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LAMPIRAN 
Lampiran 1. Solusi Numerik Titik Kesetimbangan 
import numpy as np 
from scipy.optimize import fsolve 
from matplotlib import pyplot as plt 
import scipy.linalg as linalg 
from numpy.linalg import eig, inv 
from scipy.integrate import odeint 
 
#Model Metabolisme Asetaminopen 
def ModelRotem(s,p): 
    #Defines the differential equations for metabolism 
system. 
 
    #Arguments: 
    #s : vector of the state variables: 
    #s = [ s1, s2, s3, s4, s5, s6, s7, s8, s9] 
    #t : time 
    #p : vector of the parameters: 
    #p = [k1, k2, k3, k4, k5, k6, k7, k8, k9, k10, Km1, Km2, 
Km3, Km4, Km5, Km6, Km7, Km8, Km9, Km10, Km11, Ki7, Ki9, n, 
m, eta, hmax, r, kal, kgl, ksl, kgsh, knqgl, bg, dg, P, d] 
    s1, s2, s3, s4, s5, s6, s7, s8, s9= s 
    k1, k2, k3, k4, k5, k6, k7, k8, k9, Km1, Km2, Km3, Km4, 
Km5, Km6, Km7, Km8, Km9, Km10, Km11, Ki7, Ki9, n, m, eta, 
hmax, r, kal, ksl, kgl, kslt, knl, kgsh, knqgl, bg, dg, P, d, 
bs, ds, delta = p 
 
    # Create f = (s1', s2', s3', s4', s5', s6', s7', s8', 
s9'): 
    ds1=-(kal*s1) 
    ds2=(kal*s1)-
((((k1*s2)/(Km1+s2))+((k2*s2)/(Km2+s2))+((k3*s2)/(Km3+s2)))*(
1+(P*(s2**n)/(d**n+s2**n))))-
((k4*s2*s3)/(kslt+(Km4*s2)+(Km5*s3)+(s2*s3)))-
(((k5*(s2**m))/((Km6**m)+(s2**m)))+((k6*s2)/(Km7+(s2)*(1+s2/K
i7)))+((k7*s2)/(Km8+s2))+((k8*s2)/(Km9+(s2)*(1+s2/Ki9)))) 
    ds3=-((k4*s2*s3)/(kslt+(Km4*s2)+(Km5*s3)+(s2*s3)))-
(ds*s3) 
    ds4=((k4*s2*s3)/(kslt+(Km4*s2)+(Km5*s3)+(s2*s3)))+bs-
(ksl*s4) 
    ds5=(((k5*(s2**m))/((Km6**m)+(s2**m)))+((k6*s2)/(Km7+(s2)
*(1+s2/Ki7)))+((k7*s2)/(Km8+s2))+((k8*s2)/(Km9+(s2)*(1+s2/Ki9
))))-(kgl*s5) 
    ds6=((((k1*s2)/(Km1+s2))+((k2*s2)/(Km2+s2))+((k3*s2)/(Km3
+s2)))*(1+(P*(s2**n)/(d**n+s2**n))))-
((k9*s6*s7)/(kgsh+(Km10*s6)+(Km11*s7)+(s6*s7)))-(eta*s6*s9) 
    ds7=-((k9*s6*s7)/(kgsh+(Km10*s6)+(Km11*s7)+(s6*s7)))+bg-
(dg*s7) 
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    ds8=((k9*s6*s7)/(kgsh+(Km10*s6)+(Km11*s7)+(s6*s7)))-
(knqgl*s8) 
    ds9=((r*s9)*(1-(s9)/hmax))-(eta*s6*s9)-(delta*s9) 
    f = [ds1,ds2,ds3,ds4,ds5,ds6,ds7,ds8,ds9] 
    return f 
 

if __name__ == "__main__": 
    k1= 0.55 
    k2= 345 
    k3= 0.99 
    k4= 1785 
    k5= 6370 
    k6= 490 
    k7= 4900 
    k8= 8820 
    k9= 72000 
    Km1= 3430 
    Km2= 677 
    Km3= 276 
    Km4= 97 
    Km5= 0.0033 
    Km6= 5500 
    Km7= 4000 
    Km8= 9200 
    Km9= 23000 
    Km10= 15 
    Km11= 4600 
    Ki7= 23000 
    Ki9= 5300 
    kal= 4 
    ksl= 0.24 
    kgl= 0.81 
    kgsh= 0.001875 
    knqgl= 0.3 
    bg= 0.071 
    dg= 0.083 
    eta= 0.213*10**-4 
    delta= 0.0833 
    d= 18000 
    P= 20 
    hmax= (1.6)*10**11 
    r= 0.0417 
    n= 2 
    m= 3 
    bs= 0.138 
    ds= 0.083 
    knl= 0.001 
    kslt= 13.27 
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    # Pack up the parameters and initial conditions: 
    p = [k1, k2, k3, k4, k5, k6, k7, k8, k9, Km1, Km2, Km3, 
Km4, Km5,Km6, Km7, 
         Km8, Km9, Km10, Km11, Ki7, Ki9, n, m, eta, hmax, r, 
kal, kgl, ksl, kgsh, knqgl, knl, kslt, bg, dg, P, d, ds, bs, 
delta ] 
 
    s0 = [7, 5, 1, 1, 0, 0, 0.5, 0, 0.2] 
 
