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LAMPIRAN

LAMPIRAN 1. Mendapatkan titik kesetimbangan V pada Persamaan (4.14)

QV+Q, )

L LA T R L S—
w2 (Q3V2+Q4V+Qs OV +mu( )+

m, V+m3 +my

((m1m2 Q3 +ﬂlﬂ6)V3 +(Qlﬂ7 +‘Q'2‘0'6 +mim, Q4)V2 +(m1m29.5 +.Q.2 Q7)V
(QgV+Q9)(Q3VZ2+Q,V+05)

)=20
1
(Q3V2+Q,V+Q5)(myV+ms+my,) (QgV+Qg)
my) (QoV + Qg) + mymy (Q3VZ + Q,V + Q5) (QgV + Qo) — SV (Q3V2 + Q,V +
Q5)(myV + mg + my) (QoV+Vg) + (yQ1Q6V3 + yQ,Q,V2 + yQ,QV2 +
Y0, V)M,V + my + my) + ymymyV(Q3V2 + QuV + Q) (m,V + my +

m4)) =0

((qu,')WZV + Q,pw,)(m,V + mg +

1
(Qg V2 +Q4V+Qs)(mz V+m3 +m4)(ﬂgv+ﬂs)

Kalikan kedua ruas dengan diperoleh,

((QrpwW,V + QW) (MV + my + my) (QeV + Qg) + mymy (Q3V2 + Q,V +
Q)(QgV + Qo) — V(Q3V2 + QuV + Q) (m,V + mg + my) (QoV+Vg) +
GQV3 + 70,0,V + yQ0,0.V? + yQ,Q0,V)(m,V + msy + my) +
ymamyV(QsV2 + QuV + Q) (m,V + mg +my)) =0

—8myQ5Q8V° + (Yymy(mym, Q5 + Q,Q¢) — 8(Qg(MyQy + m3Qs + myQs) +
myQ3Q) )V + (y(my(myms Qs + mym,Qs + 04Q; + 0,00 + mym,Q,) +
Q106(mg +my)) + mymyQsQg + mypw, 0y Qg — 5(Qg (M Q5 + myQ,y +
maQy) + Qo(MmaQy + m3Qs + myQ3)) V3 + (y(mz (m;msQy + mym,Q, +
Q,Q; + mym,Q5) + (m3 + my)(QQ; + Q,00)) + mymy(Q3Q0 + Q,Q8) +
dw; (M Q1 Qg + My Q, Qg + M3y Qg + myQyQg) — 85(Qg(M3Qs + My Qs) +

Qo(Mmy,Qs + m3Qy + m4ﬂ4))) v+ (y(mz(mlmgﬂS +mym,Qs) +

o L+ my)) + mymy (QuQ0 + Q5Qg) + pwy (M Q00 + m3Qy Qo +
o D

| L a0 + ma0,00) — 8(Q500) (m + M) )V + madw, Q2,0 +

2.0.9 + m1m49599 = 0
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LAMPIRAN 2. Syarat Kestabilan Kriteia Routh-Hurwitz untuk bz > 0

b; = ((—m/mﬁﬂa +1m3Q036 + m3pQ3n V> + (M5p Q38 + 2m,pQ3601 —

nym, Q38 + mypQs6n — 2nymy Q360 — nym3Q, +nm3Q,8 + mipQza; + m3pQun +
m3Q;8a; + 2nmuQ380)V* + (m3pQ,6 + 2mypQs30ay + 2m,pQ,6m +

2myQ380a; + mymymaQsn + wadnmiQy — ymimyQan — nymyQ,8 — nyQ;660 +
My pQ38a; + mypQyadn + pQ386n — 2nym, Q0,0 + 2m,pQ380 — nyQ;62 —

nym3Qs + nm3Qs8 — ynm3Qy + mipQua; + mipQsn + pQ36°n + m5Qu e, +
2nm,Q,80)V3 + (m2pQss + pQ36602 + 2mypQs0n + 2m,upQu0ay + mymym,Q,n +
Wy dmymymyQs + 2w,dpnm,u Q0 + mymymyQsay + 2myQ,660a, + wopnmiQ, —
2nymyQs6 — ynmyQya; — ymimyQza; — ymymyQun — nymyQs6 — ny,660 +
mypQsén + pQd0n + n,pQdaq + pQ360ay — 2ynm,0,0 — ymym,Q30 +
mymymypQs, + 2mypQ, 60 + wo0pnmyQy — wrymymyQ; — wy0ynm,Qy —
NyQ,0?% + 102,862 —ynmi0, + pQ,.0°n + mipQsa; + pQ30%a; + m3Qs6a, +
Q3680%a; + 2nm,Q0580)V? + (p,660% + 2mypRs0ay + mymymaQua; +
Wopmymymaldy + 2w,pnm, 02,60 + 2m,0s8660a, + mym,myus + w,¢pn,0? —
ynmalyay —yni0a; — ymymyQuay — nyfds66 — ymymaQlsn + mypllsday +
p2,60aq + ps66n — 2ynm,0,0 — ymim,0,0 + mymomyp(d, + 2m,pf2560 +
Woppnmaydy; + wappn160 — wo0ynmy(d; — wopyn2,60 — wopymim, (2, —

Ny2s0% + nNs656? —yn,0% + pR,0%a, + pRs62n + [24692a1)V) >0

Jika

(Mm3Q36 + mZpQ3n V> + (M3pQ036 + 2m,pQ30n + mypQy6n + nmZQ,6 +
m3pQsa; + mipQun + méQs8ay + 2nm,Q3860)V* + (M3pQ,8 + 2m,pQs0ay +
2mypQ,0m + 2myQ360a, + mymumuQsn + wadnmi Qg + mypQsSay + mypQydn +
pQ3801 + 2m,pQ366 + nmZQsd + mipQuay + mipQsn + pQ30°n + m3Q,8a, +
2nm,Q,80)V3 + (m2pQss + pQ3 602 + 2m,pQs0n + 2mypQ,0a; + mymm,Qun +
WodmymymyQs + 2wy dpnm, Q0 + mymymaQzay + 2m,Q,60a, + wopnmiQ, +

mypQs6n + pQad0n + 1NpQ6a; + pQ360a; + mymamypQs, + 2m;pQ,60 +

O + 102,802 + pQ,40°21 + MipQsay + pQ3602a; + m3Qsday + Q3660%a; +
0)V2 + (p2,660% + 2m,pQ0s0ay + mymamaQ,a; + wopmymym,Q, +

E

0,60 + 2mu0:60a; + mymomylds + wydpn2,0% + mypsSay +
+ pN580n + mymomypfl, + 2m,pR5660 + wyoppnm, 2, + wappn2,6 +
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105602 + pN,0%a, + pRs62n + 2,560%a)V > (nym3Q3)V5 + (nym,Q36 +
2nym,Q360 + nym3Q )V + (ymym,Qan + nym, Q.68 + 1y Q360 + 2nym,Q0,0 +
MyQ30% + nym3Qs + ynm3Q V3 + (2nymyQs0 + ynmyQay +ymym,Qsa; +
ymymyQun + nym,Qs6 + nyQ,660 + 2ynm,Q0,60 + ymym,Q30 + w,0ymym,Q; +
wo0ynmaQy +yQ.0% + ynmi0,)V? + (ynmaaaq + yni6ay + ymympaay +
NyNs860 + ymim,Qsn + 2ynmy0,0 + ymm,02,60 + w,0ynm, 0, + wopyn2,6 +
wopymmyQy + ny0s6% +yn2,6*)V

maka bz > 0.

