fs
—L=0-qQol -——-Qu+a+y)Tj+al =f,

dt

dR
dt

=viTj +v. T + pl ——

dary
—~=qol —(u+tay, +y )T + 4 Tj = fs

B2IR
“_Z—HR=f6

(6.a)

(6.b)

(6.c)

(6.d)

(6.e)

(6.7)

Berikutdiberikanmatriks Jacobian daripersamaan (6.a) — (6.f) sebagaiberikut :

2RI
oSy 0SL
Oh 0k
oSy 0Sy,
Ofs 9
oSy 0SS
J=on o
oSy 0Sy,
Ofs s
oSy 0SL
Ofs e
| 0Sy  0SL
— BI
w1
1Bl
] = A
0
0
0
dengan

SKRIPSI

0fi 0 Ofi Oh
al aTj aT;, OR
0f2 0f2 0f2 0f2
a1 aT; 9T, 4R
ofs 0fs 9fs 0fs
al aTj aT;, OR
0fs 0fs O0fs 0fa
a1 aT; 9T, 4R
ofs 0fs Ofs 9fs
al aTj aT;, OR
0fs 0fs 9fs 0fs
o1 aT; 9T, OR]
W, _ HBiSH 0 0
A
_ unpal _ d _ unpiSL 0 0
A 5 A
unpBal HBsl
a do — d; e
T.
0 (1_‘1)0_% _%_dz a
0 qo a, —d;
UB2R
0 - TZ V1 Y2
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di=u+o+p
dy=p+a;+n
dy=p+a;+v;
dy =p+w;

ds = p+ w;

de = w(B11(Sg+nSL)+B2IR+P3IT )
E A

Diberikan titik setimbang endemik (E;) sebagai berikut :

G = A% (up(B11*+A)+Awy)
q =
u((nﬂ11*+A)(uﬁ11*+A(u+w1))+Aw2(B11*+A))
* A% (u(1=p)(B1I* +A)+w1A)

ST =
L #((77.311*+A)(#ﬁ11*+/\(ﬂ+w1))+/\w2(311*"'/\))

. Aol*((uty2)(1-q)+az)
J (B3 I* +A(u+y1)) (u+az +v2)+Aaq (u+y2)

£ _ oI*[q(uBsl" +A(u+y1))+Aa,]
(UB3I* +A(pu+y1)) (u+az+y2)+Aaq (u+y2)

T

R = AT (u+az+y2)+v2(qoT +a; ;") +pI* (u+az+v2))
u(u+az+y2)(B2I"+A) '

Lampiran 6-2

Berikut ini adalah matriks jacobian di sekitar titik setimbang endemik (E,) :

151 =
[ MBA11* —d, W, _ 51A(#I7(ﬂﬁ;’*+1\)+/\wz) 0 0 0
7
W, _unill —d _nﬁlA(u(l—p);ﬁll +A)+wiA) 0 0 0
7
upaI” unpal” Ui t1ptr341s) d uBsI” 0 uBal
A A Arg 1 A A
0 0 (1 - o - MBI Wm)Qo0re) —_pBsl_ g, g, 0
8
0 0 qo aq —d; 0
_ B2(niT"ds+v2(qol"+ayT;")+pI"ds) _uBel”
0 0 PR 71 Y2 ——H
SKRIPS| ANALISISKESTABILAN DAN... ANISA PUSPITASARI




dengan :

IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

d; = (P1" + A)(IJ.31I* + A(u + w1)) + Aw, (B1I" + A)

dg = (uPsl™ + Al +v1))(u + az +v2) + Aay(u + v2).

Selanjutnya menentukan nilai eigen dari matriks g, diatas :

det(J;, —AI) =0

[ upal”
A
W,
UBal”
& det 4
0
0
0
A 0 0 0 O
[o 20 0 0
0 0 A 0 O
0O 0 0 A O
lO 0 0 0 2
0 0 0 0O
wq
upsl’
=Y A
0
0
0
=0.
Misalkan
I*
J’1:—#L11 +d,
_ UPiI"
Y2 ="

SKRIPSI

_d4

Lampiran 6-3
_ BlA(up(nB;I*M)sz) 0 0 0
7
_ nB1A(u(1—p)‘(iB11*+A)+w1A) 0 0 0
7
U(ri+1p4r34ry) d, uBsI” 0 uB2I”
Arg A A
_ _ uBsol*((u+y2)(1-q)+az) _ pBsl*
1-q) 0, v d, a, 0
qG al _d3 0
_ B2(nTj ds+v2(qol" +a1T;")+p1"d3) _HBoI”
da (Bl +1) 141 V2 1
_ B1A(MP(71B(111*+A)+A0)2) 0 0 0
7
_ nﬁlA(u(l—p);B11*+A)+w1A) 0 0 0
7
G harhis ki VIR B HBsI" 0 RB,I"
Arg 1 A A
(1-qo— uﬂsal*((w;/z)(l—q)wz) _ ulifl* —d, -2 @ 0
8
qo aq —d;— A1 0
_ B2 (11T ds+y,(qol" +a,T; ") +pI*d3) Bl
da(Bal"+2) Y1 Y2 a
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Lampiran 6-4

unpiI”
Y3 = Tl +ds
_ Hnpal”
Yo =—1—
— B1A(up(MB1I"+A)+Aw>)

Vs 4

_ NP1 AuA-p)(B1I"+A)+w,A)
6 = 4

_ u(ritratr34ry)
Yo ="
6
_ #3301*(01"')/2)(1—‘2)4'“2)
dg

Vs

_ B2(n1Tj ds+y2(qol" +ay T} )+pl*ds)
? dz(B21*+4)

