
APPENDIX

// Newton Rapson method for two variables (q, r) in R Programming for chapter 2 //

AC=function(x)

{
q—x[l] 
i=x[2]
k=10; h=5; d=20; theata=5; c=5 
mu=2,5; lemda=0.25; pic=25; pi=250 
de=0; theata=d+theata; ie=0.08 
ic=0.15; T0=0.6; R=0.05; tl=6 
Po=mu/(Iemda+mu) 
pi=lemda/(lemda+mu) 
u=exp((-mu*r)/dtheata) 
v=exp((mu*r)/dtheata) 
w=exp(R*tl)
CioKu*w/(muA2))*((h*v*(mu*r-(dtheata))+((pi*mu*d)+(h*dtheata)+pic)

-(theata*c*mu)))+((theata*c)/mu)
wi =exp(-(lemda+mu)* (q/dtheata))
P0i=pl-pl*wi
Ao=k+((.5*h*qA2*w)/dtheata)+((h*r*q*w)/dtheata)+((theata*c*q*w)/dtheata) 
T00=(q/dtheata)+((l/mu)*P01)
Iei=d*c*T00*T0*Ie
Ie2=((d*c*TOO+Iel)*(TOO-T0)*Ie)
Ic=de*d*c*ic*(TOO-T0)
A=A0/T00
BO=Cio*P0i
B-B0/T00
C0=(Iei+Ie2)
C=C0/T00
D=lc/T00
retum(A+B-C+D)

}
Output of R-code
nlm(AC, p=c(8,9))
$minimum 
[1] 260,3604 
$estimate
•[13 18.56644 14.14799
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// Newton Rapson method for two variables (q, r) in R Programming for chapter 3 //

AC=fimction(x)
{
q=x[l]
i=x[2]
k=10; h=5; d=20; theata=5; c=5; mu=2.5; lemda=0.25; pic=25; pi=250
T 1=0.3; T=0.6; alpha=0.5; Ie=0.Q8; Ic=0.15; R=0.05; tl=6; U=0; V=1
dtheata=d+theata
Po=mu/(lemda+mu)
p i=lemda/(lemda+mu)
a=exp((-mu*r)/dtheata)
b=exp((mu*r)/dtheata)
w=exp(R*tl)
Cio=(a*w/(muA2))*((h*b*(mu*r-(dtheata))+((pi*mu*d)+(h*dtheata)+pic)
- (theata*c*mu)))+((theata*c*w)/mu)
Wi=exp(-(lemda+mu)*(q/dtheata))
Poi=pl-pl*wl
Ao=k+((.5*h*w*qA2)/dtheata)+((h*r*w*q)/dtheata)+((theata*c*w*q)/dtheata) 
T00=(q/dtheata)+(( 1 /mu)*P01)
El=(<:*d*w*T0Q*Tl*Ie)-((l-alpha)*c*d*w*TQ0*(T-Tl)*Ie)
- (y*d*c*w*alpha*T00*(T-Tl)*Ie)+(U*d*c*w*alpha*T00*(T-Tl)*Ie) 
-(c*d*w*T00*Tl *Ie*(T-Tl)*Ie)
E2=(-V*(((l-alpha)*c*d*w*T00*(T00-T)*Ie)+(c*d*w*T00*Tl*Ie*(T-Tl)
*Ie*(T00-T)*Ie)+(c*d*w*T00*Tl*Ie*(T00-T)*Ie)+((l-alpha)*c*d*w*T00*(T-Tl)
*Ie*(T00-T)*Ie)))
E3=(-V*(U*(d*c*w*alpha*T00*Ie*(T-Tl)*(T00-T)
*le)))+(V*(U*((d*c*w*alpha*TOO*Ic*(TOO-T))+((l-alpha)*c*d*w*TOO*Ic*(TOO-T)))))
A=A0/T00
BO=C10*P01
B=B0/T00
D=(E1+E2+E3)
E=D/T00
retura(A+B+E)
}
Output of R-code
nlm(AC, p=c(8,9))
$minlmum 
[1] 260.9979

$estimate
[1] 17.83440 14.41302
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// Newton Rapson method for four variables (qo, qi, q2, r) in R Programming 
for chapter 4//