A"
E =

/\_r'
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LAMPIRAN 3. Syarat Kestabilan Kriteria Routh-Hurwitz untuk b, > 0

by = ((M3p38n — nym3026) V° + (=2nymp0580 — ym302,6 +
m2p38a; + m2p0,0n + 2m,pR3661) V4 + (—ymym,Q036n —
2nymyQ486 — wypynm3Qy — nym3Qs8 + m3pQaday + m3pQsdn —
ynmiQ a, — nyQ3860% + pQ3802%n + wyppnmisQy + 2mypQ360a, +
2m,pQ,60n + mym,m,pQan)V3 + (—2ynm,Q,0a, — ymym,Qs0a, —
ymymyQ,6n — 2nym, Q58660 — w0ynmiQs — wypymm, Q36 —

2w, pynm, Q40 + wypmymam,pQs + 2w, dpnm, Q4,0 + pQ,60%n +
mipQsda; + pQ38602a; — nyQ,602 — ynmsQ,a, + 2m,pQs80n +
woppnm3Q, + mymymyepQaay + 2m,pQ,660a, +

mymymypQmV? + (=2ynm,Q,0a; — ymim,Qu0a; — wodpynQ,6% —
ymym,Qs0n — 2w, pynm; Q0,0 — wopymymy 0,0 + 2w, dpnm, 0,60 +
Wy dmymymyupQy + pQa602ay + pQs02n — ynQ0%a; — nyQs662 +
woppnQ,02 + 2m,pQs80a, + mymymupQsn + mymymypQuay)V +
pQs86%a; — ynQ,0%a; — wydpym;myQs6 + wodppnQ,02 + mymymypQsay
woyNQ,0% — ymim,Qs6a; + wydpmymymypQs) > 0

Jika

(M3p0236n) V> + (+mipR38a, + mipR,0n + 2m,pN;66m) V4 +
(M2pQu8a; + mipQsdn + pQ360%n + woppnmiQy + 2mypQ3660a, +
2mypQ,86m + mymumypQan)V3 + (WypmymymupQs + 2w, ppnm;0,60 +
pQL60%n + m2pQsbay + pQ360%a, + 2m,pQs66n + wyppnmsQ, +
mymymypQza; + 2m,pQ,80a; + mym,mupQn)VZ + 2w, ¢ppnm,Q,0 +
Wy dmymymyupQy + pQa02ay; + pQsd62n + woppnQ, 02 + 2m,pQs60ay +
mymymypQsn + mymymapQua)V + pQs602ay + wdpnQ,0° +
mymympQsa; + wopmymymypQs > (nym30568) V° + (2nym,023560 +
nym50,68) V* + (ymymyQ360m + 2nym, Q.80 + wodpynmi;Qy + nym3Qs6 +

11 + 7”/93692)V3 + (zynmzﬂleal + }/mlmzﬂ39a1 +
| 401 + 2nym,0:60 + w,0ynmiQs + wopym;m,Q36 +
M, 0,0 + nyQ,80% + ynmiQ,a)V? + 2ynm,Q,0a, +
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ymim,Q,0a, + w2¢yn9192 + ymim,Qs0n + 2w,ynm,Q0,0 +
wodpym m,Q,.0 + ynQ,0%a, + nyQs862)V + ynQ,0%a, + wopym;m,Q:0 +
w,¢ynQ,0% + ymym,Qs0a,

maka b, > 0.
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LAMPIRAN 4. Syarat Kestabilan Kriteria Routh-Hurwitz untuk byb, > b3
bib, — by = (M3Q3 + myQn)V* + (M3Q, + muQ38 + muQun + Q3 +
myQsay + mypQs + 2myQ050)V3 + (myQs + Q3602 + myQ,6 + Q366 +
mypQy + pQ30 + Q30a; + myQsn + Q00 + myQuay + 2m,Q,0)V? +
(0402 + MyQs6 + Q0,60 + myupQs + pQW0 + Q0 + QsOn + myQsay +
2myQ50)V + Q0a; + pQsh + Q60 + Q02)(M3Q3nV° + (M3Qun +
msQza; — nym,Qs + mypQsn + myQ36n + 2m,Q360n + m3Q36 +
mspQ3)V* + (M30sn + 230%n + m20,a; + 2m,p 230 + 2m,0360 —
nymyf, —nyN30 + mypN38 + mypDsaq + 2my0360 a1 + mypyn +

M02,0m + 2m,0,0n + p236n + 23600 + Mz, + mip, + mi0,8)V3 +
(23602, + 2,070 + M20sa; + wopnmu)y + 2myp0,0 + mymymy; +
2m,Q,60 — ymim,Q; — nym,Qs — nyQ,0 — 2m,Q0:0n + pQ,0n + Q0,600 +
mypQy6 + pQ380 + mypQuaq + 2myQ0,0a + pQ30a, + Q360a, +

mypQsn + myQsén + ynm,Qq + myQua 8 + m2pQs + pQ362% + m3Qs6 +
Q3602)V? + (04920(1 + Q6% + wonmyQy + w00, 0 + 2mypQs6 +
mymymyQdy + 2myQs660 — ynQ10 — ymymyQy — nyQs0 + 2myQs0aq + pQy0aq +
Q46001 + pQsOn + Qs60n + mypQsd + pQ 80 + mypQsay — ynmyQ, +

myQsa;8 + pQy6° + 0,862V + +pQs6* + 0566° + pQs60 + pQsfay + Qs86a; —
Y1920 — ymimyQs + wodnQy0 + Qs6°a; + mymymyQs) — ((—nym3Q3 +
3038 + m5pQsn JV° + (m5pQ38 + 2m,pQ36n — nym, Q36 + mypQ36n —
2nym,£360 — nym%ﬂ4 + nm%948 + m%pﬂ3a1 + m%pﬂm + m%Q38a1 +
2nm,yQ380)V* + (M3pQ,8 + 2mypQsbay + 2mypQ, 01 + 2myQ360a; +
mymymQsn + wodnmzQy — ymymyQsn — nymyQu8 — nyQ386 + mypQsday +
mypQy0n + pQ380n — 2nymy Q40 + 2mypQ3660 — 77)/9392 - nym%ﬂs + nm%ﬂg,é‘ -
ynmiQ, + mipQua; + mipQsn + pQ302n +miQ,8a; + 2nmzﬂ469)V3 +

(m%pQSS + pQ3692 + 2mypQs0n + 2m,pQ0a; + mymymyQun +

27714.03 + 2W2¢T]m2919 + m1m2m4ﬂ3a’1 + 2’m29.450a’1 + W2¢T]m%92 —

0 — ynmyQqay — ymim,Qzay — ymym,Qun — nymyQs6 — nyQ,60 +

E

+ Q486 + 1, pQ6ay + pQ360a; — 2ynm;Q0, 60 — ym;m,Q36 +
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mymymypQs, + 2mypQ,60 + wr0pnmyQy — wr0ymym,Qs — wyfynm,Qq —
nyﬂ492 + n.(24592 - ynm%[lz + pQ492n + m%pﬂsal + pQ392a1 + m%QSSal +
93692a1 + 2nm29569)V2 + (p!)4692 + 2myps0a + mymymyld o +
Wopmymumyd, + 2w, pnmy2,0 + 2my0s80a; + mymymuQs + w,¢n0,6% —
ynmaldaay — ynid0ay — ymymafdya; — nyfls60 — ymymaflsn + mypllsday +
p,48001 + pNs650n — 2ynmy0,0 — ymimy0,0 + mymomypfd, + 2m,p02s660 +
wadppmady; + wappn210 — wo0ynmy; — wodynid 6 — wadymymoyld, —

ny2s6% +n0566% — yn2,16° + p046°%a; + ps6°n + 0,66%a,)V)

(M3Q3 + muQn)V* + (M3Q, + muQ36 + mpQun + 0Q3n + myQzay +
mypQs + 2myQ30)V3 + (myQs + Q302 + my Q0,6 + Q360 + mypQy +

pQ30 + Q30a; + myQsn + Q00 + myQuay + 2myQ0,0)V2 + (Q,0% +

MmyQsd + Q460 + mypQs + pQy6 + Q0 + Qs0n + myQsay + 2m,0:60)V +
Q0a; + pQsh + Q60 + Q02)(M3Q3nV° + (M504 + m3Qza; — nym, Q3 +
MypQan + MmyQs6n + 2myQ30n + m3Q36 + m3pQ3)V*E + (m302sn + 02;6°n +
m2Qu0q + 2myp230 + 2m,0360 — nymy, — 1y 230 + myp36 +

mypfzaq + 2my2300, + mypyn + my0,0n + 2m,0,60n + pN36n +

0360n + myQ3a,8 + m2pQR, + m20,6)V3 + (230%a, + 2,6°n + m3sa; +
Wopnmy 2y + 2myp0,0 + mymomyls + 2m,Q0,60 — ymim,Q3; — nym,Qs —
NyYQ,0 — 2m,Qs0n + pQ,0n + Q801 + mypQyd + pQ3660 + mypQuaq +
2m,Q40a, + pQ30a, + Q360 a1 + mypQsn + myQs0n + ynm,Q4 +
M08 + m3pQs + pQ30% + M2Qs8 + Q360)V? + (Q,6%a; + Q6% +
wLo0nm,Q, + wynQy0 + 2mypQs0 + mimomyQy + 2myQs80 — ynQ 6 —
ymimyQy — nyQs6 + 2myQs0aq + pQyubaq + Q46001 + pQs0n + Q5600 +

mypQsd8 + pQy60 + mypQsa; — ynmyQy + myQea6 + pQ402 + 94692)V +
+p0s0% + Q:66% + pQs86 + pQsba; + Qs80a; — ynQ,0 — ym;myQs +

wopnQ,0 + Qs0%ay + mymym,Qs) — ((—nymbQs + nm3Qs68 + mipQsn IV +

—Lle0m 4 2m,p Q361 — NYmM,Q36 + MypQ36n — 2nym, Q360 — nym5Q, +
H o0 F mipQgay + mipQyn + miQsSa; + 2nmyQ380)V* + (mdpQ,s +