__ uBsr’
Y10 ==

B3l
Y11 =M_3+d2

A
uB2I

Y12 :TZ
uB2I

Vi3 = j tu

Dengan demikian, det(Jz, — AI) = 0 dapat dituliskan sebagai berikut :

det(J;, —AI) =0

—y; — A W, —Ys 0 0 0
w1 —y3— A4 —Ve 0 0 0
o Y2 Va y; —dy— A Y10 0 Y12 —0
0 0 1-q@)o—ys —yu—4 2%) 0
0 0 qo aq —d;— 1 0
0 0 pP—Ye V1 Y2 —y13—4
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-y — 4 W32 Vs 0
w1 —y3 — 4 —Ye 0
S (yiz—D| » Ya y; —dy— 4 Y10
0 0 1-q@o—ys —yu—4
0 0 qo aq
—y1— 4 w3 Vs 0 0
w1 —y3 — A —Ye 0 0
Y12 0 0 1-q@o—ys —yi1—4 a;
0 0 qo aq —d; — A
0 0 p—Yo V1 Y2
-y — 4 o)
S (Y3 M| dz3 =D (=y11 —D| w1 —y3— 4
Y2 Va

)’10((1 —q)o — %3)((‘3’1 —D(=y; =) - 0)10)2) -

Lampiran 6-5

o O O

a;
_d3 - /1

=0

—Ys
y; —dy— 4

- 3’10‘10((—3’1 - D(=y; - -

= -2 —22(d;+y1 +y3—yy) — Adyy; +

-y — 4 W32 Vs
a| aq w1 —y3— A —Ye
Y2 Va y7 —dy — A
w1w2) - J’12((_3’1 —D(=ys—A) -
A-qQo—-ysg —yi1—4 2%
wlwz) qo aq —d; — A =0
P —Yo V1 V2
—y1—4 W7 —Ys
Untuk |  wq —y; — A4 —Ys diperoleh hasil sebagai berikut :
V2 Va y; —di— A
—y1—4 ) Vs
w1 —y3— A —Ye
V2 Va y;—d;y— 4

d1ys + y1Y3 + YaVe + 0105 + Y2 Y5 — Y1Y7 —
V3Y7) — (d1y1Y3 — Y1Y3Y7 + Y1VaVe +

W1WY7 — W1Wody + W1Y4Ys + WYY +

Y2Y3Ys)

SKRIPSI ANALISISKESTABILAN DAN...

ANISA PUSPITASARI



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA
Lampiran 6-6

1-q)o—ys —y;1—4 a3

Sedangkan untuk qo a, —d3 — A| diperoleh hasil sebagai
P =Y V1 V2
berikut :
A-q@o—-ys —yi1—4 az
qo @y —d3 — 2| = 2*(p — y9) + A(py11 + pds + (1 —
P =Y V1 V2

q)oyy + qoYz — YoY11 — Yods — Ygy1) + (1 —
qQoaiy; + (1 —q)oyids — yga ¥, —
Ys¥1ds + qoyzy11 + qoayy; + py11ds —

pa; — Yoy11ds + Yo @y

Sehingga det(Jz, — AI) = 0 dapat dituliskan sebagai berikut :

det(J;, —AI) =0

& (=313 = D ((=ds = D) (321 = D2 = B+ 3+ 3 = y7) -

A(d1y1 + diys + y1Y3 + YaYe + 0102 + ¥2Vs — Y1Y7 — Y3V7) —
(d1Y1Y3 = Y1Y3Y7 + V1YaVe T 0102Y7 — W1 wd; + W1YaYs + W2Y2Ye +

¥23¥5)] = ¥10((1 = )0 = yg) (=31 = D(=y3 = 1) = wy0,)) —
a; (a1[—/13 —A2(dy +y1 +y3 —y7) — Adyys + diys + y1y3 + YaYe +

w1y + Y2Ys — Y1Y7 — Y3Y7) — (d1Y1Y3 — Y1Y3Y7 + Y1VaVe + 01w2Y7 —
W1 Wody + W1Y4Ys + WY2Ve + V2V3Ys)] — J’10q0((—3’1 —D(=ys—21) —

w1w2))) - }’12((—)’1 - D(=yz; =21 - 0)10)2)(12 (p —y9) + A(py11 +

pds + (1 —q)oy, + qoyz — Yo¥11 — Yods — ¥g¥1) + (1 — Q)oayy, + (1 —
CI)UY1d3 — Y@1Yz — Yg¥1ds + qoy2y11 + qoayy, + py11ds — paja; —
Yo¥11d3 + yoayaz) = 0

& 2% + G A% + GoA* + G323 + G A2 + GsA+ Gg =0
Dengan uraian sebagai berikut :

Gi=di+d3+y;3+y1+ys+y11—Y7
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Lampiran 6-7

Gy = d1y13 + d3y13 + Y13Y1 + V13Y3 + V13Y11 — Y13Y7diy1 + diys + Y1Y3 + VaYe +
W Wy + Y2¥s + d1y11 + Y1yi1 + YY1 — YY1 — Y1Y7 — Y3y¥7 — (1 — @)ooy +
YgY10 + dids + d3y; + dsys + d3yi — d3y; — a1, — Y120 + VoY1

Gz = d1y13y1 + d1Y13Y3 + Y13Y1Y3 + Y13VaVe + V130102 + Y13Y2Ys + d1Y13yi1 +
Y13Y1Y11 + Y13Y3¥11 ~ Y13Y7Vi1 — YisV1¥7 — Y13¥3Y7 — (1 = @)0y13y10 +
Y13YsY10 + di1dzy1z + dzyi3ys + d3yi3ys + dzyizyin — dzyizyy + di1y1ys —
Y1Y3Y7 + Y1YaVe + 0102Y7 — 010201 + W1Y4Ys + W2Y2Ve + V2Y3Ys +
di1y1y11 + d1Y3y11 + Y1Y3Y11 + YaYey11 + w102¥11 + Y2YsY11 — Y1V7Y11 —
¥3¥7y11 — (1 = @)oy1y10 — (1 = q)oy3y10 + ¥1¥8Y10 + Y3VeY10 + didsys +
didzys + d3y1y3 + dz3yaye + dzwiwz + dzyzys + dzdiyig +dzyi1yin +
d3ysy11 — dzy7y11 — d3y1y7 — d3y3y; — (1 = q)adzyio + d3ygyio —
[ayazdy + ayazys + a1 a2y3 + a3Y1090 + A1 A2Y13 — A1 A2Y7 + PY11Yi2 +
pdsyiz + (1= q)0y1¥12 + 40Y2Y12 = Yo¥11Y12 — YodsV12 — YeV1V12 +
Y1Y12P + Y3Y12P — Y1YoY12 — Y3YeY12]