AC = function(x)
{
qo = x[i]
qi = x[2] 
qz - x[3] 
r =x[4]
k=5; h=5; d=20; theata=4; c=l; mul=3.4; mu2=2.5; leradal-0.58; lemda2=0.45;

pi=350; T01=.6; T02=.8 Iel=0.02; Ie2=0.04; icl=0.11; ic2=0.13; alpha 1=0; alpha2=0
delta=mul+mu2
dtheata=d+theata
rowl=mul/delta
row2=mu2/delta
Tbar= 1/(mu 1+mu2)
po=(mul*mu2)/((lemdal+mul);,:(lemda2+mu2)) 
Pi=(lemda2*mul)/((lemdal+mul)*(lemda2+mu2)) 
p2=(lemdal *mu2)/((lemdal +mu 1 )*(lemda2+mu2))
P3=(lemdal * lemda2)/((lemda I +mu 1)*(lemda2+mu2))
u=exp(-(delta*r)/dtheata)
v=exp((delta* r)/dtheata)
cbar=(u/(deltaA2))*((h*v*(delta*r-dtheata)+((pi*delta*d)+(h*dtheata)+pic)--
(theata*c*delta)))+(theata*c)/delta
wi =exp(-(lemda 1 +mu 1) * (qO/dtheata))
w2=exp(-(lemda2+mu2)*(q0/dtheata))
W3=exp(-(lemdal+mul+lemda2+mu2)*(q0/dtheata))
P01 =p 1+(p3* wl )-(p t * w2)-(p3 * w3)
P02=p2-(p2* wl )+(p3*w2)-(p3 *w3)
P03=p3-(p3 * w 1 )-(p3 * w2)4-(p3 * w3) 
y 1 =exp(-(lemdal +mu 1 )* (q i/dtheata)) 
y2=exp(-(lemda2+mu2)* (q j/dtheata)) 
y3=exp(-(lemdal +mu 1 +Iemda2+mu2)* (q 1/dtheata))
PI l=pi+(p3*yl)+<po*y2)+(p2*y3)
P12=p2-(p2*y l)-(p2*y2)+(p2*y3)
P13=p3-(p3*y l)+(p2*y2)-(p2*y3) 
zl=exp(-(lemda 1 +mul )* (q2/dtheata)) 
z2=exp(-(lemda2+mu2)*(q2/dtheata)) 
z3=exp(-(lemdal+mul+Iemda2+mu2)*(q2/dtheata))
P21 =p 1 -(p 1 *zl )~(p 1 *z2)+(p 1 *z3)
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P22=p2+(p0*zl )+(p3 *z2)+(p 1 *z3)
P23=p3+(p 1 *z 1 )-(p3 *z2)-(p 1 *z3)
AO=k+((.5*h*qOA2)/dtheata)+((h*r*qO)/dtheata)+((theata*c*qO)/dtheata)
A1 “k+((.5*h*q 1 A2)/dtheata)+((h*r*q 1 )/dtheata)+((theata*c*q 1 )/dtheata)
A2=k+((. 5 * h* q2 A2)/dtheata)+((h*r * q 2)/dtheata)+((theata* c * q2)/dtheata) 
Nu=((A2+P23 *cbar)*( 1 -P11 -P13 *rowl ))+((P21+P23 *rowl )* (A 1+P13 *cbar)) 
Den=((l-P22-P23*row2)*(l-Pll-P13*rowl))-((P21+P23*rowl)*(P12+P13*row2» 
C20=Nu/Den
Num 1 =(A 1+P13 *cbar)+((P 12+P13 *row2)* C20)
Denl^l-Pl l-P13*rowl)
C10=Numl/Denl
C30=cbari-(rowl *C 10+ro\^2*C20)
Num2=((q2+P23 *Tbar)*( 1 -P11 -P13 *rowl ))+((P21+P23 *rowl )*(q 1+P13 *Tbar)) 
Den2=(( 1-P22-P23 *row2)* (1 -P11 -P13 *row 1 »-((P21+P23 *row 1 )*(P 12+P 13 *ro w2» 
T20=Num2/Den2
Num3=(q 1+P13 *Tbar)+((P 12+P 13*row2)*T20)
Den3=(l-Pl l-P13*rowl)
T10=Num3/Den3
T3 0=Tbar+(rowl *T 10+row2*T20)
TOO=(qO/dtheata)+(PO 1 *T 10)4<P02*T20)+(P03*(Tbar+rowl *T10+row2*T20)) 
Iell=(d*c*T00*T01*Iel)
Ie 12=(d*c*T00*T02*Ie2)
Ie21=((d*c*T00+Iel l)*(T00-T01)*Iel)
Ie22=((d*c*T00+Iel2)*(T00-T02)*Ie2)
Icl=(alphal *d*c*icl *(T00-T01))
Ic2=(alpha2M*c*ic2*(T00-T02))
C101=:C10-(Iell+Ie21)+Icl 
C20 l=C20-(Ie 12+Ie22)+Ic2 
C30 l=cbar+(rowl *C 10 l+row2*C201)
B0=P01*C101
C0=P02*C201
D0=P03*C301
A=A0/T00
B=B0/T00
C=C0/T00
D=D0/T00
return (A+B+C+D)