E

aq + 2m2p9497’] + 2m29360a1 + m1m2m4Q3T] + W2¢T]m%91 -

N — nymaQy8 — nyQ366 + mypQzday + mypQyén + pQ366n —
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2nymy Q0 + 2mypQ360 — nyQ30° — nym3Qs + nm3Q0s6 — ynmiQy + mipQuay +
m5pQsn + pQ392n + miQ,8a, + 2nm20460)V3 + (m%pﬂgﬁ + pﬂ3592 +
2mypQsOn + 2mypQa0a; + mymomyQyun + wypmymomyQs + 2w,dpnm,Q046 +
mimomyQsaq + 2myQ460aq + wqunmgﬂz — 2nymyQs0 — ynm,Qaq —
ymimyQzay — ymymyQqn — nymyQsé — nyQ,66 + mypQsén + pQ,66n +
n,pQba; + pQz60a; — 2ynm,yQ040 — ymm,Q360 + mymymypQs, + 2m,pQ,66 +
wo0pnmyQy — wo0ymim, Qs — woBynm,Qy — nyQe0° + 102,667 — ynm30, +
pQ49277 + m%pQSal + pQ392a1 + m%Q56a1 + 93862(11 + 277m29569)V2 +
(p.(24502 + 2mypNs00a + mymymydyaq + wodpmimomyld, + 2wopnm,0,0 +
2my0560a; + mimymulds + wydn,0° — ynmyya; — yny 0ay — ymimyQa; —
Ny2560 — ymmydsn + mypfdsday + p2,60a, + ps66n — 2ynm, 02,60 —
ymimy2,0 + mymymypQy + 2mypls66 + woppnma(d; + wodpnd, 6 —
W20Y1Ima 0y = wodyn0 — wodymimfy — nyQs6” +n0s66° — yn,6” +
pQ,0%a; + pQs6*n + 2,86, )V) > 0

Jika

(M3Q3 + muQan)V* + (M3Q, + myQ36 + muyQun + 0Q3n + myQzay +
mypQs + 2myQ30)V3 + (myQs + Q302 + myQ0y8 + Q380 + mypQy +

pQ30 + Q30a; + myQen + Q4010 + myQuay + 2m,0,0)V?% + (0,02 +
myQs6 + Q0,60 + mypQs + pQL0 + Q00 + Qs6n + myQzay + 2m,Q0:0)V +
Q0a; + pQsh + Q60 + 05602 ) (M2Q3nV° + (M3Qun + m3Qsay —

nymyQs + mypQsn + myQ36n + 2m,Q0360n + m2Q36 + mipQ3)V*E +
(M20sn + 0;0%n + M50Q,0, + 2myp0230 + 2m,0560 — nym,L0, — ny 236 +
mypf38 + mypiaq + 2my030a, + myplyn + my2,6m + 2m,0,0n +
p230n + 03800 + MmNz, 6 + miphl, + m302,8)V3 + (23602, + 2,0%n +
m30sa; + wodnmyQy + 2myp2,0 + mymymald; + 2m,Q0,80 — ymym,Qg —
nymyQs — NyQ40 — 2myQs0n + pQa0n + Q6010 + mypQ,6 + pQ360 +

L+ 2myQ0,0aq + pQi0a; + Q360 + mypQsn + myQs6n +

| “ L + myQua,8 + mipQs + pQ30% + m3Qs6 + Q3602)V2 +

E

+ 95927] + ernmzﬂz + ernﬂlg + 2m2pQ59 + m1m2m4ﬂ4 +
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2m,Q0:80 — ynQ60 — ymymyQy — nyQs6 + 2m,Q:0a, + pQu0a; + Q4600 +
pQs0n + Q560N + mypQsd + pQy0 + mypQsay — ynmyQy + myQsaq6 + pﬂ492 +
0,86°)V + +pQs6” + Q566% + pQs 86 + pQsOay + Qs80a; — ynQ,6 — ymym,Qs +
w0 + Qs0%ay + mymymyQs) > ((—nym3Qs + nm35Q36 + mjpQan )V +
(m3pQ36 + 2m,pQ30m — nym,Q38 + mypQydn — 2nymyQ36 — nym35Q, +
nm30,8 + mipQyay + mipQun + maQs8a; + 2nm,Q380)V* + (m%pﬂ46 +
2mypQ30aq + 2mypQ0n + 2my Q360 + mymymyQsn + W2¢nm501 -
ymimpQ3n — nymyQy 6 — nyQ3660 + mypQ3bay + mypQydn + pQ366n —
2nymyQ,0 + 2mypQ3860 — nyQ360° — nym3Qs + nm5Q0s8 — ynmiQy + mipQua; +
m%pﬂ5n + pQ362n + m%ﬂ46a1 + 2nm2§2459)V3 + (m%pﬂ56 + pﬂ3692 +
2mypQs0n + 2mypQ,0a + mymamyQyn + wodpmymomyQs + 2w,pnm,040 +
mymymyQza; + 2myQ,80a; + wodpnmsQ, — 2nym,Qs0 — ynm,Qqa —
ymimpQzay — ymympQyn — nymyQs8 — nyQ,66 + mypQsén + pQy66n +
n,pQ46aq + pQ3660ay — 2ynmyQ16 — ymymyQ36 + mym,mypQs, + 2m;pQ,66 +
wo0pnm,Qy — wo0ymym, Qs — wyfynm,Qy — yQ,0% + ni2,660% — yymiQ, +
pQ,0%n + mipQsa; + pQ392a1 + m3Qs8a; + Q3692a1 + anzﬂsé‘e)Vz +
(pﬂ4892 + 2mypNs0a + mymoymylyaq + wodpmimomyld, + 2w, pnm,0,0 +
2m, 05600, + mimymufds + wydn,6° — ynmayay — yny0a; — ymimyQaa; —
Ny2560 — ymymysn + mypsday + p,660a, + pQs66n — 2ynm, 2,60 —
ymima2,0 + mymymypQy + 2myplls86 + woppnmafd; + wodpni2, 6 —
wo0ymy 2, — wodyni 0 — wodymim,y, — nyQs6° + ns66% — yna, 6% +
p02,0%a; + ps6*n + !24692a1)V)

maka b;b, — b3 > 0.

P
\
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LAMPIRAN 5. Syarat Kestabilan Kriteria Routh-Hurwitz untuk b;b,b3; >
b3 + b3b,

bib,bs — b2 — b2b, = (M5Q3 + mQn)V* + (M3Q, + mpQ36 + myQun +
003n + myQzay + mypQs + 2myQ30)V3 + (myQs + Q302 + myQ0,6 +

Q360 + mypQy + pQ30 + Q30 + myQsn + Q00 + myQuaq +

2m,Q0,0)V? + (0402 + myQs8 + Q460 + myupQs + pQy6 + Q0a, + Qs +
myQsay + 2myQs0)V + Qs0ay + pQs + Q566 + Q502 (miQnVs +
(M2Qm + m3Qza; — nymyQ; + mypQan + myQ36n + 2my050n + m2Q056 +
m3pQ)V* + (M30sn + 030%n + m30Q,a, + 2myp056 + 2m, 0566 —
nymyfdy, — ny230 + mypf36 + mypzaq + 2my030a, + mypllyn +

M2,0m + 2m,0,0n + p236n + 23600 + muza,6 + MipQ, + mi02,8)V3 +
(23602, + 2,070 + m20sa; + wopnmyy + 2myp0,0 + mymymy; +
2m,Q,660 — ymm,Qz — nym,Qs — nyQ,0 — 2m,Q0:0n + pQ,0n + Q,660n +
myp Q6 + pQ380 + mypQuaq + 2m,Q0,0a + pQ30a; + Q360a, +

mypQsn + myQsdn + ynm,Qq + myQua, 6 + m2pQs + pQ362% + miQ:6 +
Q3802)V2 + (Q40%a; + Q56°n + woOnm,Q, + w6004 60 + 2m,pQs6 +
mymomyQy + 2myQs660 — ynQ160 — ymymyQy — nyQs0 + 2mQs0aq + pQy0aq +
Q4600 + pQsOn + Qs60n + mypQsd + pQ 80 + mypQsay — ynmyQ, +

myQsa; 8 + pQy6? + 0,862V + +pQs6* + 0586° + pQs60 + pQsfa; + Qs86a; —
Y020 — ymymyQs + wo¢nQy0 + Qs6%a; + mymym,Qs) ((—m/m%ﬂs +1m3036 +
m3pQan )V + (m5pQ38 + 2m,pQ30n — nymyQ38 + mypQsdn — 2nym, Q36 —
nymaQ, + nmzQ,8 + mipQsay + mipQun + maQs8a; + 2nmy0360)V* +
(m%pﬂ,,ﬁ + 2mypQ30aq + 2mypQ,0n + 2my Q0360 + mymomyQan +

wodnm5Qy — ymymyQan — nymyQ8 — nyQ360 + mypQ3bay + mypQdn +
pQ386m — 2nym, 040 + 2m,pQ380 — Ny Q36° — nym3Qs + nm3Qs8 — ynm3Q, +
m%pﬂ4a1 + m%pQSn + pQ392n + m%ﬂ46a1 + 2nm20489)V3 + (m%p956 +