Gy = d1Y13Y1Y3 — Y13Y1Y3Y7 + Y13Y1YaVe T Y13W102Y7 — W1W2d Y13 +
Y13W1YaYs + Y13W2Y2Ye + Y13Y2Y3Ys + d1Y13y1Y11 + d1Yi3Y3yi1 +
Y13Y1Y3Y11 t Y13YaYeY11 T Y13W1W2Y11 + Y13Y2Y5Y11 — Y13Y1Y7YV11 —
¥13Y3¥7¥11 — (1 = @)oy13¥1¥10 — (1 — q)0Y13Y3¥10 + Y13Y1Y8Y10 +
Y13Y3YsY10 + d1d3y13y1 + d1dzy13ys + d3y13y1y3 + d3y13Vaye +
d3y13w102 + d3Y13Y2Ys + d3diY13y11 + d3y13yiyi1 + d3yi3Y3yi1 —
d3y13Y7¥11 — d3Y13Y1Y7 — d3y13¥3y7 — (1 — @)odzy13y10 + d3¥13YeYi0 +
d1y1Y3Y11 = Y1Y3Y7Y11 + Y1VaYeY11 + W102Y7¥11 — 01wad1 Y11 +
W1Y4Ys5Y11 T 02Y2Y6V11 T+ ¥2Y3YsV11 — (1 — qQ)0y1Y3Y10 — 0102YgY10 + (1 —
qQ)ow1wzY10 + Y1Y3YsY10 + d1dzy1y3 — dzy1Y3Y7 + dzy1YaYe + dzw1w,y7 —
W1 Wpd1d3 + d3w1YsYs + d3wY2Ve + d3Y2Y3ys + didzyiyig + didzysysg +
d3y1¥3y11 + dzVaYey11 + dzw1wzy11 + d3Y2YsyVi1 — dzy1Y7Y11 —
d3y3y7y11 — (1 — q@)odzy1y10 — (1 — q@)odzyzy10 + d3y1YeV10 + d3YV3VsV10 —
[ayaadiys + a1a,d1 Y3 + @1a2Y1Y3 + Q1Q2YaY6 + A Q0107 + A1X5Y5Y5 +
a2Y1¥1090 + a2Y3Y1090 + @105Y13d1 + 1a2Y13Y1 + A1Q2Y13Y3 +
a2Y13Y1040 — 102Y13Y7 — Q102Y1Y7 — 0102Y3Y7 + (1 — q)oayyayi, + (1 —
q)oy1dzY12 — Yg¥12@1Y2 — Ye¥12¥1ds + q0Y2Y11Y12 + q0QzY1 Y12 +
PY11Y12d3 = Pa102Y12 — Yo¥11Y12d3 + YoV12@1az + (V1¥12 + ¥3¥12) (Py11 +
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pds + (1 —q)oy, + qoy; — Yoyi1 — Yodz — Yg¥1) + V1Y3V12P — W1W2Y120 —
YV1Y3Y12Y9 + ©0102Y5Y12]

Gs = d1Y13Y1Y3Y11 — Y13Y1Y3Y7Y11 T Y13V1VaYeY11 + V130102711 —
w1 W2d1Y13Y11 + Y13W01Y4Y5V11 + Y13W2Y2V6Y11 + Y13Y2Y3YsY11 — (1 —
q)0Y13Y1Y3Y10 ~ Y13W1w02Y8Y10 T (1 — q)0Y130102Y10 + Y13V1Y3V8V10 +
d1d3y13Y1Y3 — d3Y13Y1Y3Y7 + d3Y13V1YaYe + d3Y1301w2Y7 — W1wadidzy 3 +
d3Y13W1Y4Ys + d3Y13W2Y2Ye + d3Y13Y2Y3Ys + d1dzyi3y1y11 +
d1d3y13Y3Y11 + d3Y13Y1YsY11 + d3Y13YaVeV11 + d3y13w1 0211 +
d3Y13Y2Y5Y11 — d3Y13Y1Y7Y11 — d3Y13Y3Y7Y11 — (1 — @)odzy13y1y10 — (1 —
q)0d3y13Y3Y10 + d3Y13Y1Y8V10 + d3Y13Y3Y8V10 T d1d3y1Y3Y11 —
d3y1Y3Y7Y11 + d3Y1YaVeY11 + dzw1w2Y7y11 — w1wadid3ysg +
d3w1Y4Ysy11 + dz3wzY2Yey11 + d3Y2Y3ysyin — (1 — q)odzy1y3y10 —
dzw102Y8y10 + (1 = q)0d301 w210 + d3y1Y3Y8Y10 — [@102d1Y1Y3 —
a10,Y1Y3Y7 + 102Y1Y4Y6 + A100102Y7 — A1 Qw1 W1 + A1 Q01 Y4Ys +
A10202Y2Y6 + A102Y2Y3Y5 + Y10Q2qQ0Y1Y3 + Q1 @2Y13d1Y1 + a102Y13d1Y3 +
@1a2Y13Y1Y3 + A1A2Y13Y4Y6 + A1A2Y13W1 W2 + X1A2Y13Y2Ys5 +
@2Y13Y1Y1090 + A2Y13Y3Y1090 — A2Y131Y1Y7 — X2Y13%1Y3Y7 —
a2Y10q0 W1 Wy + ((1 —q)oary, + (1 — q)oyids — yga1¥, — ysv1ds +
qoy2yi1 + qoayy + py11ds — pai @ — Yoy11dz + Yo @) (V112 + Y3¥12) +
(V1Y3Y12 — W1w02Y12)(py11 + pd3 + (1 — q)oys + qoys — YoY11 — Yods —
Ya¥1)]