    # Find the equilibrium 
    eq = fsolve(ModelRotem, s0, args=(p)) 
    print(eq) 
 
Lampiran 2. Solusi Numerik Kestabilan Titik Kesetimbangan 
import numpy as np 
from scipy.optimize import fsolve 
from matplotlib import pyplot as plt 
import scipy.linalg as linalg 
from numpy.linalg import eig, inv 
from scipy.integrate import odeint 
 
if __name__ == "__main__": 
    k1= 0.55 
    k2= 345 
    k3= 0.99 
    k4= 1785 
    k5= 6370 
    k6= 490 
    k7= 4900 
    k8= 8820 
    k9= 72000 
    Km1= 3430 
    Km2= 677 
    Km3= 276 
    Km4= 97 
    Km5= 0.0033 
    Km6= 5500 
    Km7= 4000 
    Km8= 9200 
    Km9= 23000 
    Km10= 15 
    Km11= 4600 
    Ki7= 23000 
    Ki9= 5300 
    kal= 4 
    ksl= 0.24 
    kgl= 0.81 
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    kgsh= 0.001875 
    knqgl= 0.3 
    bg= 0.071 
    dg= 0.083 
    eta= 0.213*10**-4 
    delta= 0.0833 
    d= 18000 
    P= 20 
    hmax= (1.6)*10**11 
    r= 0.0417 
    n= 2 
    m= 3 
    bs= 0.138 
    ds= 0.083 
    knl= 0.001 
    kslt= 13.27 
 
    s1E= 5.09298567e-30 
    s2E= 1.62814114e-17 
    s3E= 1.83099313e-16 
    s4E= 1.02469136e-01 
    s5E= 7.04569259e-17 
    s6E= 5.33986213e-19 
    s7E= 8.55421687e-01 
    s8E= 6.29844985e-19 
    s9E= 4.40647615e-28 
 
    a11= -kal 
    a21= kal 
    a22= (-(((k1/(Km1+s2E))-
((k1*s2E)/(Km1+s2E)**2))+((k2/(Km2+s2E))-
((k2*s2E)/(Km2+s2E)**2))+((k3/(Km3+s2E))-
((k3*s2E)/(Km3+s2E)**2)))*(1+(P*(s2E**n))/((d**n)+(s2E**n))))
-
((((k1*s2E)/(Km1+s2E))+((k2*s2E)/(Km2+s2E))+((k3*s2E)/(Km3+s2
E)))*(((P*(s2E**n)*n)/(s2E*((d**n)+(s2E**n))))-
((P*((s2E**n)**2)*n)/(((d**n)+(s2E**n))**2)*(s2E))))-
((k4*s3E)/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt))+(((k4*s2E*s3E
)*(Km4+s3E))/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt)**2)-
((k5*(s2E**m)*m)/(s2E*(Km6**m)+(s2E**m)))+((k5*((s2E**m)**2)*
m)/((((Km6**m)+(s2E**m))**2)*s2E))-
(k6/(Km7+((s2E)*(1+(s2E/Ki7)))))+((k6*(s2E)*(1+((2*s2E)/Ki7))
)/(Km7+((s2E)*(1+s2E/Ki7))**2))-
(k7/(Km8+s2E))+((k7*s2E)/((Km8+s2E)**2))-
(k8/(Km9+((s2E)*(1+(s2E/Ki9)))))+((k8*((s2E)*(1+(2*s2E/Ki9)))
)/(Km9+((s2E)*(1+(s2E/Ki9)))**2)) 
    a23= -
((k4*s2E)/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt))+(((k4*s2E*s3E
)*(Km5+s2E))/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt)**2) 
    a32= -
((k4*s3E)/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt))+(((k4*s2E*s3E
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)*(Km4+s3E))/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt)**2) 
    a33= -
((k4*s2E)/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt))+(((k4*s2E*s3E
)*(Km5+s2E))/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt)**2)-ds 
    a42= (((k4*s3E)/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt))-
(((k4*s2E*s3E)*(Km4+s3E))/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt
)**2)) 
    a43= (((k4*s2E)/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt))-
(((k4*s2E*s3E)*(Km5+s2E))/((Km4*s2E)+(Km5*s3E)+(s2E*s3E)+kslt
)**2)) 
    a44= -ksl 
    a52= ((k5*(s2E**m)*m)/(s2E*(Km6**m)+(s2E**m)))-
((k5*m*((s2E**m)**2))/((((Km6**m)+(s2E**m))**2)*s2E))-
(k6/(Km7+((s2E)*(1+(s2E/Ki7)))))+((k6*(s2E)*(1+((2*s2E)/Ki7))
)/(Km7+((s2E)*(1+s2E/Ki7))**2))-
(k7/(Km8+s2E))+((k7*s2E)/((Km8+s2E)**2))-
(k8/(Km9+((s2E)*(1+(s2E/Ki9)))))+((k8*(s2E)*(1+(2*s2E/Ki9)))/
(Km9+((s2E)*(1+(s2E/Ki9)))**2)) 
    a55= -kgl 
    a62= (((k1/(Km1+s2E))-
((k1*s2E)/(Km1+s2E)**2))+((k2/(Km2+s2E))-
((k2*s2E)/(Km2+s2E)**2))+((k3/(Km3+s2E))-
((k3*s2E)/(Km3+s2E)**2))*(1+((P*(s2E**n))/((d**n)+(s2E**n))))
)+(((k1*s2E)/(Km1+s2E))+((k2*s2E)/(Km2+s2E))+((k3*s2E)/(Km3+s
2E)))*(((P*(s2E**n)*n)/(s2E*((d**n)+(s2E**n))))-
((P*n*((s2E**n)**2))/(((d**n)+(s2E**n))**2)*(s2E))) 
    a66= -(((k9*s7E)/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+kgsh))-
(((k9*s6E*s7E)*(Km10+s7E))/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+k
gsh)**2))-eta*s9E 
    a67= -(((k9*s6E)/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+kgsh))-
(((k9*s6E*s7E)*(Km11+s6E))/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+k
gsh)**2)) 
    a69= -eta*s6E 
    a76= -(((k9*s7E)/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+kgsh))-
(((k9*s6E*s7E)*(Km10+s7E))/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+k
gsh)**2)) 
    a77= -(((k9*s6E)/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+kgsh))-
(((k9*s6E*s7E)*(Km11+s6E))/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+k
gsh)**2))-dg 
    a86= (((k9*s7E)/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+kgsh))-
(((k9*s6E*s7E)*(Km10+s7E))/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+k
gsh)**2)) 
    a87= (((k9*s6E)/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+kgsh))-
(((k9*s6E*s7E)*(Km11+s6E))/((Km10*s6E)+(Km11*s7E)+(s6E*s7E)+k
gsh)**2)) 
    a88= -knqgl 
    a96= -eta*s9E 
    a99= (r*(1-((s9E)/hmax)))-((r*s9E)/hmax)-(eta*s6E)-
(delta) 
    i1= -(a99+a77+a66+a33+a22) 
    i2= -((-a22*a33)-(a22*a66)-(a22*a77)-(a22*a99)+(a23*a32)-
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(a33*a66)-(a33*a77)-(a33*a99)-(a66*a77)-
(a66*a99)+((a67)**2)+(a69*a96)-(a77*a99)) 
    i3= -
((a22*a33*a66)+(a22*a33*a77)+(a22*a33*a99)+(a22*a66*a77)+(a22
*a66*a99)-(a22*((a67)**2))-(a22*a69*a96)+(a22*a77*a99)-
(a23*a32*a66)-(a23*a32*a77)-
(a23*a32*a99)+(a33*a66*a77)+(a33*a66*a99)-(a33*((a67)**2))-
(a33*a69*a96)+(a33*a77*a99)+(a66*a77*a99)-(((a67)**2)*a99)-
(a69*a77*a96)) 
    i4= -((-a22*a33*a66*a77)-
(a22*a33*a66*a99)+(a22*a33*((a67)**2))+(a22*a33*a69*a96)-
(a22*a33*a77*a99)-
(a22*a66*a77*a99)+(a22*((a67)**2)*a99)+(a22*a69*a77*a96)+(a23
*a32*a66*a77)+(a23*a32*a66*a99)-(a23*a32*((a67)**2))-
(a23*a32*a69*a96)+(a23*a32*a77*a99)-
(a33*a66*a77*a99)+(a33*((a67)**2)*a99)+(a33*a69*a77*a96)) 
    i5= -
(a22*a33*a66*a77*a99)+(a22*a33*((a67)**2)*a99)+(a22*a33*a69*a
77*a96)+(a23*a32*a66*a77*a99)-(a23*a32*((a67)**2)*a99)-
(a23*a32*a69*a77*a96) 
 