. - 2mypQsOn + 2mypQy0a + mymamyQyn + wodmmomy Qs +
5T
b | Q10 + mymymyQzaq + 2mQ0460aq + wz(;br]m%Qz — 2nym,Qs0 —

1 — ymimpQzay — ymymyQyn — nymyQs6 — nyQ,660 + mypQsén +

Optimization Software:

www.balesio.com
68




pPQE6N + n,pQ4baqy + pQ360ay — 2ynmyQ046 — ymymy Q360 + mymymy,pQs, +

2mypQ460 + wo0pnmyQy — woBymim,Q3 — wo0ynmyQq — nyQ492 + 77.(24692 -

ynm%.()z + pQ492n + m%pﬂsal + pQ392a1 + m%QS(Sal + 036920(1 +

217m29.559)V2 + (p.Q4692 + 2m2p!259a1 + m1m2m4ﬂ4a1 + W2¢m1m2m4ﬂ4 +

2W2¢)T]m2[220 + 2m2.0569a1 + m1m2m4.(25 + W2¢r].(2192 — )/T]mz.(220£1 - ]/77.(2190(1 —

ymymyuaq — NyN560 — ymimysn + mypsday + pN,660aq + pfls66n —
2ynmyf2,0 — ymimy£2,60 + mymomypfl, + 2myp2s60 + wyppnm, (2, +
wohpn216 — wy0ynmaQ, — wodynids 0 — wadymmyQy — nys6° + nids56” —
Yn2,0% + p,6%ay + p0s6°n + .(246920(1)V) - ((—nym%ﬂg +m30,6 +
m5pQ3n )V° + (m5pQ38 + 2m,pQ30m — nym, Q36 + mypQ38n — 2nym,Q36 —
nymaQ, + nmizQ,8 + mipQzay + mipQun + m5Q;8a; + 2nmy0360)V* +
(m%pﬂ48 + 2mypQ30ay + 2mypQy0n + 2myQ0360a; + mymomyQan +

wodnmiQy — ymymyQan — nym, Q8 — ny Q386 + mypQ3a; + mypQ,dn +

pQ380m — 2ym, Q40 + 2mypQ360 — nyQ30° — nym5Qs + nm3Qs8 — ynm3Q; +

m%pﬂ4a1 + m%pﬂsn + pQ302n + m%ﬂ46a1 + 2nm20459)V3 + (m%p956 +
pQ3692 + 2mypQs0n + 2mypQ 00 + mymumyQyn + wodpm mymyQs +
2wopnmy 040 + mymumyQzaq + 2myQ0,660a, + W2¢nm%QZ — 2nym,Qs0 —
ynmpQiay — ymymyQza; — ymymyQun — nymyQs8 — nyQ,66 + mypQs6n +
pQy60n + n,pQuda; + pQ360a; — 2ynmyQ040 — ymymy Q36 + mymymypQs, +

2myp0460 + wy0pnmyQy — wya8ymimyQz — wo8ynm,Qq — nyQ462 + n!24692 -

yr)mgﬂz + pQ492n + m%pQSal + pQ392a1 + m%QSSal + 93692a1 +

2nm29559)V2 + (pﬂ4602 + Zmsz59a1 + m1m2m4ﬂ4a1 + W2¢m1m2m4ﬂ4 +

2wopnmy02,0 + 2my 2560 + mymymyfds + W2¢n.(2192 — ynmyf,a — ynid8ay —

ymimyfda; — Ny2s60 — ymymyQsn + mypQsbdaq + pN,660a, + pN:60n —
2ynmy0,0 — ymym,02,60 + mymymypfly + 2myp2s660 + woppnmy 0, +

woppn1 60 — wy0ynm,Q, — wodyn2,0 — wodymymyQ, — ny2s0° + n2s86% —

My Q36 + muQun + 0Q3n + myQaay + mypQs + 2m,Q00)V3 +

? 2
— ,D..Q4_02a1 + p.(259277 + .{246920(1)11) - ((m%ﬂg + mz.an)V4 +
L)
i.

- 0302 + myQy8 + Q380 + mypQy + pQsf + Q30 + myQsn +
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Q.01 + myQuay + 2myQ,0)V2 + (402 + myQsS + Q460 + mypQs +
PO + Qu0a; + Q50N + myQsay + 2myQs0)V + Qs0aq + pQs6 + Q560 +

056%)° ((m%p!)36n — nym50236) V° + (=2nymy0360 — nym30,8 + m5ps8a; +

m%p[h&] + 2m,p356n) vt + (—lemzﬂsgn — 2nymyQ,66 — W2¢Vﬂm%91 -
nym5Qs8 + m5pQuday + mipQsdn — ynmiQa; — nyQ380° + pQ366°y +
wqupnmgﬂl + 2mypQ360aq, + 2mypQ,660n + m1m2m4pﬂ3n)V3 +
(—2777"12919“1 — ymymyQz36a; — ym;myQ,6n — 2nym, Q566 — WZByr]m%Qg, -
wopymmy Q30 — 2wppynmaQy 0 + wadmymyomypQs + 2woppnm,Q,6 +
pQ4692n + m%pQS&Xl + pﬂ3692a1 — r)yﬂ4662 - ynm%ﬂzal + 2m,pQ:860n +
Wngpnmgﬂz + mymymypQzaq + 2m,pQ660a, +

myimymapQun)V: + (=2ynmyQ,0a; — ymim,Quba; — wodynQ,6” —
ymymyQs6n — 2w, pynmy,0 — wodpym;m, Q40 + 2wy ppnm,Q,6 +
wodmymymupQy + pQu66°a; + pQs86°n — ynQ 0%y — nyQs66” + wodpnQ,6” +
2m,pQs60a, + mymomypQsn + m1m2m4pﬂ4a1)V + p95662a1 - yn9262a1 -

WodymmyQs6 + woppnQ,0° + mymymypQsay — wydynQy0° — ymimyQsa; +

w2¢m1m2m4p05)

(M3Q3 + muQan)V* + (M3Q, + muQ036 + muyQun + 0Q3n + myQzay +
mypQs + 2myQ30)V3 + (myQs + Q302 + myQ, 8 + Q380 + mypQy +

pQ30 + Qz0a; + myQsn + Q010 + myQuay + 2m,0,0)V2 + (0,02 +

myQs8 + Q.60 + mypQs + pQy0 + Q0 + Qs6n + myQsay + 2m,0:0)V +
Qs0a; + pQs6 + Q566 + 050%) (M3Q3nV° + (M3Qn + MEQsay —

nym,Qs + mypQsn + myQ36n + 2m, 0360 + m5Q36 + mipQ3)Ve +

(M20sn + 0;0%n + m3Q,a4 + 2myp0230 + 2m,0560 — nym,0, — ny 236 +
Map0a§ + mypllzay + 2my 0300 + mypyn + mydon + 2m,02,60n +

0360 + myQ3a,8 + mipQ, + mi0,6)V3 + (230%a;, + 2,6°n +
| + wopnmy)y + 2myp02,0 + mymomyll; + 2my0,60 — ymim,Q0; —
' — Y040 — 2m, 0501 + pQyOn + 0,80 + mypQS + pQ3560 +
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mypQuaq +2myQ,0a, + pQiba; + Q360 + mypQsn + myQs6n +
ynmaQq + myQuay 8 + mipQs + pQ30% + m3Q:6 + Q36022 +

(Q46%a; + Q56%n + wobymyQy + wy6nQ4 60 + 2mypQs6 + mymymyQ, +
2myQ0560 — ynQ0 — ymymyQy — nyQs0 + 2myQ:s0aqy + pQu0a, + Q660 +
pQs0n + Q560 + mypQsd + pQy60 + mypQsay — ynmyQy, + myQea 6 + pQ492 +
0486°)V + +pQs6° + Q586% + pQs86 + pQsbay + Qs80a; — ynQ,0 — ymym,Qs +
wopn0,0 + Q:6%a, + m1m2m405) ((—nym%ﬂ3 + nm3Q0368 + mipQan )V +
(m3pQ36 + 2m;pQ36m — nymyQ36 + mypQ36n — 2nymyQ36 — nym35Q, +
nm%ﬂ46 + m%pﬂ3a1 + m%pﬂm + m%ﬂg&zl + 2nm,0360)V* + (m%pﬂm +
2m,pQz0aqy + 2m,pQ,.0n + 2my Q36600 + mymom,Qsn + qubr)m%Ql -
ymimaQzn — nymyQ46 — nyQ366 + mypQzday + mypQ,6n + pQ366n —