Ge = d1d3y13Y1Y3Y11 — d3Y13Y1Y3Y7Y11 T d3Y13Y1YaVeV11 + d3Y1301W2Y7Y11 —
w1wzd1d3y13Y11 + d3Y1301YaYsY11 + d3Y1302Y2VeV11 + d3Y13Y2Y3Y5Y11 —
(1 - q)od3y13Y1Y3Y10 — d3Y130102YeY10 + (1 — @)odzy1301w3Y10 +
d3y13Y1Y3Y8Y10 — [“1“2)’13d13’1)’3 — a1A2Y13Y1Y3Y7 T X102Y13Y1YVaYVe T
a1 A2Y13W1W2Y7 — A1AY13W1 Wody + Q1A Y13W1Y4Y5 + A1 A2Y13W2Y2Ye +
Q1 02Y13Y2Y3Y5 + A2Y13Y1090Y1Y3 — @2Y13Y1090w1 02 + ((1 = Qoayy; +
(1 - q)oy1ds — Ysa1¥2 — Yg¥1dz + qoyzy11 + qoazys + py11ds — pasaz —
Yoy11ds + 3@“1“2)()’1)’33’12 - w1wZY12)]
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Lampiran 7. Perhitungan Indeks Sensitivitas Parameter

Diberikan basic reproduction number (R,) model matematika penyalahgunaan
narkoba dengan memperhatikan tipe perawatan beserta tingkat resiko sebagai
berikut :

p Bi(up + w, + n(u(1 - p) + 1))
T (ptot+puto tw)

Terdapat 9 parameter yang mempengaruhi R, diatas yaitu S;, u, p, w1, w,, 1, 0,6,

dan p. Indeks sensitivitas menurut Chitnis, dkk (2008) dirumuskan sebagai
berikut:

_ <6RO> m
ém = \om/ R,

dengan,
m : parameter yang akan dianalisis
e, . indeks sensitivitas parameter m.

Setelah mendapatkan indeks sensitivitas yang dihitung dengan rumus diatas,
kemudian mensubstitusikan nilai parameter pada Tabel 4.3 kedalam indeks
sensitivitas yang diperoleh. Berikut uraian perhitungan masing-masing indeks

sensitivitas parameter yang telah disebutkan sebelumnya :

1. Untuk parameter S,

e, = (22) 2
B 9B1/ Ro

en — up+wz+n(u(1—p)+w1)) B1

B1 T U (urot+p)(utwi+wy) J Bilup+wa+n(e(-p)+w1)

(ptotp)(utwitwr)

(up+wz+n(u(1—p)+w1)) B1(pto+p)(u+wi+w;)
1

%61 = \"(urorp) (rwrtaw) ) Ba(uprortn(u(—p o)
cn — up+wz+n(u(1—p)+w1)) (u+o+p)(U+tw;+w;)

B (uto+p)(u+twi+wz) J pp+w+n(u(1-p)+wq)
ep, =
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Untuk parameter o
_ 6R0) o
€o = (60 Ry
e — (_ ﬁl(up+wz+n(u(1—p)+w1))) o
T (uto+p)2(utwi+wy) ) Biluptertnw-p+w)
(uto+p)(putwitwz)
e — (_ ﬁl(ﬂp+wz+n(u(1—p)+w1))) o(uto+p)(utwi+wy)
g (u+o+p)? (u+wi+wz) B1(up+wo+n(u(1-p)+wq))
e = — o
T uto+p
0.02827
€y = —
0.02+0.02827+0.0082
0.02827
€y = —
0.05647
e;, = —0.50
Untuk parameter w,
— aRo)ﬂ
ea)z - (a(J)Z Ro
e = ( B1 _ Bl(up+wz+n(u(1—p)+w1))) Wy
@2 (uto+p)(ptwi+w;) (uto+p)(ptwi+w;)? B1(up+watn(n(1-p)+w1))

(u+o+p)(ptwi+wz)

_ (131(#+w1+wz—up—wz—n(u(l—p)+w1))) w,(uto+p)(utw+wy)

2 (u+o+p)(u+wq+wy)? B1(pup+wz+n(u(1-p)+w1))
o :(wz(u+w1+wz—up—wz—17(#(1—p)+w1))(u+0+p)(u+w1+wz))
@2 (u+0+p) (p+w1+w2)? (up+wo +1(u(1-p)+w1))
_0.65(0.87—0.6762064)(0.05647)(0.87)
Cw, = (0.05647)(0.87)2(0.6762064)
ey, = 0.21

Untuk parameter w,

e _ (aRo) w1
w1 T 6(01 Ro

e = ( nB1 _ Bl(up+wz+n(u(1—p)+w1))) w1
w1 (u+o+p)(u+w1+wy) (u+to+p)(u+wi+w,)? B1(up+wa+n(p(1-p)+w1))
(u+o+p)(ptwi+wz)

_ (31(n(u+w1+wz)—up—wz—n(u(l—p)+w1))) w1 (U+0o+p) (U+w;+w))

w1 = (u+o+p)(utwq+wy)? B1(pp+wz+n(u(1-p)+w1))
o _ 01(uto+p) (U1 +05) ((U+ w1 +w2)—pp—wa—n(U(1-p)+w1))
w1 (u+o+p)(utw+w2) 2 (up+w2+n(u(1-p)+w1))
_0.2(0.05647)(0.87)(0.09(0.87)—0.6762064)
€w, = (005647)(0.87)2(0.6762064)
ey, = —0.20
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Untuk parameter p
_ (%Ro) 1
e” - (6u)R0

e _( Bim(-p)+p)  Bi(uptw+nw(1-p)+wy))
# (u+o+p)(u+w,+wz) (u+0+p)(u+w+w)?