Q1 = i1 
Q2 = i1*i2-i3 
Q3 = i1*i2*i3-i3**2+(i1**2)*i4 
Q4 = i1*i2*i3*i4-(i1*i4)**2-(i3**2)*i4 
Q5 = (i1*i2*i3*i4*i5)+(2*i1*i4*(i5)**2)+(i2*i3*(i5)**2)-
(((i1)**2)*((i4)**2)*i5)-(((i2)**2)*((i5)**2)*i1)-
(((i3)**2)*(i4)*i5)-i5**3 
 
    J = np.array([[a11, 0, 0, 0, 0, 0, 0, 0, 0], 
                  [a21, a22, a23, 0, 0, 0, 0, 0, 0], 
                  [0, a32, a33, 0, 0, 0, 0, 0, 0], 
                  [0, a42, a43, a44, 0, 0, 0, 0, 0], 
                  [0, a52, 0, 0, a55, 0, 0, 0, 0], 
                  [0, a62, 0, 0, 0, a66, a67, 0, a69], 
                  [0, 0, 0, 0, 0, a76, a77, 0, 0], 
                  [0, 0, 0, 0, 0, a86, a87, a88, 0], 
                  [0, 0, 0, 0, 0, a96, 0, 0, a99]]) 
    print(J) 
    print("eigenvalues : ", np.linalg.eigvals(J)) 
    print(Q1,Q2,Q3,Q4,Q5) 
 
Lampiran 3. Solusi Numerik Metabolic Control Analysis 
import numpy as np 
from scipy.optimize import fsolve 
from matplotlib import pyplot as plt 
import scipy.linalg as linalg 
from numpy.linalg import eig, inv 
from scipy.integrate import odeint 
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if __name__ == "__main__": 
    k1= 0.55 
    k2= 345 
    k3= 0.99 
    k4= 1785 
    k5= 6370 
    k6= 490 
    k7= 4900 
    k8= 8820 
    k9= 72000 
    Km1= 3430 
    Km2= 677 
    Km3= 276 
    Km4= 97 
    Km5= 0.0033 
    Km6= 5500 
    Km7= 4000 
    Km8= 9200 
    Km9= 23000 
    Km10= 15 
    Km11= 4600 
    Ki7= 23000 
    Ki9= 5300 
    kal= 4 
    ksl= 0.24 
    kgl= 0.81 
    kgsh= 0.001875 
    knqgl= 0.3 
    bg= 0.071 
    dg= 0.083 
    eta= 0.213*10**-4 
    delta= 0.0833 
    d= 18000 
    P= 20 
    hmax= (1.6)*10**11 
    r= 0.0417 
    n= 2 
    m= 3 
    bs= 0.138 
    ds= 0.083 
    knl= 0.001 
    kslt= 13.27 
 
    s1E= 5.09298567e-30 
    s2E= 1.62814114e-17 
    s3E= 1.83099313e-16 
    s4E= 1.02469136e-01 
    s5E= 7.04569259e-17 
    s6E= 5.33986213e-19 
    s7E= 8.55421687e-01 
    s8E= 6.29844985e-19 
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    s9E= 4.40647615e-28 
 