}
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Output of R-code
nlm(AC, p=c(8,9,l,4))
$minimum 
[1] 5.900553 
$estimate
[1] 9.216337 41.8218088 41.9396503 0.7624755

// Newton Rapson method for four variables (qo, qi, qi, r) in R Programming 
for chapter 5 //

AC = fiinction(x)
{
q0 = x[l] 
ql=x[2] 
q2 = x[3] 
r -x[4]

lc=5; h—5; d=20; theata=4; c=l; mu 1-3.4; mu2=2.5; lemdal=.58; lemda2=.45
pic-25; pi-350; T01-.6; T02-.8; iel-0.02; ie2-0.04; icl-.ll; ic2-.13 R-0.05
tl=6; alphal=0; alpha2=0
delta=mul+mu2
dtheata=d+theata
row 1-mu 1/delta
row2=mu2/delta
Tbar= 1 /(mu 1 +mu2)
p0=(mul *mu2)/((lemda 1 +mu 1 )*(lemda2+mu2))
p 1 =(lemda2 * mu 1)/((lemda 1 +mu 1 )*(lemda2+mu2))
p2=(lemdal*mu2)/((lemdal+mul)*(lemda2+mu2))
p3=(lemdal*lemda2)/((lemdal+mul)*(lemda2+mu2))
u=exp(-(delta*r)/dtheata)
v=exp((delta*r)/dtheata)
w=exp(R*tl)
cbar=(u*w/(deltaA2))*((h*v*(delta*r-dtheata)+((pi*delta*d)+(h*dtheata)+pic)-
(theata*c*delta)))+(theata*c*w)/delta
wl=exp(-(lemda 1 +mul )*(q0/dtheata))
w2=exp(-(lemda2+mu2)*(q0/dtheata))
w3=exp(-(lemda 1 +mu 1+Iemda2+mu2)*(q0/dtheata))
P01-p l+(p3 *wl )-(p 1 *w2)-(p3 *w3)
P02=p2-(p2*wl )+(p3 *w2)-(p3 *w3)
P03=p3-(p3*wl)-(p3*w2)+(p3*w3) 
yl=exp(-(lemdal+mul)*(ql/dtheata)) 
y2=exp(-(lemda2+mu2)* (q 1/dtheata))
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y3=exp(-(lemda 1 +mu 1 +Iemda2+mu2) * (q 1 /dtheata)) 
Pll=pl+(p3*yl)+(p0*y2)+(p2*y3)
P12=p2-(p2*yl)-(p2*y2)+(p2*y3)
P13=p3 -(p3 *y 1 )+(p2 *y2)-(p2*y3) 
z 1 =exp(-(lemda 1 +mu 1) * (q2/dtheata)) 
z2=exp(-(lemda2+mu2)*(q2/dtheata)) 
z3=exp(-(lemda 1 +mu 1 +Iemda2+mu2)*(q2/dtheata))
P21=p 1 -(p 1 *z 1 )-(p 1 *z2)+(p 1 *z3)
P22=p2+(p0*z 1 )+(p3 *z2)+(p 1 *z3)
P23=p3+(pl *zl)-(p3*z2)-(pl *z3)
A0=k+((.5*h*q0A2*w)/dtheata)+((h*r*q0*w)/dtheata)+((theata*c*q0*w)/dtheata)
Al=k+((.5*h*qlA2*w)/dtheata)+((h*r*ql*w)/dtheata)+((theata*c*ql*w)/dtheata)
A2=k+((.5*h*q2A2*w)/dtheata)+((h*r*q2*w)/dtheata)+((theata*c*q2*w)/dtheata)
Nu=((A2+P23 *cbar)*( 1 -P11 -P13 *rowl ))+((P21+P23 *row 1 )*(A 1+P13 * cbar))
Den=((l-J>22-P23*row2)*(l-Pll-P13*rowl))-((P21+P23*rowl)*(P12+P13*row2))
C20=Nu/Den
Num 1=(A 1+P13 * cbar)+((P 12+P13 *row2)*C20)
Denl=(l-Pll-P13*rowl)
C10=Numl/Denl
C30=cbar+(rowl *C 10+row2*C20)
Num2=((q2+P23*Tbar)*(l-Pll-P13*rowl))+((P21+P23*rowl)*(ql+P13*Tbar)) 
Den2=((l -P22-P23 *row2)*(l -PI 1 -P13 *rowl ))-((P21 +P23*rowl )*(P 12+P 13 *row2)) 
T20=N um2/Den2
Num3=(q 1+P13 *Tbar)+((P 12+P 13 *row2)*T20)
Den3=( 1 -P11 -P13 *row 1)
T10=Num3/Den3
T30=Tbarf (rowl *T 10+row2*T20)
T00=(q0/dtheata)+(P01*T10)+(P02*T20)+(P03*(Tbarfrowl*T10+rovv2*T20))
Iel l=(d*c*T00*w*T01 *iel)
Iel2=(d*c*T00*w*T02*ie2)
Ie21=((d*c*w*T00+Iell)*(T00-T01)*iel)
Ie22=((d*c*w*T00+Iel2)*(T00-T02)*ie2)
Icl=(alphal *d*c*w*icl *(T00-T01))
Ic2=(alpha2*d*c*w*ic2*(T00-T02))
C101=C10-(Iell+Ie21)+Icl 
C20 l=C20-(Iel2+Ie22)+Ic2 
C301=cbarf(rowl*C101+row2*C201)
B0=P01*C101
C0=P02*C201
D0=P03*C301
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A=AO/TOO 
B=BO/TOO 
C=CO/TOO 
D=DO/TOO 
return (A+B+C+D)