Bl(up+wz+n(u(1—p)+w1))) M

(u+o+p)?2(u+wq+wy) B1(up+w+n(u(1-p)+w1))
(u+o+p)(ptwi+wy)

_ ul(1=p)+p) (u+0+p) (u+w1+wz)—(up+wa +n(u(1-p)+w1)) ((u+0+p)+(ut+ w1 +wy))]

L (u+o+p)(utwi+wy) (up+w, +1(U(1-p)+w1))
o o 0:02(0.41032(0.05647)(0.87)-0.6762064(0.05647+0.87)]

n (0.05647)(0.87)(0.6762064)

ey = —-0.37

Untuk parameter p

_ 6R0) p
ep - (6p Ry

o — (_ Bl(up+wz+n(u(1—p)+w1))) p
P (u+o+p)2(p+wi+w,) B1(uptwa+n(u(1-p)+wy))
(Hto+p)(ptwi+wz)
e = (_ ﬁ1(llp+w2+rl(li(1—P)+w1))) p(pu+o+p)(u+wi+wsy)
p (ut+o+p)2(ptwi+wz)  / Br(up+wa+n(u(1-p)+w,))
_ P
= T Gurotp)
0.0082
ep = —
0.05647
e, = —0.15

Untuk parameter n

e =( B1(u(1-p)+wy) ) n

(u+o+p)(u+wi+ws) B1(up+w2+n(u(1-p)+wq))
(uto+p)(Htwi+wz)

e _( B1(u(1-p)+wq) ) n(u+o+p)(U+wi+wy)
n (u+o+p)(utwi+wz)/ Br(up+wz+n(u(1-p)+w;))

_ n(u(1-p)+wq)
T up+w+n(u(1-p)+w,)

_0.09(0.21296)
0.6762064

e, = 0.03
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8. Untuk parameter p

_ 6R0) p
ép = (6p Ro
B1u(1-7m) p

€p = ((#+o’+p)(ﬂ+w1+w2)) B1(kp+w2+n(n(1-p)+w1))
(to+p)(p+wr+wz)

— ( B1u(1-7m) ) p(pu+o+p)(pt+wi+ws;)

€p (u+o+p)(utw +wz)/) Br(up+wo+n(u(1-p)+wy))
0. — pp(1-7)
P pptwr+n(u(1-p)+ws)
0.02(0.352)(1-0.09)
ep =
0.6762064
ep = 0.01
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Lampiran 8. Kode Program Bidang Fase I — T;

1. Kode Program Pendefinisian Model

function xdot=barusimulasinarkoba (t, x)
global p g lambda betal beta2 beta3 mu omegal omega? eta sigma
rho gammal gamma2 alphal alphaZ2;

xdot=zeros (6,1);

xdot (1) =p*lambda-betal*x (3) *x (1) *mu/lambda-
(mutomegal) *x (1) tomegal*x (2) ;

xdot (2)=(1-p) *lambda-eta*betal*x (3) *x (2) *mu/lambda-
(mutomega?l) *x (2) +omegal*x (1) ;

xdot (3)=betal*x (3) * (x (1) +eta*x (2)) *mu/lambda+beta2*x (3) *x (6) *mu
/lambda+betal3*x (3) *x (4) *mu/lambda- (mu+sigma+rho) *x (3) ;
xdot (4)=(1-q) *sigma*x (3) -beta3*x (3) *x (4) *mu/lambda-
(mutalphal+gammal) *x (4) +alpha2*x(5);

xdot (5)=g*sigma*x (3) - (mut+talpha2+gamma?) *x (5) +alphal*x (4) ;
xdot (6)=gammal*x (4) +tgamma2*x (5) +rho*x (3) -

beta2*x (3) *x (6) *mu/lambda-mu*x (6) ;

end

2. Kode Program Utama

clc;
close all;
clear all;

global p g lambda betal beta2 beta3 mu omegal omega? eta
sigma rho gammal gamma? alphal alphaZ2;

p=0.352;
g=0.352;
lambda=5000;
betal=0.3;
beta2=0.15;
beta3=0.1;
mu=0.02;
omegal=0.2;
omega2=0.65;
eta=0.09;
sigma=0.02827;
rho=0.0082;
gammal=0.01;
gammaz2=0.3142;
alphal=0.02961;
alpha2=0.003;

Ro=betal* (eta* (omegal+mu* (1-p) ) +tomegal+mu*p) /
( (mut+tomegal+omega?) * (mutsigma+rho))
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[tl,x1]=0ded5 (Ebarusimulasinarkoba, [0 500], [200 250 100
85 70 601);
[t2,x2]=0ded5 (Rbarusimulasinarkoba, [0 500], [1000 3000

800 600 700 10071);
[t3,x3]=0ded5 (@barusimulasinarkoba, [0 5001, [9000 8000

5000 7000 6000 500]);

plot(x1(:,1),x1(:,3),x2(:,1),x2(:,3),x3(:,1),x3(:,3),"'Li
neWidth',1.5);

xlabel ('Populasi Sh'");

ylabel ('Populasi I');

legend ('Nilai Awal 1', 'Nilai Awal 2','Nilai Awal 3'");
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Lampiran 9. Kode Program Analisis Sensitivitas

clc;
close all;
clear all;

global p mu omegal omega?2 delta rho sigmal sigma2 sigma3 eta;
sigmal=0.002827;

sigma2=0.02827;

sigma3=0.2827;

betal=[0.1 0.8];

p=0.352;
omegal=0.2;
omega2=0.65;
mu=0.02;
eta=0.09;
rho=0.0082;

Rol=betal* (eta* (omegal+mu* (1-
p) ) +tomega2+mu*p) / ( (mu+tomegal+omega?) * (mu+sigmal+rho)) ;
Ro2=betal* (eta* (omegal+mu* (1-
p) ) tomega2+mu*p) / ( (mutomegal+omega?) * (mu+sigma2+rho)) ;
Ro3=betal* (eta* (omegal+mu* (1-
p) ) +tomega2+mu*p) / ( (mu+tomegal+omega?) * (mu+sigma3+rho)) ;

plot (betal,Rol,betal,Ro2,betal,Ro3, 'LineWidth', 2)

xlabel ("\beta 1")

ylabel ('R 0")

legend ('\sigma=0.002827", '\sigma=0.02827", '\sigma=0.2827")
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Lampiran 10. Kode Program Simulasi Model Matematika Penyalahgunaan
Narkoba dengan Memperhatikan Tipe Perawatan beserta Tingkat Resiko