    j1= 
((((k1*s2E)/(Km1+s2E))+((k2*s2E)/(Km2+s2E))+((k3*s2E)/(Km3+s2
E)))*(1+(P*(s2E**n)/(d**n+s2E**n)))) 
    j2= ((k4*s2E*s3E)/(kslt+(Km4*s2E)+(Km5*s3E)+(s2E*s3E))) 
    j3= 
(((k5*(s2E**m))/((Km6**m)+(s2E**m)))+((k6*s2E)/(Km7+(s2E)*(1+
s2E/Ki7)))+((k7*s2E)/(Km8+s2E))+((k8*s2E)/(Km9+(s2E)*(1+s2E/K
i9)))) 
    j4= ((k9*s6E*s7E)/(kgsh+(Km10*s6E)+(Km11*s7E)+(s6E*s7E))) 
    j5= kal*s1E 
    j6= ds*s3E 
    j7= bs 
    j8= ksl*s4E 
    j9= kgl*s5E 
    j10= eta*s6E*s9E 
    #j11= knl*s10E 
    j11= dg*s7E 
    j12= bg 
    j13= knqgl*s8E 
 
    a1= (s2E*(((k1)/(Km1+s2E))-
(k1*s2E)/((Km1+s2E)**2)+(k2)/(Km2+s2E)-
(k2*s2E)/((Km2+s2E)**2)+(k3)/(Km3+s2E)-
(k3*s2E)/((Km3+s2E)**2))*(1+(P*(s2E**n))/((d**n)+(s2E**n)))+(
(k1*s2E)/(Km1+s2E)+(k2*s2E)/(Km2+s2E)+(k3*s2E)/(Km3+s2E))*((P
*(s2E**n)* n)/(s2E*((d**n)+(s2E**n)))-
(P*((s2E**n)**2)*n)/(((d**n)+((s2E**n))**2)*s2E)))/(((k1*s2E)
/(Km1+s2E)+(k2*s2E)/(Km2+s2E)+(k3*s2E)/(Km3+s2E))*(1+(P*(s2E*
*n))/((d**n)+(s2E**n)))) 
    a2= 
((Km4*s2E+Km5*s3E+s2E*s3E+kslt)*((k4*s3E)/(Km4*s2E+Km5*s3E+s2
E*s3E+kslt)-
(k4*s2E*s3E*(Km4+s3E))/((Km4*s2E+Km5*s3E+s2E*s3E+kslt)**2)))/
(k4*s3E) 
    a3= 
((Km4*s2E+Km5*s3E+s2E*s3E+kslt)*((k4*s2E)/(Km4*s2E+Km5*s3E+s2
E*s3E+kslt)-
(k4*s2E*s3E*(Km5+s2E))/((Km4*s2E+Km5*s3E+s2E*s3E+kslt)**2)))/
(k4*s2E) 
    a4= (s2E*((k5*(s2E**n)*n)/(s2E*((Km6**n)+(s2E**n)))-
(k5*((s2E**n)**2)*n)/(((Km6**n)+((s2E**n))**2)*s2E)+(k6)/(Km7
+s2E*(1+(s2E)/(Ki7)))-
(k6*s2E*(1+(2*s2E)/(Ki7)))/((Km7+s2E*(1+(s2E)/(Ki7)))**2)+(k7
)/(Km8+s2E)-
(k7*s2E)/((Km8+s2E)**2)+(k8)/(Km9+s2E*(1+(s2E)/(Ki9)))-
(k8*s2E*(1+(2*s2E)/(Ki9)))/((Km9+s2E*(1+(s2E)/(Ki9)))**2)))/(
(k5*(s2E**n))/((Km6**n)+(s2E**n))+(k6*s2E)/(Km7+s2E*(1+(s2E)/
(Ki7)))+(k7*s2E)/(Km8+s2E)+(k8*s2E)/(Km9+s2E*(1+(s2E)/(Ki9)))
) 
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    a5= 
((Km10*s6E+Km11*s7E+s6E*s7E+kgsh)*((k9*s7E)/(Km10*s6E+Km11*s7
E+s6E*s7E+kgsh)-
(k9*s6E*s7E*(Km10+s7E))/((Km10*s6E+Km11*s7E+s6E*s7E+kgsh)**2)
))/(k9*s7E) 
    a6= 
((Km10*s6E+Km11*s7E+s6E*s7E+kgsh)*((k9*s6E)/(Km10*s6E+Km11*s7
E+s6E*s7E+kgsh)-
(k9*s6E*s7E*(Km11+s6E))/((Km10*s6E+Km11*s7E+s6E*s7E+kgsh)**2)
))/(k9*s6E) 
K_cantik = np.array([[1, 0, 0, 0, 0, 0], 
                     [0, 0, 0, j4/j2, 0,j6/j2], 
                     [j1/j3, -j2/j3, 0, 0, 0, 0], 
                     [0, 1, 0, 0, 0, 0], 
                     [0, 0, j3/j5, 0, 0, 0], 
                     [0, 0, 0, 0, 0, j6/j6], 
                     [j1/j7, -j2/j7, j3/j7, j4/j7, 0, j6/j7], 
                     [0, 0, 1, 0, 0, 0], 
                     [0, 0, 0, 1, 0, 0], 
                     [0, 0, 0, 0, 1, 0], 
                     [0, 0, 0, 0, 0, 1], 
                     [j1/j12, 0, 0, 0, 0, 0], 
                     [0, 0, 0, 0, j5/j13, j6/j13]]) 
 
Mepsilon = np.array([[a1, 0, 0, 0, 0, 0, 0], 
                     [a2, a3, 0, 0, 0, 0, 0], 
                     [a4, 0, 0, 0, 0, 0, 0], 
                     [0, 0, 0, 0, a5, a6, 0], 
                     [0, 0, 0, 0, 0, 0, 0], 
                     [0, 1, 0, 0, 0, 0, 0], 
                     [0, 0, 0, 0, 0, 0, 0], 
                     [0, 0, 1, 0, 0, 0, 0], 
                     [0, 0, 0, 1, 0, 0, 0], 
                     [0, 0, 0, 0, 1, 0, 0], 
                     [0, 0, 0, 0, 0, 1, 0], 
                     [0, 0, 0, 0, 0, 0, 0], 
                     [0, 0, 0, 0, 0, 0, 1]]) 
print(Mepsilon) 
Neg_Mepsilon = -1*Mepsilon 
matriks_E = np.hstack((K_cantik, Neg_Mepsilon)) 
Invers_E = np.linalg.inv(matriks_E) 
Nol_1 = np.zeros((13,7)) 
Gab_1 = np.hstack((K_cantik,Nol_1)) 
identitas = np.identity(7) 
Nol_2 = np.zeros((7,6)) 
Gab_2 = np.hstack((Nol_2,identitas)) 
I = np.vstack((Gab_1,Gab_2)) 
 