2nymy Q0,46 + 2mypQ3660 — Ny Q367 — nym5Qs + nm3 Q58 — ynm3Qy + mipQua; +
m%pQSn + p0302n + m%ﬂ46a1 + 2nm20489)V3 + (m§p956 + pQ3602 +
2mypQs0n + 2mypQy0a; + mymomaQun + wodpmymomyQs + 2w, pnm, 04,0 +
mimomyQsaq + 2myQ460aq + wngnmgﬂz — 2nymyQ50 — ynmyQqaq —
ymimpQzay — ymymaQyn — nymyQs8 — nyQ,66 + mypQsén + pQa66n +
N,pQ6ay + pQ3660a, — 2ynmyQ010 — ymymyQ360 + mymymupQz, + 2m;pQ,660 +
wo0pnmyQy — wo0ymym, Qs — woBynm,Qy — nyQ,0° + 102,660% — ynm30, +
pQ492n + m%pQSal + pQ392a1 + m§Q56a1 + 93662a1 + 2nm29569)V2 +
(p.(24592 + 2myp:0a; + mymymyaq + wapmimomylly + 2wypnmy,0 +
2my02:60a; + mymomy(lds + W2¢17!2192 —ynmmyld,a — ynd0a; — ymymyQuaq —
NyY2560 — ymmydsn + mypflsday + p2,60a, + ps60n — 2ynm, 02,0 —
ymimp2,0 + mymymypQy + 2mypls66 + woppnma(d; + wodpn2, 6 —
W2BynmaQy — wadyn:0 — wadymimaQy — ny2s6” + 10586” — yn,6° +
p2,0%a; + ps6*n + .(246920(1)V) - ((—nym§Q3 +m3036 + mapQan )V° +

(m2a0 & + 2m,pQ30n — nym, Q38 + mypQ38n — 2nym, Q30 — nym5Q, +

Pr ! - m2pQaa; + mipQyn + miQaSa; + 2nmyQ380)V* + (m2pQ,s +
i.

aq + 2m2p9497] + 2’m2.Q.359a’1 + m1m2m4ﬂ377 + qubr]m%Ql —

n —nymyQyd — nyQ360 + mypQzday + mypQ,én + pQ366n —
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2nymy Q0 + 2mypQ360 — nyQ30° — nym3Qs + nm3Q0s6 — ynmiQy + mipQuay +
m5pQsn + pQ392n + miQ,8a, + 2nm20460)V3 + (m%pﬂgﬁ + pﬂ3592 +
2mypQsOn + 2mypQa0a; + mymomyQyun + wypmymomyQs + 2w,dpnm,Q046 +
mimomyQsaq + 2myQ460aq + wqunmgﬂz — 2nymyQs0 — ynm,Qaq —
ymimpQzay — ymymyQyn — nymyQs8 — nyQ,66 + mypQsén + pQy66n +
n,pQba; + pQz60a; — 2ynm,yQ040 — ymm,Q360 + mymymypQs, + 2m,pQ,66 +
wo0pnmyQy — wo0ymim, Qs — woBynm,Qy — nyQe0° + 102,660% — ynm30, +
pQ49277 + m%pQSal + pQ392a1 + m%Q56a1 + 93862(11 + 277m29559)V2 +
(p.(24502 + 2mypNs00a + mymymydyaq + wodpmimomyld, + 2wopnm,0,0 +
2my0N560a + mymymyQds + w2¢n.(2192 —ynmmyld, a0y — ynd0a; — ymymyQuaq —
Ny2560 — ymmydsn + mypfdsday + p2,60a, + ps66n — 2ynm, 02,60 —
ymimy2,0 + mymymypQy + 2mypls66 + woppnma(d; + wodpnd, 6 —
W20Y1Ima 0y = wodyn0 — wodymimfy — nyQs6” +n0s66° — yn,6” +
p2,0%a; + ps6*n + .(24692(11)V)2 — ((M3Q3 + myQsn)V* + (m3Q, +
myQ38 + myQun + Q30 + myQzaq + mypQs + 2m,Q30)V3 + (myQs +
Q302 + myQ, 6 + Q360 + mypQy + pQ30 + Q30a; + myQsn + Q00 +
myQuay + 2myQ,0)V2 + (Q402 + myQsb + Q0,60 + mypQs + pQ,0 +
Qu0a; + Q50 + myQsa; +2m,Q:0)V + Qs6a; + pQs0 + Q660 +

056%)? ((mﬁpﬂsdn — nym50236) V° + (=2nym,0360 — nym30,8 + mpQs8a; +

m%p!)46r} + 2m,p366n) vt + (—Vm1m293977 — 2nym,Q,66 — W2¢V77m%91 -
nym5Qs8 + m5pQuday + mipQsdn — ynmiQa; — nyQ380° + pQ366°n +
Wngpnmgﬂl + 2mypQ360aq; + 2mypQ,660n + m1m2m4pﬂ3n)V3 +
(—2ymmyQ10a; — ymim,Q30a; — ymymyQ,0n — 2nym,Qs660 — w,0ynm3Qs —
wopymmy Q360 — 2wopynmaQ, 0 + wadmymyomypQs + 2woppnm,Q,6 +
pQ4692n + m%pQSSal + pQ3692a1 - nyﬂ4692 - ynm%ﬂzal + 2my,pQs80n +

- Qy + mymymypQzaq + 2mypQ,660aq +

| aliz i D.an)Vz + (—Zynmzﬂzeal — ymimyQ460a — W2¢yn9192 —

50N — 2w, 0ynm, 0,0 — wapym;myQ,0 + 2w, hpnm,Q,0 +
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wypmimymypQy + pQ4692a1 + pQSSOZn — yn9192a1 — ny95692 + W2¢pn9192 +
2mypQs60a; + mymymypQsn + m1m2m4pﬂ4a1)V + p95692a1 — ynQZHZal —

wopymim,Qs6 + W2¢P’7925’2 + mymymypQsa; — W2¢V719292 — ymym;Qs6aq +

W2¢m1‘m2m4p.ﬂ.5) >0

jika

(M3Q3 + muQan)V* + (M3Q, + my036 + myQun + 0Q3n + myQzay +
mypQs + 2myQ30)V3 + (myQs + Q302 + my0, 8 + Q380 + mypQy +

pQ30 + Q30a; + myQen + Q4010 + myQuay + 2m,0,0)V2 + (0,02 +

myQs8 + Q.60 + mypQs + pQy0 + Q0 + Qs6n + myQsay + 2m,Q:0)V +
Q0a; + pQsh + Q60 + 0502) (M2Q3nV5 + (M2Qm + m2Qza; —

nym,Qz + mypQan + myQ36n + 2m,Q36n + m3Q038 + m2pQ3)V* +

(M20sn + 2;0%n + M30Q,0, + 2myp0230 + 2m,0560 — nym,, — ny 236 +
myp38 + mypQiaq + 2my030a, + mypyn + my2,6m + 2m,0,0n +
p230n + 03800 + MmNz, 6 + miphl, + m302,8)V3 + (23602, + 2,0%n +
ms0sa; + wodnmyf); + 2myp0,0 + mymymas + 2m,Q0,60 — ym;m,Q; —
nymyQs — NyQ40 — 2myQs0n + pQan + Q6010 + mypQ46 + pQ360 +
mypQuaq + 2m,Q,0a, + pQ30a; + Q360 + mypQsn + myQs6n +
ynmyuQq + myQua 8 + mipQs + pQ30? + miQs6 + Q3602)V2 +

(04920(1 + 959277 + wy0nmy 8, + wyn 0 + 2mypQs0 + mymomyQy +

2my Q560 — ynQ 60 — ymymyQ, — nyQs0 + 2myQs6aq + pQubay + Q46004 +
pPQs60n + Q560N + mypQsd + pQyd0 + mypQsay — ynmyQy + myQsaqd + pQ492 +
486°)V + +pQs6° + Q5667 + pQs86 + pQsOay + Qs80a; — ynQ,0 — ymym,Qs +
wo N0 + Qs0%a; + mymum,Qs) ((—nym3Qs + nm3Q38 + mipQan )V +