Tanpa Adanya Kontrol

% A MATLAB example described in detail in the technical report

9 29000000000 000000000000000000000000000000000000000000000000000000000 o
] OO0OO0OOO0OO0OOODOOODODOOODODOOODODOODODOODODODOODODOODODODODODODODODODODOODODODODODODODODODODOODODOODODOOODOOODODOO™O ]
% DOTcvp - Dynamic Optimization Toolbox with CVP approach for %

o\
o\

handling continuous and mixed-integer dynamic optimization problems
Copyright (C) 2007-2010
Tomas Hirmajer et al., thirmajer@gmail.com

o°
o

o° o°
o° o

o\
o\°

The DOTcvp toolbox is completely free of charge under the creative
commons license. The conditions of the license can be found on the
following web page:

http://creativecomm .org/licenses/by-nc-nd/3.

o\
o

o° o
o°

°c O
0~
o°

o\
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

o\

clear mex; clear all; close all;

% Initialization:
data.name = 'narkobatanpakontrol';
data.compiler = 'None'; %['None'|'FORTRAN']

data.odes.Def FORTRAN = {}; %this option is needed only for FORTRAN
parameters definition, e.g. {'double precision k10, k20, ..'}
data.odes.parameters = {}; %constant parameters before ODE {'T=300','..}

data.odes.Def MATLAB
parameters definition

{}; %this option is needed only for MATLAB

data.odes.res (1) = {'0.352*5000-0.3*y(3)*y(1)*0.02/5000~-
(0.0240.2) *y (1) +0.65%y (2) '};
data.odes.res (2) = {'"(1-0.352)*5000-

0.09*%0.3*y (3)*y(2)*0.02/5000-(0.02+0.65)*y(2)+0.2*y (1) "};
data.odes.res (3) =
{'0.3*y(3)*(y(1)+0.09%y(2))*0.02/5000+0.15*y (3) *y (6)*0.02/5000+0.1
*y (3)*y(4)*0.02/5000-(0.024+0.02827+0.0082) *y (3) "};

data.odes.res (4) = {'(1-0.352)*0.02827*y (3) -

0.1*y (3)*y(4)*0.02/5000-(0.02+0.02961+0.01) *y (4)+0.003*y(5) "},
data.odes.res (5) = {'0.352%0.02827*y(3) -
(0.02+0.003+0.3142) *y (5)+0.02961*y (4) "};

data.odes.res (6) = {'0.01*y(4)+0.3142*y (5)+0.0082*y (3) -

0.15%y (3) *y (6)*0.02/5000-0.02*%y (6) '};

data.odes.res (7) = {'y(3)"'};

data.odes.black box = {'None','l', '"FunctionName'};
%['None'|'Full'], [penalty coefficient for all constraints], [a
black box model function name]

data.odes.ic = [20000 25000 15000 5000 10000 3000 071;

data.odes.NUMs
state variables (y)

size (data.odes.res,?2); Snumber of

data.odes.tO = 0.0; %initial time
data.odes.tf = 100.0; %final time
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data.odes.NonlinearSolver = 'Newton'; %['Newton']|'Functional']
/Newton for stiff problems; Functional for non-stiff problems
data.odes.LinearSolver = 'Dense'; %direct ['Dense'|'Diag'|'Band'];
iterative ['GMRES'|'BiCGStab'|'TFOMR'] /for the Newton NLS
data.odes.LMM = 'Adams'; %['Adams'|'BDF'] /Adams for
non-stiff problems; BDF for stiff problems

data.odes.MaxNumStep = 500; S%Smaximum number of steps
data.odes.RelTol = 1*10~(-7); $IVP relative tolerance level
data.odes.AbsTol = 1*10~(-7); %$IVP absolute tolerance level
data.sens.SensAbsTol = 1*10"(-7); %absolute tolerance for
sensitivity variables

data.sens.SensMethod = 'Simultaneous’';

%['Staggered'|'Staggeredl'|'Simultaneous']
data.sens.SensErrorControl= 'on'; %$['on'|'off']

data.nlp.RHO = 20; %number of time intervals
data.nlp.problem = 'min'; %['min'|'max']

data.nlp.Jo ="
data.nlp.u0 =
data.nlp.1lb =
data.nlp.ub =
data.nlp.pO =
independent parameters

(7)"'; %cost function: min-max(cost function)
1; %$initial value for control values

1; %$lower bounds for control values

1; %Supper bounds for control values

; %initial values for time-

data.nlp.lbp = []; %lower bounds for time-independent parameters
data.nlp.ubp = []; %upper bounds for time-independent parameters

data.nlp.solver '"FMINCON';

S['"FMINCON'|'IPOPT'|'SRES"' DE'|'"ACOMI' | "MISQP'|'MITS"]
data.nlp.SolverSettings 'None'; %insert the name of the file that
contains settings for NLP solver, if does not exist use ['None']
data.nlp.NLPtol 1*107(=-5); SNLP tolerance level
data.nlp.GradMethod 'SensitivityEqg';
$['SensitivityEq'|'FiniteDifference'|'None']

data.nlp.MaxIter = 1000; S%Maximum number of iterations
data.nlp.MaxCPUTime 60*60*0.50; SMaximum CPU time of the
optimization (60*60%*0.25) 15 minutes

data.nlp.approximation = '"PWC'; S['PWC'|'PWL'] PWL only for:
FMINCON & without the free time problem

data.nlp.FreeTime = 'off'; S['on'|'off'] set 'on' if free
time is considered

data.nlp.t0Time = [data.odes.tf/data.nlp.RHO]; %initial

size of the time intervals, e.g. [data.odes.tf/data.nlp.RHO] or

for the each time interval separately [dtl dt2 dt3]