}
Output of R-code
nlm(AC, p=c(8,9,3,2))
Sminimum 
[1] 7.750814 
Sestimate
[1] 6.106851 33.977701 33.857779 1.026171

// Newton Rapson method for four variables (qo, qi, qz, r) in R Programming 
for chapter 6//

AC = function(x)
{
q0 = x[l] 
ql = x[2] 
q2 = x[3] 
r = x[4]
k=5; h=5; d=20; theata=4; c=l; mul=3.4; mu2=2.5; lemdal=0.58; lemda2=0.45
pic=25; pi=350; T11=0.6; T12=0.8; Iel=0.02; Ie2=0.04; lcl=0.11; Ic2=0.13;
Tl=0.9; T2—1.1; alphal=0.5; alpha2=0.6; Ul=l; U2=l; V1=0; V2=0
delta=mul+mu2
dtheata=d+theata
rowl=mul/delta
row2=mu2/delta
Tbar=l/(mul+mu2)
p0=(mul *mu2)/((lemdal+mul)*(lemda2+mu2))
p 1=(lemda2 * mu 1 )/((lemda 1 +mu 1 )* (Iemda2+mu2))
p2=(lemdal*mu2)/((lemdal+mul)*(lemda2+mu2))
p3=(lemdal * lemda2)/((lemda 1 +mu 1 )* (Iemda2+mu2))
u=exp(-(delta*r)/dtheata)
v=exp((delta*r)/dtheata)
cbar-=(u/(deltaA2))*((h*v*(delta*r-dtheata)+((pi*delta*d)+(h*dtheata)+pic)-
(theata*c*delta)))+(theata*c)/delta
wl=exp(-(lemdal+mul)*(qO/dtheata))
w2=exp(-(lemda2+mu2)*(q0/dtheata))
w3=exp(-(lemdal +mu 1 +Iemda2+mu2)*(q0/dtheata))
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P01=pl+(p3*wl)-(pl*w2)-(p3*w3)
P02=p2-(p2*wl)+(p3 * w2)-(p3 * w3)
P03=p3-(p3 *wl)-(p3 *w2)+(p3 *w3) 
y 1 =exp(-(lemdal +mul )*(q 1/dtheata)) 
y2=exp(-(lemda2+mu2)*(q 1 /dtheata)) 
y3=exp(-(lemda 1 +mu 1 +Iemda2+mu2) *(q 1/dtheata))
PI I=pl+(p3*yl)+(p0*y2)+(p2*y3)
P12=p2-(p2*yl)-(p2*y2)+(p2*y3)
P13=p3-(p3*yl)+(p2*y2)-(p2*y3) 
z 1 =exp(-(lemda 1+mu 1 )* (q2/dtheata)) 
z2=exp(-(lemda2+mu2)*(q2/dtheata)) 
z3=exp(-(lemda 1 +mu 1 +Iemda2+mu2)* (q2/dtheata))
P21 =p 1 -(p 1 * z 1 )-(p 1 *z2)+(p 1 *z3)
P22=p2+(p0*zl)+(p3*z2)+(pl *z3)
P23=p3+(pl*zl)-(p3*z2)-(pl*z3)
AO=k+((. 5 * h* qO A2)/dtheata)+((h*r * qO)/dtheata)+((theata* c * qO)/dtheata)
A l=k+((.5*h*q 1 A2)/dtheata)+((h*r*q 1 )/dtheata)+((theata*c*q l)/dtheata)
A2=k+((. 5 *h* q2 A2)/dtheata)+((h* r * q2)/dtheata)+((theata* c * q2)/dtheata) 
Nu=((A2+P23*cbar)*( 1 -P11 -P13 *rowl ))+((P21+P23 *rowl )*(A 1+P13 *cbar)) 