Hasil = np.dot(I,Invers_E) 
print(Hasil) 
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Lampiran 4. Simulasi Numerik Model Metabolisme Asetaminofen Tanpa 
Kontrol 

function[S1,S2,S3,S4,S5,S6,S7,S8,S9,tsol]=model1Normal() 
k1= 0.55; 
k2= 345; 
k3= 0.99; 
k4= 1785; 
k5= 6370; 
k6= 490; 
k7= 4900; 
k8= 8820; 
k9= 72000; 
Km1= 3430; 
Km2= 677; 
Km3= 276; 
Km4= 97; 
Km5= 0.0033; 
Km6= 5500; 
Km7= 4000; 
Km8= 9200; 
Km9= 23000; 
Km10= 15; 
Km11= 4600; 
Ki7= 23000; 
Ki9= 5300; 
kal= 4; 
ksl= 0.24; 
kgl= 0.81; 
kgsh= 0.001875; 
knqgl= 0.3; 
bg= 0.071; 
dg= 0.083; 
eta= 0.213*10^-4; 
delta= 0.0833; 
d= 1800; 
P= 20; 
hmax= (1.6)*10^11; 
r= 0.0417; 
n= 2; 
m= 3; 
bs= 0.138; 
ds= 0.083; 
kslt= 13.27; 
 
f=@(t,x)[ 
    -(kal*x(1)); 
    (kal*x(1))-
((((k1*x(2))/(Km1+x(2)))+((k2*x(2))/(Km2+x(2)))+((k3*x(2))/(Km3+x(2
))))*(1+(P*(x(2)^n)/(d^n+x(2)^n))))-
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((k4*x(2)*x(3))/(kslt+(Km4*x(2))+(Km5*x(3))+(x(2)*x(3))))-
(((k5*(x(2)^m))/((Km6^m)+(x(2)^m)))+((k6*x(2))/(Km7+(x(2))*(1+x(2)/
Ki7)))+((k7*x(2))/(Km8+x(2)))+((k8*x(2))/(Km9+(x(2))*(1+x(2)/Ki9)))
); 
    -((k4*x(2)*x(3))/(kslt+(Km4*x(2))+(Km5*x(3))+(x(2)*x(3))))-
(ds*x(3)); 
    ((k4*x(2)*x(3))/(kslt+(Km4*x(2)+(Km5*x(3))+(x(2)*x(3)))))+bs-
(ksl*x(4)); 
  
(((k5*(x(2)^m))/((Km6^m)+(x(2)^m)))+((k6*x(2))/(Km7+(x(2))*(1+x(2)/
Ki7)))+((k7*x(2))/(Km8+x(2)))+((k8*x(2))/(Km9+(x(2))*(1+x(2)/Ki9)))
)-(kgl*x(5)); 
    
((((k1*x(2))/(Km1+x(2)))+((k2*x(2))/(Km2+x(2)))+((k3*x(2))/(Km3+x(2
)))*(1+(P*(x(2)^n)/(d^n+x(2^n)))))-
((k9*x(6)*x(7))/(kgsh+(Km10*x(6))+(Km11*x(7))+(x(6)*x(7)))))-
(eta*x(6)*x(9)); 
    -
((k9*x(6)*x(7))/(kgsh+(Km10*x(6))+(Km11*x(7))+(x(6)*x(7))))+bg-
(dg*x(7)); 
    ((k9*x(6)*x(7))/(kgsh+(Km10*x(6))+(Km11*x(7))+(x(6)*x(7))))-
(knqgl*x(8)); 
    ((r*(x(9)))*(1-(x(9))/hmax))-(eta*x(6)*x(9))-(delta*x(9)); 
    ]; 
 [tsol,xsol]=ode113(f,[0 0.3],[7;5;1;1;0;0;0.5;0;0.2]); 
S1=xsol(:,1); 
S2=xsol(:,2); 
S3=xsol(:,3); 
S4=xsol(:,4); 
S5=xsol(:,5); 
S6=xsol(:,6); 
S7=xsol(:,7); 
S8=xsol(:,8); 
S9=xsol(:,9); 
end 
 
Plot 
clear; 
clc; 
[S1,S2,S3,S4,S5,S6,S7,S8,S9,t]=model1Normal(); 
 
figure(1) 
plot(t,S1,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('APAP di Usus (S_1)'); 
figure(2) 
plot(t,S2,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('APAP di Hati (S_2)'); 
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figure(3) 
plot(t,S3,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('PAPS di Hati (S_3)'); 
figure(4) 
plot(t,S4,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('APAP-S di Hati (S_4)'); 
figure(5) 
plot(t,S5,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('APAP-G di Hati (S_5)'); 
figure(6) 
plot(t,S6,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('NAPQI di Hati (S_6)'); 
figure(7) 
plot(t,S7,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('Antioksidan GSH di Hati (S_7)'); 
figure(8) 
plot(t,S8,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('NAPQI-GSH di Hati (S_8)'); 
figure(9) 
plot(t,S9,'b','LineWidth',0.5); 
xlabel('Waktu (hari)'); 
ylabel ('Sel hidup di Hati (S_9)'); 
 