data.nlp.lbTime = 0.01; %$lower bound of the time intervals
data.nlp.ubTime data.odes.tf; Supper bound of the time intervals
data.nlp.NUMc size (data.nlp.u0,2); S%Snumber of

control variables (u)

data.nlp.NUMi = 0; %number of integer wvariables (u)
taken from the last control variables, if not equal to 0 you need

to use some MINLP solver ['ACOMI'|'MISQP'|'MITS']

data.nlp.NUMp = size(data.nlp.p0,2); S%Snumber of time-
independent parameters (p)
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% Equality constraints (ECs):

data.nlp.eg.status = 'off'; %['on'|'off'] ECs

data.nlp.eqg.NEC = 1; %number of active ECs
data.nlp.eg.eq(l) = {'""};

data.nlp.eqg.time (1) = data.nlp.RHO;

data.nlp.eqg.PenaltyFun = 'off'; S['on'|'off'] ECs penalty function
data.nlp.eq.PenaltyCoe = [1.0];

$J0=J0+data.nlp.eqg.PenaltyCoe*ViolationOfEqualityConstraint /*
only for stochastic solvers */

data.nlp.ineq.status = 'off'; %['on'|'off'] INECs

data.nlp.ineq.NEC = 2; S%Snumber of active INECs

data.nlp.ineqg.InNUM = 1; %how many inequality constraints

are '>' else '<!

data.nlp.ineq.eq(l) = {'""};

data.nlp.ineq.eq(2) = {""};

data.nlp.ineq.Tol = 0.0005; %tolerance level of violation of INECs
data.nlp.ineq.PenaltyFun = 'off'; $['on'|'off'] INECs penalty

function

data.nlp.ineqg.PenaltyCoe = [1.0 1.01;

$J0=J0+data.nlp.ineq.PenaltyCoe*ViolationOfInequalityConstraint /*
for every inequality constraint one parameter */

data.options.intermediate = 'off'; $['on'|'off'|'silent'] display

of the intermediate results

data.options.display = 'on'; %['on'|'off'] display of the figures
data.options.title = 'on'; %['on'|'off'] display of the figure title
data.options.state = 'on'; %['on'|'off'] display of the

state trajectory

data.options.control = 'on'; %['on'|'off'] display of the

control trajectory

data.options.ConvergCurve = 'on'; %['on'|'off'] display of the
convergence curve

data.options.Pict Format = 'eps'; S['eps'|'wmf'|'both'] save figures as
data.options.report = 'on'; %$['on'|'off'] save data in the dat file
data.options.commands = {''}; %additional commands, e.g. 'figure(l),..
data.options.trajectories = data.odes.NUMs-1; %how many state
trajectories will be displayed

data.options.profiler = 'off'; %['on'|'off']

data.options.multistart = 1; %set 1 if the multistart is off,

otherwise you have to put here some integer value

data.options.action = 'single-optimization'; %['single-
optimization'|'re-optimization'|'hybrid-strategy']|'simulation']

[data]=dotcvp main(data);
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Lampiran 11. Kode Program Simulasi Model Matematika Penyalahgunaan
Narkoba dengan Memperhatikan Tipe Perawatan beserta Tingkat Resiko

dengan Adanya Kontrol

o

A MATLAB example described in detail in the technical report

o
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DOTcvp - Dynamic Optimization Toolbox with CVP approach for

handling continuous and mixed-integer dynamic optimization problems
Copyright (C) 2007-2010

Tomas Hirmajer et al., thirmajer@gmail.com

o
o°

o o° oe
o° 0o oe

o\°
o\°

The DOTcvp toolbox is completely free of charge under the creative
commons license. The conditions of the license can be found on the
following web page:

o\°
o\°

o
o

% http://creativecommons.org/licenses/by-nc-nd/3.0/ %
clear mex; clear all; close all;

% Initialization

data.name = 'narkobatanpakontrol';

data.compiler = 'None'; %['None'|'FORTRAN']

% Settings for IVP (ODEs, sensitivities)

data.odes.Def FORTRAN = {}; %this option is needed only for FORTRAN
parameters definition, e.g. {'double precision k10, k20, ..'}
data.odes.parameters = {}; S%Sconstant parameters before ODE {'T=300",
data.odes.Def MATLAB = {}; %this option is needed only for MATLAB
parameters definition

data.odes.res (1) = {'0.352*5000-(1-
u(l))*0.3*y(3)*y(1)*0.02/5000-(0.02+0.2)*y (1)+0.65*y (2)'};

data.odes.res (2) = {'"(1-0.352)*5000-(1-

u(l))*0.09*0.3*y(3) *y(2)*0.02/5000-(0.02+0.65) *y (2)+0.2*y (1) '};
data.odes.res (3) = {(1-

u(l))*'0.3*y(3)*(y(1)+0.09*y(2))*0.02/5000+0. 15* (3)*y(6)*0.02/500
0+0.1*y(3)*y(4)*0.02/5000-(0.02+0.02827+0.0082) *y(3)"'};
data.odes.res (4) = {'(1-0.352)*0.02827*y (3) -
0.1*y(3)*y(4)*0.02/5000-(0.02+0.02961+0.01) *y(4)+0.003*y(5)"};
data.odes.res (5) = {'0.352*%0.02827*y(3) -
(0.02+0.003+0.3142) *y(5)+0.02961*y (4) "};

data.odes.res (6) = {'0.01*y(4)+0.3142*y (5)+0.0082*y (3) -
0.15*y(3) *y(6)*0.02/5000-0.02*y (6) '};

data.odes.res (7) = {'y(3) +0.5%10* (u(1l)"2)"'};
data.odes.black box = {'None','1','FunctlonName }s
$['None'|'Full'], [penalty coefficient for all constraints], [a
black box model function name]

data.odes.ic = [20000 25000 15000 5000 10000 3000 0Q1;

data.odes.NUMs
state variables (y)

size(data.odes.res,2); %S$number of

data.odes.tO = 0.0; %initial time
data.odes.tf = 100.0; %S$final time
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data.odes.NonlinearSolver
/Newton for stiff problems;
data.odes.LinearSolver
iterative
data.odes.
non-stiff
data.odes.
data.odes.
data.odes.AbsTol

data.sens.SensAbsTol
sensitivity variables
data.sens.SensMethod
%['Staggered'|'Staggeredl' |
data.sens.SensErrorControl=