Den=((l -P22-P23 *row2)*( 1 -PI 1 -P13 *rowl ))-((P21 +P23*rowl )*(P 12+P13 *row2)) 
C20=Nu/Den
Numl=(Al+P13*cbar)+((P12+P13*row2)*C20)
Denl=(l-Pll-P13*rowl)
C10=Numl/Denl
C30=cbar+(row 1 *C 10+row2*C20)
Num2=((q2+P23*Tbar)*(l-Pll-P13*rowl))+((P21+P23*rowl)*(ql+P13*Tbar)) 
Den2=(( 1-P22-P23 *row2)*( 1 -P11 -P13 *rowl ))-((P21+P23 *row 1 )* (P12+P 13 *row2)) 
T20=Num2/Den2
Num3=(q 1+P13 *Tbar)+((P 12+P 13 *ro w2)*T20)
DerG^l-Pl l-P13*rowl)
T10=Num3/Den3
T30=Tbar+(rowl *T 10+row2*T20)
T00=(q0/dtheata)+(P01*T10)+(P02*T20)+(P03*(Tbar+rowl*T10+row2*T20)) 
El=(c*d*TOO*Tl l*Iel)-((l-alphal)*c*d*TOO*(Tl-Tl l)*Iel)- 
(Ul*d*c*alphal*TOO*(Tl-Tll)*Iel)+(Ul*d*c*alphal*TOO*(Tl-Tll)*Icl)- 
(c*d*T00*Tl l*Iel*(Tl-Tl l)*Iel)
E2=(-Vl*(((l-alphal)*c*d*T00*(T00-Tl)*Iel)+(c*d*T00*Tl l*Iel*(Tl- T11)
*Ie 1 *(T00-T1 )*Ie 1 )+(c*d*TOO*T 11 *Ie 1 *(T 1 -T11 )*Ie 1 *(TOO- 
Tl)*Iel)+(c*d*T00*Tl l*Iel*(TOO-Tl)*Iel)+((l-alphal)*c*d*TOO*(Tl- T11) 
*Iel*(T00-Tl)*Iel)))
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E3=(-V1 *(U 1 *(d*c*alphal *TOO*Iel *(T1-T11)*(T00- Tl)
*Ie 1)))+(V1 *(U1 *((d*c*alphal *TOO*Icl *(T00-T1))+((1- alphal) *c*d*T00*Icl * 
(TOO-T1)))))
Fl=(c*d*T00*Tl2*Ie2)-((l-alpha2)*c*d*T00*(T2-T12)*Ie2)- 
(U2*d*c*alpha2*T0Q*(T2-T 12)*Ie2)+(U2*d*c*alpha2*T00*(T2-T 12)*Ic2)- 
(c*d*T00*T12*Ie2*(T2-T12)*Ie2)
F2=(Af2*(((l-alpha2)*cM*TOO*(TOO-T2)*Ie2)+(c*d*TOO*T12*Ie2*(T2- T12) 
*Ie2*(T00-T2)*Ie2)+(c*d*T00*T12*Ie2*(T2-T12)*Ie2*(T00- 
T2)*Ie2)+(c*d*T00*Tl 2*Ie2*(T00-T2)*Ie2)+(( l-alpha2)*c*d*TQ0*(T2- T12) 
*Ie2*(T00-T2)*Ie2)))
F3=(-V2*(U2*(d*c*alpha2*T00*Ie2*(T2-T12)*(T00- T2) 
*Ie2)))+(V2*(U2*((d*c*aIpha2*T00*Ic2*(T00-T2»+((l- a3pha2)*c*d*T00*Ic2* 
(T00-T2)))))
Cl 01=C 10-(El+E2+E3)
C201 =C20-(F 1+F2+F3)
C3 01 =cbari-(rowl * C101 +row2 *C201)
B0=P01*C101
C0=P02*C201
D0=P03*C301
A=AO/TOO
B-BO/TOO
C=CO/TOO
D=DO/TOO
return (A+B+C+D)
}
Output of R-code
nlm(AC, p=c(8,9,4,3))
Sminimum 
[1] 6.37324 
Sestimate
[1] 3.3466827 30.1547987 29.5618813 0.7667965
// Newton Rapson method for four variables (qo, qi, q2, r) in R Programming 