 
Lampiran 5. Simulasi Numerik Model Metabolisme Asetaminofen Tanpa 

Kontrol dan dengan kontrol 
State 
function dx=naura_state2(t, x, u, Tu) %Tu adalah inputan %t,x,u 
adalah variabel 
global k1 k2 k3 k4 k5 k6 k7 k8 k9 Km1 Km2 Km3 Km4 Km5 Km6 Km7 Km8 
Km9 Km10 Km11 Ki7 Ki9 kal ksl kgl kgsh knqgl bg dg eta delta d b 
hmax r n m bs ds knl kslt 
dx=zeros(9,1); 
u1=u(1,:);  
u1=interp1(Tu,u1',t); 
u2=u(2,:);  
u2=interp1(Tu,u2',t); 
dx(1)=-(kal.*x(1)); 
dx(2)=(kal.*x(1))-((((k1.*x(2))./(Km1+x(2)))+(((1-
u1).*k2.*x(2))./(Km2+x(2)))+((k3.*x(2))./(Km3+x(2)))).*(1+(b.*(x(2)
.^n)./(d.^n+x(2).^n))))-
((k4.*x(2).*x(3))./(kslt+(Km4.*x(2))+(Km5.*x(3))+(x(2).*x(3))))-



80 
 

 
 

(((k5.*(x(2).^m))./((Km6.^m)+(x(2).^m)))+((k6.*x(2))./(Km7+(x(2)).*
(1+x(2)./Ki7)))+((k7.*x(2))./(Km8+x(2)))+(((1-
u2).*k8.*x(2))./(Km9+(x(2)).*(1+x(2)./Ki9)))); 
dx(3)=-
((k4.*x(2).*x(3))./(kslt+(Km4.*x(2))+(Km5.*x(3))+(x(2).*x(3))))-
(ds.*x(3)); 
dx(4)=((k4.*x(2).*x(3))./(kslt+(Km4.*x(2)+(Km5.*x(3))+(x(2).*x(3)))
))+bs-(ksl.*x(4)); 
dx(5)=(((k5.*(x(2).^m))./((Km6.^m)+(x(2).^m)))+((k6.*x(2))./(Km7+(x
(2)).*(1+x(2)./Ki7)))+((k7.*x(2))./(Km8+x(2)))+(((1-
u2).*k8.*x(2))./(Km9+(x(2)).*(1+x(2)./Ki9))))-(kgl.*x(5)); 
dx(6)=((((k1.*x(2))./(Km1+x(2)))+(((1-
u1).*k2.*x(2))./(Km2+x(2)))+((k3.*x(2))./(Km3+x(2))).*(1+(b.*(x(2).
^n)./(d.^n+x(2.^n)))))-
((k9.*x(6).*x(7))./(kgsh+(Km10.*x(6))+(Km11.*x(7))+(x(6).*x(7)))))-
(eta.*x(6).*x(9)); 
dx(7)=-
((k9.*x(6).*x(7))./(kgsh+(Km10.*x(6))+(Km11.*x(7))+(x(6).*x(7))))+b
g-(dg.*x(7)); 
dx(8)=((k9.*x(6).*x(7))./(kgsh+(Km10.*x(6))+(Km11.*x(7))+(x(6).*x(7
))))-(knqgl.*x(8)); 
dx(9)=((r.*(x(9))).*(1-(x(9))./hmax))-(eta.*x(6).*x(9))-
(delta.*x(9)); 
end 
 