BDF for

LMM
problems;
MaxNumStep
RelTol

.problem

.J0

.u0

.1b

.ub
data.nlp.pO
independent parameters
data.nlp.lbp
data.nlp.ubp
data.nlp.solver
S["FMINCON'|'"IPOPT' | 'SRES'

['GMRES' | 'BiCGStab'| 'TFQOMR' ]

Lampiran 11-2

'Newton'; %['Newton'|'Functional']
Functional for non-stiff problems
'Dense'; Sdirect ['Dense'|'Diag'|'Band'];
/for the Newton NLS

'Adams'; %$['Adams'|'BDF'] /Adams for
stiff problems

= 500; %Smaximum number of steps
1*10"(=7); %IVP relative tolerance level
1*10"(=7); SIVP absolute tolerance level
1*10"(-7); %absolute tolerance for
'Simultaneous’';
Simultaneous']
'on'; $['on'|'off']
20; %Snumber of time intervals
'min'; %['min'|'max']
'y (7)"'; %cost function: min-max (cost function)
[0]; %initial wvalue for control wvalues
[0]; %lower bounds for control values
[1]; Supper bounds for control values
[1; %initial values for time-

[1; %$lower bounds for time-independent parameters
[1; Supper bounds for time-independent parameters
'"FMINCON' ;

DE'|"ACOMI'|"MISQP'|'MITS"']

data.nlp.SolverSettings 'None'; %$insert the name of the file that
contains settings for NLP solver, if does not exist use ['None']
data.nlp.NLPtol = 1*10"(=-5); SNLP tolerance level

data.nlp.GradMethod

'SensitivityEq';

3['SensitivityEqg'|'FiniteDifference']| 'None']

data.nlp.MaxIter
data.nlp.MaxCPUTime
optimization (60*60*0.25)
data.nlp.approximation

1000; %Maximum number of iterations
60*60*0.50; %Maximum CPU time of the
15 minutes

FMINCON & without the free time problem

data.nlp.FreeTime
time is considered
data.nlp.t0Time
size of the time intervals,

for the each time interval separately
= 0.01;

data.nlp.lbTime
data.nlp.ubTime
data.nlp.NUMc
control variables
data.nlp.NUMi

(u)

taken from the last control variables,
["ACOMI'" | "MISQP' | 'MITS']

to use some MINLP solver
data.nlp.NUMp
independent parameters

(p)

SKRIPSI
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'PWC'; S['PWC'|'PWL'] PWL only for:
'off'; S['on'|'off'] set 'on' if free
[data.odes.tf/data.nlp.RHO]; %initial

[data.odes.tf/data.nlp.RHO]
[dtl dt2 dt3]

%$lower bound of the time intervals
data.odes.tf; Supper bound of the time intervals
size(data.nlp.u0,2); %number of

e.g. or

0; S%Snumber of

if

integer variables (u)
not equal to 0 you need

size(data.nlp.p0,2); %number of time-
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% Equality constraints (ECs):

o

data.nlp.eqg.status = 'off'; S['on'|'off'] ECs

data.nlp.eq.NEC = 1; S%Snumber of active ECs
data.nlp.eqg.eqg(l) = {'"};

data.nlp.eqg.time (1) = data.nlp.RHO;

data.nlp.eq.PenaltyFun = 'off'; %['on'|'off'] ECs penalty function
data.nlp.eq.PenaltyCoe = [1.0];

$J0=J0+data.nlp.eq.PenaltyCoe*ViolationOfEqualityConstraint /*
only for stochastic solvers */

data.nlp.ineqg.status = 'off'; S['on'|'off'] INECs

data.nlp.ineqg.NEC = 2; S%number of active INECs

data.nlp.ineqg.InNUM = 1; %$how many inequality constraints

are '>' else '<!

data.nlp.ineq.eq (1) = {""};

data.nlp.ineqg.eq(2) = {'"};

data.nlp.ineq.Tol = 0.0005; %tolerance level of violation of INECs
data.nlp.ineqg.PenaltyFun = 'off'; %['on'|'off'] INECs penalty

function

data.nlp.ineq.PenaltyCoe = [1.0 1.0];

%$J0=J0+data.nlp.ineqg.PenaltyCoe*ViolationOfInequalityConstraint /*
for every inequality constraint one parameter */

data.options.intermediate = 'off'; %['on'|'off'|'silent'] display

of the intermediate results

data.options.display = 'on'; S$['on'|'off'] display of the figures
data.options.title = 'on'; $['on'|'off'] display of the figure title
data.options.state = 'on'; S['on'|'off'] display of the

state trajectory

data.options.control = 'on'; S['on'|'off'] display of the

control trajectory

data.options.ConvergCurve = 'on'; %['on'|'off'] display of the
convergence curve

data.options.Pict Format = 'eps'; S['eps'|'wmf'|'both'] save figures as
data.options.report = 'on'; %['on'|'off'] save data in the dat file
data.options.commands = {''}; %additional commands, e.g. 'figure(l),..
data.options.trajectories = data.odes.NUMs-1; %Show many state
trajectories will be displayed

data.options.profiler = 'off'; %['on'|'off"']

data.options.multistart = 1; %$set 1 if the multistart is off,

otherwise you have to put here some integer value

data.options.action = 'single-optimization'; %['single-
optimization'|'re-optimization'|'hybrid-strategy'|'simulation']
% Call of the main function (you do not change this!):

[data]=dotcvp main(data);
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