for chapter 7 //
AC = function(x)
{
q0 = x[l] 
ql =x[2] 
q2 = x[3] 
r = x[4]
k—5; h=5; d=20; theata=4; c—1; mu 1=3.4; mu2=2.5; lemda 1=0.58; lemda2=0.45 
pic=25; pi-350; Tl 1=0.6; T12=0.8; Iel=0.02; Ie2=0.04; Icl=0.11; Ie2=0.13 
Tl=0.9;T2=l.l;alphal=0.5; alpha2=0.6;R=0.05;tl=6;Ul=l; U2=1;V1=0; V2=0 
delta=mul+mu2
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dtheata=d+theata 
rowl=mul/delta 
row2=mu2/delta 
Tbar= 1 /(mu 1 +mu2)
pO=(mu 1 *mu2)/((lemdal +mul )*(lemda2+mu2))
p 1 =(lemda2*mu 1 )/((lemda 1 +mu 1 )* (Iemda2+mu2))
p2=(lemdal *mu2)/((lemdal+mul )*(lemda2+mu2))
p3=(lemdal *lemda2)/((lemdal+mul )*(lemda2+mu2))
u=exp(-(delta*r)/dtheata)
v=exp((delta*r)/dtheata)
w=exp(R*tl)
cbar=(u*w/(deltaA2))*((h*v*(delta*r-dtheata)+((pi*delta*d)+(h*dtheata)+pic)- 