Costate 
function dp=naura_costate2(t, p, u, Tu, X)  
global w1 k1 k2 k3 k4 k5 k6 k7 k8 k9 Km1 Km2 Km3 Km4 Km5 Km6 Km7 
Km8 Km9 Km10 Km11 Ki7 Ki9 kal ksl kgl kgsh knqgl  dg eta delta d b 
hmax r n m  ds knl kslt 
% Backward 
x2 = X(:, 2); 
x3 = X(:, 3); 
x6 = X(:, 6); 
x7 = X(:, 7); 
x9 = X(:, 9); 
% Interpolasi variabel state 
x2 = interp1(Tu, x2, t); 
x3 = interp1(Tu, x3, t); 
x6 = interp1(Tu, x6, t); 
x7 = interp1(Tu, x7, t); 
x9 = interp1(Tu, x9, t); 
u1 = u(1,:); 
u2 = u(2,:); 
u1 = interp1(Tu,u1',t);  
u2 = interp1(Tu,u2',t);  
dp=zeros(9,1);  
dp(1)=p(1)*kal+p(2)*kal; 
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dp(2)=-p(2)*((((-(k1/(Km1+x2))-((k1*x2)/(Km1+x2)^2)+(1-
u1)*k2/(Km2+x2)-((1-u1)*k2*x2)/(Km2+x2)^2+k3/(Km3+x2)-
(k3*x2)/(Km3+x2)^2)*(1+b*(x2^n)/((d^n)+(x2^n)))-
((k1*x2)/(Km1+x2))+(((1-
u1)*k2*x2)/(Km2+x2))+((k3*x2)/(Km3+x2)))*((b*x2^n*n/(x2*((d^n)+(x2^
n))))-(b*(x2^n)^2*n/(((d^n)+(x2^n))^2*x2)))-
(k4*x3/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt))+(k4*x2*x3*(Km4+x3)/((Km4*x
2)+(Km5*x3)+(x2*x3)+kslt)^2))-((-
k5*x2^m*m/(x2*((Km6^m)+(x2^m))))+(k5*(x2^m)^2*m/(((Km6^m)+(x2^m))^2
*x2))-
(k6/(Km7+x2*(1+x2/Ki7)))+(k6*x2*(1+2*x2/Ki7)/(Km7+x2*((1+x2)/Ki7))^
2)-(k6/(Km8+x2))+((k6*x2)/(Km8+x2)^2)-((1-
u2).*k8/(Km9+x2*(1+x2/Ki9)))+(((1-
u2).*k8*x2)*(1+2*x2/Ki9)/(Km9+x2*(1+x2/Ki9))^2)))-p(3)*(-
(k4*x3/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt))+(k4*x2*x3*(Km4+x3)/((Km4*x
2)+(Km5*x3)+(x2*x3)+kslt)^2))-
p(4)*((k4*x3/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt))-
(k4*x2*x3*(Km4+x3)/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt)^2))-p(5)*((-
k5*x2^m*m/(x2*((Km6^m)+(x2^m))))+(k5*(x2^m)^2*m/(((Km6^m)+(x2^m))^2
*x2))-
(k6/(Km7+x2*(1+x2/Ki7)))+(k6*x2*(1+2*x2/Ki7)/(Km7+x2*((1+x2)/Ki7))^
2)-(k7/(Km8+x2))+((k7*x2)/(Km8+x2)^2)-((1-
u2).*k8/(Km9+x2*(1+x2/Ki9)))+(((1-
u2).*k8*x2)*(1+2*x2/Ki9)/(Km9+x2*(1+x2/Ki9))^2))-
p(6)*((k1/(Km1+x2)-(k1*x2)/(Km1+x2)^2+(1-u1)*k2/(Km2+x2)-((1-
u1)*k2*x2)/(Km2+x2)^2+k3/(Km3+x2)-
(k3*x2)/(Km3+x2)^2)*(1+b*x2^n/((d^n)+(x2^n)))+((k1*x2)/(Km1+x2)+((1
-u1)*k2*x2)/(Km2+x2)+(k3*x2)/(Km3+x2))*(b*(x2^n)*n/(x2*(d^n+x2^n))-
b*(x2^n)^2*n/(((d^n)+(x2^n))^2*x2))); 
dp(3)=-p(2)*((-
k4*x2/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt))+(k4*x2*x3*(Km5+x2)/((Km4*x2
)+(Km5*x3)+(x2*x3)+kslt)^2))-p(3)*((-
k4*x2/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt))+(k4*x2*x3*(Km5+x2)/((Km4*x2
)+(Km5*x3)+(x2*x3)+kslt)^2)-ds)-
p(4)*((k4*x2/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt))-
(k4*x2*x3*(Km5+x2)/((Km4*x2)+(Km5*x3)+(x2*x3)+kslt)^2)); 
dp(4)=p(4)*ksl; 
dp(5)=p(5)*kgl; 
dp(6)=-p(6)*((-
k9*x7/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh))+(k9*x6*x7*(Km10+x7)/((Km1
0*x6)+(Km11*x7)+(x6*x7)+kgsh)^2)-eta*x9)-p(7)*((-
k9*x7/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh))+(k9*x6*x7*(Km10+x7)/((Km1
0*x6)+(Km11*x7)+(x6*x7)+kgsh)^2))-
p(8)*((k9*x7/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh))-
(k9*x6*x7*(Km10+x7)/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh)^2))+(p(9)*et
a*x6); 
dp(7)=w1-p(6)*((-
k9*x6/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh))+(k9*x6*x7*(Km11+x6)/((Km1
0*x6)+(Km11*x7)+(x6*x7)+kgsh)^2))-p(7)*((-
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k9*x6/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh))+(k9*x6*x7*(Km11+x6)/((Km1
0*x6)+(Km11*x7)+(x6*x7)+kgsh)^2-dg))-
p(8)*((k9*x6/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh))-
(k9*x6*x7*(Km11+x6)/((Km10*x6)+(Km11*x7)+(x6*x7)+kgsh)^2)); 
dp(8)=p(8)*knqgl; 
dp(9)=-p(6)*(eta*x9)-p(9)*(r*((1-x9)/hmax)-((r*x9)/hmax)-(eta*x6)-
delta); 
end 
 
Fungsi Objektif 
function J=naura_objektif2(X,u,Tu) 
global w1 w2 w3  
x7=X(:,7); 
u1=u(1,:); 
u2=u(2,:); 
% J=w1.*x7; 
% J=trapz(Tu,J); 
 
% J=(w2/2)*u1'.^2; 
% J=trapz(Tu,J); 
 
% J=w3/2*u2'.^2; 
% J=trapz(Tu,J); 
  
J= -w1.*x7+(w2)*u1'-(w3)*u2'; 
J=trapz(Tu,J); 
Kontrol 
function u = naura_kontrol2(X,P,u) 
global w2 w3 k2 k8 Km2 Km9 Ki9 kgsh n b d 
u1=u(1,:); 
u2=u(2,:); 
x2 = X(:, 2)'; 
x6 = X(:, 6)'; 
x7 = X(:, 7)'; 
p2 = P(:, 2)'; 
p5 = P(:, 5)'; 
p6 = P(:, 6)'; 
p7 = P(:, 7)'; 
p8 = P(:, 8)'; 
dH1= w2.*u1+p2.*k2.*x2.*(1+b.*(x2.^n)./((d.^n)+(x2.^n)))./(Km2+x2)-
p6.*k2.*x2.*(1+b.*(x2.^n)./((d.^n)+(x2.^n)))./(Km2+x2); 
dH2= -w3.*u2-p2.*k8.*x2./(Km9+x2.*(1+x2./Ki9)) 
p5.*k8.*x2./(Km9+x2.*(1+x2./Ki9)); 
u=[dH1;dH2]; 
end 
 
Batas 
function s=naura_f_simplebounds2(s,Lb,Ub) 
 % untuk batas bawah 
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 ns_tmp=s; 
 Z=ns_tmp<Lb; 
 ns_tmp(Z)=Lb(Z); 
 % untuk batas atas  
 J=ns_tmp>Ub; 
 ns_tmp(J)=Ub(J); 
 % Update u 
 s=ns_tmp; 
end 
 
Plot 
clear all; 
close all; 
clc; 
format long; 
global w1 w2 w3 k1 k2 k3 k4 k5 k6 k7 k8 k9 Km1 Km2 Km3 Km4 Km5 Km6 
Km7 Km8 Km9 Km10 Km11 Ki7 Ki9 kal ksl kgl kgsh knqgl bg dg eta 
delta d b hmax r n m bs ds knl kslt 
ptf =[0; 0; 0; 0; 0; 0; 0; 0; 0]; 
x0 = [7; 5; 1; 1; 0; 0; 0.5; 0; 0.2]; 
 