(m3pQ368 + 2m,pQ36m — NymyQ38 + mypQ36n — 2nymyQ36 — nym3Q, +

— b mipQyay + mipQyn + miQsSa; + 2nmyQ380)V* + (m2pQ,s +

i' i'ii I i aq + 2m2p94977 + 2‘m29359a1 + m1m2m4937] + Wzd)nm%QI —
A7\ n —nymyQ48 — nyQ366 + mypQzbay + mypQ,én + pQ366n —
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2nymy Q0 + 2mypQ360 — nyQ30° — nym3Qs + nm3Q0s6 — ynmiQy + mipQuay +
m5pQsn + pQ392n + miQ,8a, + 2nm20460)V3 + (m%pﬂgﬁ + pﬂ3592 +
2mypQsOn + 2mypQa0a; + mymomyQyun + wypmymomyQs + 2w,dpnm,Q046 +
mimomyQsaq + 2myQ460aq + wqunmgﬂz — 2nymyQs0 — ynm,Qaq —
ymimpQzay — ymymyQyn — nymyQs8 — nyQ,66 + mypQsén + pQy66n +
n,pQba; + pQz60a; — 2ynm,yQ040 — ymm,Q360 + mymymypQs, + 2m,pQ,66 +
wo0pnmyQy — wo0ymim, Qs — woBynm,Qy — nyQe0° + 102,660% — ynm30, +
pQ49277 + m%pQSal + pQ392a1 + m%Q56a1 + 93862(11 + 277m29559)V2 +
(p.(24502 + 2mypNs00a + mymymydyaq + wodpmimomyld, + 2wopnm,0,0 +
2my0560a; + mimymulds + wydn,0° — ynmyya; — yny 0ay — ymimyQa; —
Ny2560 — ymmydsn + mypfdsday + p2,60a, + ps66n — 2ynm, 02,60 —
ymimy2,0 + mymymypQy + 2mypls66 + woppnma(d; + wodpnd, 6 —
W20Y1Ima 0y = wodyn0 — wodymimfy — nyQs6” +n0s66° — yn,6” +
pQ,0%ay + pQs6n + 0,86 )V > ((—nym%ﬂ3 +m3Q038 + mipQan )V° +
(m3pQ36 + 2m,pQ36n — NymyQ38 + mypQ36n — 2nymy Q36 — nym3Q, +
nm3Q0,8 + mipQaa; + mipQun + miQs8a; + 2nm,0360)V* + (m%pﬂ46 +
2mypQ30aq + 2mypQa0n + 2myQ380a; + mymymaQsn + wodnmsQ, —
ymimpQ3n — nymyQyd — nyQ360 + mypQ3bay + mypQydn + pQ366n —
2nymyQ046 + 2mypQ3660 — nyQ36° — nym5Qs + nm3Qs8 — ynmiQy + mipQua; +
m5pQsn + pQ392n + miQ,8a, + 2nm20450)V3 + (m%pQS(S + pﬂ3592 +
2mypQs0n + 2mypQy0a; + mymomaQun + wodpmymomyQs + 2w, pnm, 04,0 +
mymymuQsaq + 2m,Q0,660a, + wqunmgﬂz — 2nymyQs0 — ymmyQqaq —
ymimpQzay — ymymyQyn — nymyQs8 — nyQ,66 + mypQsén + pQy66n +
n,pQ46aq + pQ360ay — 2ynmyQ,6 — ymymyQ36 + mymmypQs, + 2m;pQ,66 +
wo0pnm,Qy — wo0ymym, Qs — wyfynm,Qy — yQ,0% + ni2,660° — yymi0, +
pQ4927] + m%pQSal + pQ392a1 + m%QS&Il + (23692(11 + anZQSSH)VZ +

ay + mymymyfs + wydn,0° — ynmyyay — yny0ay — ymymyQqay —

- ’ H 2m2p059a1 + m1m2m4.(240(1 + W2¢m1m2m4ﬂ4 + 2W2¢T]mz.{229 +
PLC
im_

- ymymy(lsn + mypfsdaq + ply60aq + pNsdOn — 2ynm, 0,0 —
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ymim02,60 + mym;mypQy + 2mypQs5660 + woppnma2, + wodpn2,6 —
W20Y1Ima 0y = wodyni0 — wodymim,fy — nyQs6” + 566" — yn0,6° +
p2,6°a; + ps6°n + 04692(11)1/)2 + ((M3Q3 + mpQemV* + (M3Q, +
myQ38 + myQun + Q30 + myQzaq + mypQs + 2m,Q30)V3 + (myQs +
Q302 + myQ,68 + Q360 + mypQy + pQ30 + Q30a; + myQsn + Q00 +
myQuaq + 2myQ,0)V? + (0402 + myQsb + 0,60 + mypQs + pQ,0 +
Q0a; + Qs0n + myQsa; + 2m,0:60)V + Qs0a, + pQs6 + Q66 +
Q:02(M303 + myQan)V* + (M3Q, + muQ36 + myQun + 0Q3n + myQzay +
mypQs + 2myQ30)V3 + (myQs + Q302 + myQ,8 + Q3660 + mypQy +
pQ30 + Q30a; + myQen + Q4010 + myQuay + 2m,0,0)V? + (0,02 +
myQs8 + Q.60 + mypQs + pQy0 + Q0a; + Qs6n + myQsay + 2m,0:0)V +
Q0a; + pQsh + Q80 + 0s02)?  (mip036n — nymi0236) V° + (—2nymy03660 —
nyma0,8 + mipQ;8a, + mipQRy6n + 2m,p2;86n) V* + (—ym1m2036n -
20ymyQ466 — wpdynm3Qy — nymiQs8 + m3pQuSay + mipQsdn — ynmiQia; —
m/Q3582 + pQ3502n + wyppnmiQ; + 2mypQ380ay + 2m,pQ,86n +
m1m2m4p93n)V3 + (—2)’77"12919“1 — ymymyQz0a; — ym;myQ,6n —

2nym; Q5660 — wo0ynm3Qs — wadymmyQ36 — 2wydynm, Q.6 +

Wom mymypQs + 2woppnmyQy 0 + pQ,86°n + mipQsday + pQy66°a; —
MyYQ480% — ynm3Q,a; + 2mypQs80n + wyppnmiQ, + mimymupQsa; +
2m,pQ460aq + m1m2m4pﬂln)V2 + (—2ynm2929a1 — ymim,yQ460a, —
Wy 6° — ymimaQs6n — 2w,ynmy Q.0 — wodymim; 0,6 +

2w, ppmy0,0 + wydmimymypQy + pQad6°a; + pQss6°n — ynQ, 6% a; —
nyﬂ5592 + W2¢pn9192 + 2mypQs80a; + mymumypQsn + m1m2m4pﬂ4a1)V +
pQ566%a; — ynQ,0°ay — wydymimyQs6 + wydpnQ,6° + mymymypQsa; —
wydynQ,0° — ymim,Qs0a; + wydmimym,pQs)

maka

| i,Iiﬁ: b2 — bZb, > 0
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LAMPIRAN 6. Simulasi numerik model dengan kontrol konstan

function fixpointplot UEVM
clc;
clear all;

t=0:0.1:1825;
initial u=10000;
initial e=1000;
initial v=100;
initial m=10;

[t,x]=0ded5 (Quevm, t, [initial u;initial e;initial v;initial m,]);

plOt(tIX(:ll)l'g'ItIX(:I2)I'red'ItIX(:

'LineWidth', 1)

,3), 'blue',t,x(:,4), 'black"',

legend ('Pengangguran (U)', 'Pekerja non Migran (E)', 'Lowongan Kerja

(V) ', 'Pekerja Migran (M)")
xlabel ('Waktu (hari)'");
ylabel ('Populasi');

hold on

grid off

function dxdt=uevm (t, x)

Alpha = 500;
k = 0.000009;
m4d = 0.1;
gama = 0.00001;
alphal = 0.004;
alpha2 = 0.005;
m2 = 0.00002;
psi = 0.007;
delta = 0.05;
ml = 100;

m3 = 0.05;
wl=0.2;

w2=0.8;

dxdt 1=Alpha- (1+wl)*k*x (1) *x(3)+m4*x (4)+gama*x(2)-alphal*x (1)
dxdt 2=(1+wl) *k*x (1) *x(3) —gama*x (2) +m2*x (4) *x (3) —alpha2*x (2)
dxdt 3=w2*psi*x(1l)-delta*x(3)+md*x(4)+gama*x(2)

bl ] —mM2*x (4) *x (3) -m4*x (4) -m3*x (4)
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LAMPIRAN 7. Simulasi numerik model dengan kontrol optimal dan tanpa
kontrol

e Program utama :
clear all;

close all;

clc;

format long;
global A B C Alpha k m4 gama alphal alpha2 m2 psi delta ml m3

ptf =[0; 0; 0; 01,

x0 = [10000; 1000; 100; 101;
% Nilai parameter diketahui
Alpha = 500;

k = 0.000009;

md = 0.1;

gama = 0.00001;

alphal = 0.004;

alpha2z = 0.005;

m2 = 0.00002;

psi = 0.007;

delta = 0.05;

ml = 100;

m3 = 0.05;

A = 25; %Bobot Kontrol U
= 5; %Bobot Kontrol wl
C = 5; %Bobot Kontrol w2

o
|

% time span:

Nt=1000;

tf =1825; % Waktu akhir (waktu proporsional)
Tu=linspace (0, tf,Nt);