(theata*c*delta)))+(theata*c*w)/delta 
w 1=exp(-(lemda 1 +mu 1) * (qO/dtheata)) 
w2=exp(-(lemda2+mu2)*(q0/dtheata)) 
w3=exp(-(lemda 1 +mu 1 +1 emda2+mu2) * (qO/dtheata))
PO1 =p 1+(p3 * wl )-(p 1 * w2)-(p3 * w3)
P02=p2-(p2 * w 1 )+(p3 * w2)-(p3 * w3)
P03=p3-(p3*wl)-(p3*w2)+(p3*w3) 
y 1 =exp(-(lemda 1 +mul )*(q 1/dtheata)) 
y2=exp(-(lemda2+mu2)*(ql/dtheata)) 
y3=exp(-(lemdal +mu 1+Iemda2+mu2)* (q 1 /dtheata)) 
Pll=pl+(p3*yl)+(p0*y2)+(p2*y3)
P12=p2-(p2 * y 1 )-(p2 * y 2)+(p2 * y3)
P13=p3-(p3*yl)+(p2*y2)-(p2*y3) 
z 1 =exp(-(lemdal +mu 1 )*(q2/dtheata)) 
z2=exp(-(lemda2+mu2)*(q2/dtheata)) 
z3=exp(-(lemdal +mu 1 +Iemda2+mu2)* (q2/dtheata))
P2 l=pl -(p 1 *z 1 )-(p 1 *z2)+(p 1 *z3)
P22=p2+(p0*zl)+(p3*z2)+(p]*z3)
P23=p3+(p 1 *zl)-(p3 *z2)-(p 1 *z3)
AO=k+((.5*h*qOA2*w)/dtheata)+((h*r*qO*w)/dtheata)+((theata*c*qO*w)/dtheata) 
Al=k+((.5*h*q 1 A2*w)/dtheata)+((h*r*q 1 *w)/dtheata)+((theata*c*q 1 *w)/dtheata) 
A2=k+((.5*h*q2A2*w)/dtheata)+((h:f:r*q2*w)/dtheata)+((theata*c*q2*w)/dtheata) 
Nu=((A2+P23 *cbar)*( 1 -P11 -P13*rowl ))+((P21+P23 *rowl )*(A 1+P13 *cbar)) 
Den=((l-P22-P23*row2)*(l-Pll-P13*rowl))-((P21+P23*rowl)*(P12+P13*row2)) 
€20=Nu/Den
Num 1 =(A 1+P13 *cbar)+((P 12+P13 *row2)*C20)
Denl=(l-Pl l-P13*rowl)
C10=Numl/Denl
C30=cbar+(rowl *C 10+row2*C20)
Num2=((q2+P23 *Tbar)*( 1 -P11 -P13 *ro w 1 ))+((P21+P23 *rowl )*(q 1+P13 *Tbar» 
Den2=((l -P22-P23 *row2)* (1 -P11 -P13 *rowl ))-((P21+P23 *rowl )*(P 12+P 13 *row2))
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T20=Num2/Den2
Num3=(q 1+P13 *Tbar)+((P 12+P13 *row2)*T20)
Den3=(l-Pl l-P13*rowl)
T10=Num3/Den3
T30=Tbar+(rowl *T10+row2*T20)
TOO=(qO/dtheata)+(PO 1* T10)+(P02 * T20)+(P03 * (Tbar+ro w 1 *T 10+row2 *T20))
E1 =(c*d* w*T00*T 11 *Ie 1)-((1 -alphal )*c*d* w*T00*(T 1 -T1 l)*Iel)
- (Ul*d*e*w*alphal*TOO*(Tl-Tl l)*Iel)4<Ul*d*c*w*alphal*T00*(Tl-Tl l)*Icl) 
-(c*d*w*T00*Tl l*Iel*(Tl-Tl l)*Iel)
E2=(An*(((l-alphal)*c*d*w*T00*(T00-Tl)*Iel)+(c*d*w*T00*Tl l*Iel*(Tl- T11) 

*Iel *(T00-Tl)*Iel)+(c*d*w*T00*Tl 1 *Iel *(T00-Tl)*Iel)+((l- alphal)
*c*d* w*T00*(T 1 -T1 l)*Ie 1 *(T00-T 1 )*Ie 1))) 
E3=(-Vl*(Ul*(d*c*w*alphal*T00*Iel*(Tl-Tl 1)*(T00- Tl) 

*Iel)))+(Vl*(TJl*((d*e*w*alphal*TOO*Icl*(TOO-Tl))+((l- alphal)
*c* d*w*T00*Ic 1 * (TOO-T1)))))
Fl=(c*d*w*T00*T12*Ie2)-((l-alpha2)*c*d*w*T00*(T2-T12)*Ie2)
- (U2*d*c* w*alpha2*T00*(T2-T 12)*Ie2)+(U2*d*c*w*alpha2*T00*(T2-Tl 2)*Ic2) 
-(c*d*w*T00*T12*Ie2*(T2-T12)*Ie2)
F2=(-V2*(((l-alpha2)*c*d*w*T00*(T00-T2)*Ie2)+(c*d*w*T00*T12*Ie2*(T2- T12) 

*Ie2*(T00-T2)*Ie2)+(c*d*w*T00*T12*Ie2*(T00-T2)*Ie2)+((l- alpha2) 
*c*d*w*T00*(T2-T12)*Ie2*(T00-T2)*Ie2))) 
F3=(-V2*(U2*(d*c*w*alpha2*T00!l'Ie2*(T2-T12)*(T00- T2) 
*Ie2)))+(V2*(U2*((d*c*w*alpha2*T00*Ic2*(T00-T2))+((l- alpha2) 
*c*d*w*T00*Ic2*(T00-T2)))))
C 101=010-(El+E2+E3)
C201=C20-(F 1+F2+F3)
C3 01=cbar+(row 1 * C101 +row2*0201)
BO=P01*C101
C0=P02*C201
D0=P03*C301
A=AO/TOO
B=BO/TOO
C=CO/TOO
D=DO/TOO
return (A+B+C+D)

}
Output of R-eode
nlm (AC, p=c(4,7,8,2))
$minimum 
[1] 8.144696 
$estimate
[1] 2.8538783 28.7990363 28.0153335 0.7395786

171