%Nilai parameter model  
k1= 0.55;k2= 345;k3= 0.99;k4= 1785;k5= 6370;k6= 490;k7= 4900;k8= 
8820;k9= 72000;Km1= 3430;Km2= 677;Km3= 276;Km4= 97;Km5= 0.0033;Km6= 
5500;Km7= 4000;Km8= 9200;Km9= 23000; 
Km10= 15;Km11= 4600;Ki7= 23000;Ki9= 5300;kal= 4;ksl= 0.24;kgl= 
0.81;kgsh= 0.001875;knqgl= 0.3;bg= 0.071;dg= 0.083; 
eta= 0.213*10^-4;delta= 0.0833;d= 1800;b= 20;hmax= (1.6)*10^11;r= 
0.0417;n= 2;m= 3;bs= 0.138;ds= 0.083;knl= 0.001;kslt= 13.27;  
w1 = 0.4; %Bobot Kontrol U 
w2 = 0.3; %Bobot Kontrol w1 
w3 = 0.3; %Bobot Kontrol w2 
% time span: 
Nt=1000; 
tf =0.3; % Time akhir(Time proporsional) 
Tu=linspace(0,tf,Nt); 
%batas kontrol: v  
M1=0.2; 
M2=0.8; 
nv=2; % jumlah kontrol 
Lb=M1.*ones(nv,Nt); % matrix batas bawah 
Ub=M2.*ones(nv,Nt); % matrix batas atas 
% parameter SD: 
eps=0.6; 
kmax=5; 
ki=1; 
% ---------------------------------------------------------- 
u=zeros(nv,Nt); 
%options = odeset('AbsTol',1e-2,'RelTol',1e-2); 
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[Tx, X] = ode113(@(t,x) naura_state2(t, x, u, Tu), Tu, x0); 
% ---------------------------------------------------------- 
H_norm_lama=inf; 
langkah(1)=10000; 
for it = 1:10                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
 % Forward 
 %options = odeset('AbsTol',1e-2,'RelTol',1e-2); 
 [Tx1, X1] = ode113(@(t,x) naura_state2(t, x, u, Tu), Tu, x0); 
 %options = odeset('AbsTol',1e-2,'RelTol',1e-2); 
 [Tp, P] = ode113(@(t, p) naura_costate2(t, p, u, Tu, X1), 
fliplr(Tu), ptf); 
  
 % Menghitung gradien H 
 dH = naura_kontrol2(X1, P, u); 
 H_norm=norm(dH,2); 
 % Menghitung fungsi objektif 
 J = naura_objektif2(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=naura_f_simplebounds2(newu,Lb,Ub); 
 [Tx1, X1] = ode113(@(t,x) naura_state2(t, x, newu, Tu), Tu, x0); 
  
 Jbaru= naura_objektif2(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=naura_f_simplebounds2(newu,Lb,Ub); 
 [Tx1, X1] = ode113(@(t,x) naura_state2(t, x, newu, Tu), Tu, x0); 
 Jbaru= naura_objektif2(X1, newu, Tu); 
 eror(ki)=abs(Jbaru-J); 
 disp(['eror: ',num2str(eror(ki))]) 
 
 if j>30 
 break 
 end 
 end 
 u=newu; 
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 u=naura_f_simplebounds2(u,Lb,Ub); 
 disp(['norm(dH,2): ',num2str(norm(dH,2))]) 
 end 
 eror(ki)=abs(Jbaru-J); 
end 
disp(J); 
 [Tx1, X1] = ode113(@(t,x) naura_state2(t, x, u, Tu), Tu, x0); 
figure(1) 
plot(Tx, X(:, 1),'-r','LineWidth',0.5); 
hold on 
plot(Tx1, X1(:, 1),'--b','LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('APAP di Usus (S_1)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(2) 
plot(Tx, X(:, 2),'-r', 'LineWidth',0.5); 
hold on 
plot(Tx1, X1(:, 2),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('APAP di Hati (S_2)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
  
figure(3) 
plot(Tx, X(:, 3),'-r', 'LineWidth',0.5); 
hold on 
plot(Tx1, X1(:, 3),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('PAPS di Hati (S_3)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
  
figure(4); 
plot(Tx, X(:,4),'-r', 'LineWidth', 0.5); 
hold on 
plot(Tx1, X1(:,4),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('APAP-S di Hati (S_4)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(5); 
plot(Tx, X(:,5),'-r', 'LineWidth', 0.5); 
hold on 
plot(Tx1, X1(:,5),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('APAP-G di Hati (S_5)'); 
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legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(6); 
plot(Tx, X(:,6),'-r', 'LineWidth', 0.5); 
hold on 
plot(Tx1, X1(:,6),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('NAPQI di Hati (S_6)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(7); 
plot(Tx, X(:,7),'-r', 'LineWidth', 0.5); 
hold on 
plot(Tx1, X1(:,7),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('Antioksidan GSH di Hati (S_7)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(8); 
plot(Tx, X(:,8),'-r', 'LineWidth', 0.5); 
hold on 
plot(Tx1, X1(:,8),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('NAPQI-GSH di Hati (S_8)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(9); 
plot(Tx, X(:,9),'-r', 'LineWidth', 0.5); 
hold on 
plot(Tx1, X1(:,9),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel ('Sel hidup di Hati (S_9)'); 
legend('Tanpa kontrol','Dengan kontrol'); 
set (gcf,'color','w') 
 
figure(10) 
plot(Tu, u(1,:),'-r', 'LineWidth',0.5); 
hold on 
plot(Tu, u(2,:),'--b', 'LineWidth',0.5); 
xlabel('Waktu (hari)') ; 
ylabel('u_i^*(t)'); 
%ylim([0 1]);  
legend('u_1^*(t)', 'u_2^*(t)', 'Orientation', 'horizontal'); 
set (gcf,'color','w') 
 