%batas kontrol:

M1=0.2;

M2=0.8;

nv=2; % jumlah kontrol

Lb=Ml.*ones (nv,Nt); % matrix batas bawah
Ub=M2.*ones (nv,Nt); % matrix batas atas
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u=zeros (nv,Nt) ;
options = odeset ('AbsTol',le-2, 'RelTol',le-2);

[Tx, X]
options);

ode23s (@ (t,x) state UEVM2(t, x, u, Tu), Tu, x0,

H norm lama=inf;
langkah (1)=1000;

for it = 1:10
% Forward
options =
[Tx1, X1]

options) ;

options =
[Tpl P] =

odeset ('"AbsTol',le-2, '"RelTol',le-2);
= ode23s(@(t,x) state UEVM2(t, x, u, Tu), Tu, x0,

odeset ('"AbsTol',le-2, '"RelTol',1le=-2);
ode23s (@ (t, p) costate UEVM2(t, p, u, Tu, X1),

fliplr (Tu), ptf, options);

% Menghitung gradien H
dH = gradH UEVMZ2 (X1, P, u);
H norm=norm(dH, 2) ;

Q

% Menghitung fungsi objektif

J = objektif UEVM2 (X1, u, Tu);
if H norm < eps

Q

% Nilai fungsi objektif

Jopt=J;
Uopt=u;
break;

else

grad=dH/norm (dH, 2) ;

langkah (it)=15000;
newu=u-langkah (ki) *grad;
newu=simplebounds UEVM2 (newu, Lb,Ub) ;

[Tx1,
x0, options);

X1] = ode23s(Q(t,x) state UEVM2(t, x, newu, Tu), Tu,

Jbaru= objektif UEVM2 (X1, newu, Tu);
eror (ki) =abs (Jbaru-J) ;

j=1;
while

j:

eror (ki) >eps
J+1;

langkah (ki) =langkah (ki) * (0.5);

newu=u-langkah (ki) *dH;
newu=simplebounds UEVM2 (newu, Lb,Ub) ;

[Tx1, X1] = ode23s(@(t,x) state UEVM2(t, x, newu, Tu),
Tu, x0, options);
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if §>30

break
end
end
u=newu;
u=simplebounds UEVM2 (u, Lb, Ub) ;

disp(['norm(dH,2): ',num2str (norm(dH,2))1)
end;

eror (ki) =abs (Jbaru-J) ;
end

options = odeset ('AbsTol',le-2, 'RelTol',1le-3);
[Tx1l, X1] = ode23s(@(t,x) state UEVM2(t, x, u, Tu), Tu,
options) ;

figure (1)

plot (Tx, X(:, 1),'-r");
hold on

plot (Tx1, X1(:, 1),'--b'");
xlabel ('Waktu (hari)') ;

ylabel ('Pengangguran (U)");
legend ('model tanpa kontrol', 'model dengan kontrol');

set (gcf,'color','w")
figure (2)

plot (Tx, X(:, 2),'-r');
hold on

plot (Tx1l, X1(:, 2),'--b");
xlabel ('"Waktu (hari)') ;

ylabel ('Pekerja Non Migran(E)');
legend ('model tanpa kontrol', 'model dengan kontrol');
set (gcf,'color','w")

figure (3)

plot(Tx, X(:, 3),'-r');
hold on

plot (Txl, X1(:, 3),'--b');
xlabel ('waktu (hari)') ;

ylabel ('Lowongan Kerja(V)');
legend ('model tanpa kontrol', 'model dengan kontrol');
set (gcf,'color','w")

figure (4);
plot (Tx, X(:,4),'-r', 'LineWidth', 1);

hold on
plot (Tx1l, X1 (:,4),'--b");
xlabel ('"waktu (hari)') ;

('Pekerja Migran (M) ');
model tanpa kontrol', 'model dengan kontrol');
F, 'color','w'")
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plot (Tu, u(l,:),"'-r");
xlabel ('"waktu (hari)') ;
ylabel ('w 17*(t)")

set (gcf, 'color','w")
subplot (122)

plot (Tu, u(2,:),'--b");
xlabel ('waktu (hari)') ;
ylabel ('w 27*(t) ")

set (gcf, 'color','w'")

e Subprograml: Fungsi state

function dx = state UEVM2(t, x, u, Tu)

global A B C Alpha k m4 gama alphal alpha2 m2 psi delta ml m3

dx = zeros (4,1);
ul = u(l,:);
u2 = u(2,:);

ul = interpl (Tu, ul', t);

u2 = interpl (Tu, u2', t);

dx (1) = Alpha-(1l+ul)*k*x(1l).*x(3)+md*x (4)+gama*x (2)-alphal*x (1) ;
dx (2) = (l+ul)*k*x (1) .*x(3)-alpha2*x(2) ~gama*x (2)+m2*x(4) .*x(3);
dx (3) = u2*psi*x(l)-delta*x(3)+md*x(4)+gama*x(2);

dx (4) = ml-m2*x(4) .*x(3)-md*x (4)-m3*x(4);

end

e Subprogram?2: Fungsi costate

function dp = costate UEVM2(t, p, u, Tu, X)

global A B C Alpha k m4 gama alphal alpha2 m2 psi delta ml m3
dp = zeros (4, 1);

% Backward

x1l = X(:, 1);
X2 = X(:, 2);
X3 = X(:, 3);
x4 = X(: 4);

r
% Interpolasi variabel state
x1 = interpl (Tu, x1, t
X2 interpl (Tu, x2,

’

’

’

)
( t);
rerpl (Tu, x3, t)
rerpl (Tu, x4, t)

rerpl (Tu, ul', t);
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u2 = interpl (Tu, u2', t);

dp(l) = -A-p(1l)* (- (1l+ul)*k*x3-alphal)-p(2)* (1+ul) *k*x3-
P (3)*u2*psi;

dp(2) = -p(l)*gama-p(2) * (-alpha2-gama) -p (3) *gama;

dp(3) = -p(1l)* (- (1l+ul)*k*x1)-

p(2)* ((1+ul) *k*x1+m2*x4) +p (3) *delta+p (4) *m2*x4;

dp(4) = -p(l)*md-p(2) *m2*x3-p(3) *md-p (4) * (-x3*m2-m3-m4) ;
end

e Subprogram3: Fungsi tujuan
function J = objektif UEVM2 (X, u, Tu)
global A B C

x1l = X(:,1);

ul = u(l,:);
u2 = 1)

|
o
N
~
~

J=A*x1+ (B/2) *ul'.”2+(C/2)*u2'.”2;
J = trapz(Tu, J);

end

e Subprogram4: Fungsi kontrol

function dH = gradH UEVM2 (X, P, u)
global A B C Alpha k m4 gama alphal alpha2 m2 psi delta ml m3

ul = U(ll:);
uz2 = 2)

c

N
~
~

x1l =
X2 =
X3 =
x4 =

XXX X

pl =
p2
p3
pd =

I
Aol VAL vER]
S W N

4

— 2 .Fk Fp2-x1 . *x2 . %k *pl+Brul;
i [ . *psi.*p3+C*u2;

dH2] ;
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e Subprogramb: fungsi batas untuk u

function s=simplebounds UEVM2 (s, Lb,Ub)

% untuk batas atas
ns_tmp=s;
I=ns_tmp<Lb;
ns_tmp (I)=Lb(I);

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

% update u

s=ns_tmp;

end
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LAMPIRAN 8. Simulasi numerik model dengan kontrol konstan, kontrol
optimal dan tanpa kontrol

e Program Utama

clear all;
close all;
clc;

format long;

global A B C Alpha k m4 gama alphal alpha?2 m2 psi delta ml m3 wl
w2

ptf =[0; 0; 0; O0];
x0 = [10000; 1000; 100; 107;

o

% Nilai parameter diketahui

Alpha = 500;

k = 0.000009;
md = 0.1;

gama = 0.00001;
alphal = 0.004;
alpha2 = 0.005;
m2 = 0.00002;
psi = 0.007;
delta = 0.05;
ml = 100;

m3 = 0.05;
wl=0.2;

w2=0.8;

% interval waktu:

Nt=1000;

tf =1825; % Waktu akhir (waktu proporsional)
Tu=linspace (0, tf,Nt);

%batas kontrol:
M1=0.2;
M2=0.8;

nv=2; % jumlah kontrol
Lb=Ml.*ones (nv,Nt); % matrix batas bawah

bnes (nv,Nt); % matrix batas atas

Pter Steepast Descent:
D ;
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u=zeros (nv,Nt) ;

options = odeset ('AbsTol',le-2, 'RelTol',le-2);

[Tx, X] = ode23s(@(t,x) state UEVM2(t, x, u, Tu), Tu, x0,
options) ;

H norm lama=inf;
langkah (1)=1000;

for it = 1:10

% Forward

options = odeset ('AbsTol',le-2,'RelTol',le-2);

[Tx1, X1] = ode23s(@(t,x) state UEVM2(t, x, u, Tu), Tu, x0,
options) ;
% Backward

options = odeset ('AbsTol',le-2,'RelTol’',le-2);

[Tp, P] = ode23s(@(t, p) costate UEVM2(t, p, u, Tu, X1),
fliplr (Tu), ptf, options);

% Menghitung gradien H
dH = gradH UEVM2 (X1, P, u);
H norm=norm (dH, 2) ;

% Menghitung fungsi objektif
J = objektif UEVMZ (X1, u, Tu);

if H norm < eps
% Nilai fungsi objektif
Jopt=J;
Uopt=u;

break;

else
grad=dH/norm (dH, 2) ;
langkah (it)=15000;
newu=u-langkah (ki) *grad;
newu=simplebounds UEVM2 (newu, Lb, Ub) ;

[Tx1l, X1] = ode23s(@(t,x) state UEVM2(t, x, newu, Tu), Tu,
x0, options);

Jbaru= objektif UEVM2 (X1, newu, Tu);
eror (ki) =abs (Jbaru-J) ;

j=1;
while eror (ki) >eps

j=j+1;

langkah (ki) =langkah (ki) * (0.5);

newu=u-langkah (ki) *dH;

newu=simplebounds UEVM2 (newu, Lb,Ub) ;

[Tx1l, X1] = ode23s(@(t,x) state UEVM2(t, x, newu, Tu),
options) ;
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end;

Jbaru= objektif UEVM2 (X1, newu, Tu);
eror (ki) =abs (Jbaru-J) ;

disp(['eror: ',num2str (eror(ki))])
if 3>30
break

end
end
u=newu;
u=simplebounds UEVM2 (u,Lb,Ub) ;
disp(['norm(dH,2): ',num2str (norm(dH,2))1)

eror (ki) =abs (Jbaru-J) ;

end

options

[Tx1l, X1

] =

options) ;

odeset ("AbsTol',le-2, '"RelTol"',1le=-3);
ode23s (@ (t,x) state UEVM2(t, x, u, Tu), Tu, x0,

t=0:0.1:1825;
initial u=10000;
initial e=1000;
initial v=100;
initial m=10;

[t,x]=0ded5 (Rfixpointplot uevm gabung,t, [initial u;initial e;initi
al v;initial m,]);

figure (1)

plot(Tx, X(:, 1),'-r','Linewidth',1.5);
hold on

plot (Tx1l, X1(:, 1),'--b', 'Linewidth',1.5);
hold on

plot (t,x(:,1),'-m', 'Linewidth',1.5);
xlabel ('Waktu (hari)') ;

ylabel ('Pengangguran (U)");

stitle ('"Jumlah Pengangguran (U)"');

legend ('model tanpa kontrol', 'model dengan kontrol', 'kontrol
koo +-'\n').
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hold on
plot (Tx1l, X1(:, 2),'--b', 'Linewidth',1.5);

hold on
plot (t,x(:,2),'-m', 'Linewidth',1.5);
xlabel ('Waktu (hari)') ;

ylabel ('Pekerja Non Migran(E)');

stitle ('Pekerja Non Migran (E)');

legend ('model tanpa kontrol', 'model dengan kontrol', 'kontrol
konstan') ;

set (gcf,'color','w")

figure (3)

plot (Tx, X(:, 3),'-r','Linewidth',1.5);
hold on

plot (Tx1l, X1(:, 3),'--b', 'Linewidth',1.5);
hold on

plot (t,x(:,3),'-m', 'Linewidth',1.5);

xlabel ('"waktu (hari) ")

ylabel ('Lowongan Kerja(V)');

$title ('Jumlah Lowongan Kerja (V)');

legend ('model tanpa kontrol', 'model dengan kontrol', "kontrol
konstan') ;

set (gcf,'color','w")

figure (4);
plot (Tx, X(:,4),'-r', 'LineWidth', 1.5);

hold on

plot (Tx1l, X1(:,4),'--b','Linewidth',1.5);
hold on

plot (t,x(:,4),'-m', 'Linewidth',1.5);
xlabel ('"waktu (hari)') ;

ylabel ('Pekerja Migran (M)"'");

$title ('Jumlah Pekerja Migrasi (M)');

legend ('model tanpa kontrol', 'model dengan kontrol', "kontrol
konstan') ;

set (gcf, 'color','w'")

figure (5)

subplot (121)

plot (Tu, u(l,:),'-r");
xlabel ('waktu (hari)') ;
ylabel ('w 17*(t)")

set (gcf,'color','w")
subplot (122)

plot (Tu, u(2,:),'--b");
xlabel ('"waktu (hari)') ;

w_2°% (t) ")

F,'color','w'")
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e  Subprograml: Fungsi state

function dx = state UEVM2(t, x, u, Tu)

global A B C Alpha k m4 gama alphal alpha2 m2 psi delta ml m3

dx = zeros (4,1);
ul = u(l,:);
uz2 = u(2,:);

ul = interpl (Tu, ul', t);

u2 = interpl (Tu, u2', t);

dx (1) = Alpha-(1+ul)*k*x (1) .*x(3)+md*x (4) tgama*x (2)-alphal*x(1l);
dx (2) = (14+ul)*k*x (1) .*x(3)-alpha2*x(2)-gama*x(2)+m2*x(4) .*x(3);
dx (3) = u2*psi*x(l)-delta*x(3)+m4*x(4)+gama*x(2);

dx(4) = ml-m2*x(4) .*x(3)-méd*x(4)-m3*x(4);

end

e Subprogram?2: Fungsi costate

function dp = costate UEVM2(t, p, u, Tu, X)

global A B C Alpha k m4 gama alphal alpha2 m2 psi delta ml m3
dp = zeros (4, 1);

o)

% Backward

x1l = X(:, 1);
X2 = X(:, 2);
X3 = X(:, 3);
x4 = X(:, 4);

o

% Interpolasi variabel state
x1 = interpl (Tu, x1, t

’

)
x2 = interpl (Tu, x2, t);
x3 = interpl (Tu, x3, t);
x4 = interpl (Tu, x4, t);
ul = u(l,:);
u2 = u(2,:);

ul = interpl (Tu, ul', t);

Ferpl (Tu, u2', t);

“A-p (1) * (= (1l+ul) *k*x3-alphal) -p(2) * (1+ul) *k*x3-
Fpsi;
-p (1) *gama-p (2) * (~alpha2-gama) -p (3) *gama;
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dp(3) = -p(1)*(-(1+ul)*k*x1)-

p(2)* ((1+ul) *k*x1+m2*x4) +p (3) *delta+p (4) *m2*x4;

dp(4) = -p(l)*m4-p(2) *m2*x3-p (3) *md-p (4) * (-x3*m2-m3-m4) ;
end

e Subprogram3: Fungsi tujuan
function J = objektif UEVM2 (X, u, Tu)
global A B C

x1l = X(:,1);

ul = u(l,:);
u2 = u(2,:);

J=A*x1+(B/2) *ul'.”2+(C/2)*u2'.”2;
J = trapz(Tu, J);

end

e Subprogram4: Fungsi kontrol
function dH = gradH UEVM2 (X, P, u)
global A B C Alpha k m4 gama alphal alpha?2 m2 psi delta ml m3

ul = u(l,:);
u2 = )

[

N
~
~

x1l =
X2 =
X3 =
x4 =

XXX X

‘g U U d

1
2
0, 3
0, 4

dHl = x1.*x2.*k.*p2-x1.*x2.*k.*pl+B*ul;
dH2 = x1.*psi.*p3+C*u2;

dH=[dH1; dH2];

program>: fungsi batas untuk u

N s=simplebounds UEVM2 (s, Lb, Ub)
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Q

% untuk batas atas
ns_ tmp=s;
I=ns_ tmp<Lb;
ns_tmp (I)=Lb(I);
% untuk batas bawah
J=ns_tmp>Ub;
ns_tmp (J)=Ub (J) ;
% update u
s=ns_tmp;

end

e  Subprogramé: fungsi kontrol konstan

function dxdt=fixpointplot uevm gabung(t, x)

global Alpha k m4 gama alphal alpha2 m2 psi delta ml m3 wl w2
dxdt 1=Alpha-(1+wl)*k*x(1)*x(3)+m4*x (4)+gama*x(2)-alphal*x (1)
dxdt 2=(1+wl) *k*x (1) *x(3) ~gama*x (2) +m2*x (4) *x (3) —alpha2*x (2)
dxdt 3=w2*psi*x(1l)-delta*x(3)+md*x(4)+gama*x(2)

dxdt 4=ml-m2*x(4)*x(3) -md*x(4) -m3*x(4)

dxdt=[dxdt 1;dxdt 2;dxdt 3;dxdt 4;];
end
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