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APPENDIX A

The computer program is implemented using MATLAB for numerical experiment in

Chapter 4.

Clear All Previous Temporary Variables

%

.
r

clear

o\e

Parameters Declaration

)
o

.
’

=1

theta

r

delta = 1

.
14

gamma = 0.001

.
14

=1

beta

N = 2000

.
’

alpha =1

r

.
’

10

LEFT_BOUNDARY

=1;
= 20;

RIGHT_BOUNDARY
END_TIME

’

=0

START TIME = 0

4

Initialize Grid Values

%

’

zeros (M+1,N+1)
T = zeros (M+l,N+l);

X =

.
r

= LEFT_BOUNDARY
RIGHT_BOUNDARY

X(1,1)

X(M+1,1) =
delx

/L

.
4

START_TIME
END_TIME

T(1,1)

.
— 4

( T(1,N+1) - T(L,1) )/N

T(1,N+1) =

delt

r

j=1:N+1
for i

for

M+l

1
X(i,3)

’

-1) *delx

T(i,3) = T(1,1) + (3-1)*delt;

end

i

X(1,1) + (



end

o\°

[
°

.
r

.
’

( (alpha-pl)*gamma + (alphatpl)*(deltatl) )/(2*p2)
al = gamma/2;

Initialize Variables a0, al, mu and c
delta*gamma* (pl-alpha) / (4*p2)

pl = sqrt( (alpha“2) + (4*beta*(deltatl)) ); p2 = deltatl;

a0 = gamma/2;

m

]

o\

[
°

.
14

" (1/delta)

’

) = (a0 + al*tanh(mu*( X(i,3) - c*T(,3) ) ) ) ...

M+1
'3

(

i

zeros (M+1,N+1)
:N+1
=1
U_EXC

=1
i

j

for
End Computation of Exact Solution

Begin Computation of Exact Solution

end

U_EXC
for
end-

o\

Begin Computation of Method M1

%

.
’

.
r

(alpha*delt) / (2*delx)

.
’

.
’
r

.
’

zeros (M+1,N+1)

(M+1)
(1,1) = ( a0 + al*tanh(mu*X(i,1)) )" (1/delta)

N

.
.

1
1

U_NUM1

zeros (M-1,M-1)
zeros (M-1,M-1)
zeros (M-1,1)

]:

pie

Al

€.
U_NUM1L
for
end
for

Bl



lbound = ( a0 + al*tanh (mu* (LEFT_BOUNDARY-c*T (1, j+1))) )
" (1/delta);

rbound = ( a0 + al*tanh(mu* (RIGHT_BOUNDARY-c*T (Mt1, j+1))) )
“(1/delta);

U_NUML (1,3+1) = lbound;

U_NUML (M+1, §+1) = rbound;

for i=1:M-1
Al(i,i) = 1 + (2*p*theta);
Bl(i,i) = 1 - (2*p*(l-theta)) + delt*beta* ...
(1 - (UNUMIL(it+l,j)" delta) )* ...
( (U_NUML (i+1, j) "delta) - gamma);
end
for i=1:M-2
Al(i,i+l) = —(p*theta);
Al (i+l,i) = -(p*theta);
Bl(i,i+l) = —(g*((U_NUML(i+1,3j)"delta))) + p*(l-theta);
Bl(i+l,1i) = g*((U_NUML(i+2,j)"delta)) + p*(l-theta);
end
Cl(1) = p*theta*U NUMIL(1,j+l) + ...

( (g*(U_NUML(2,]) "delta)) + ...
p* (1-theta) )*U NUML(1,3);
Cl(M-1) = p*theta*U NUMIL (M+1,j+1) + ...
( —(g* (U_NUML (M, j) "delta)) + ...
p* (1-theta) )*U_NUML (M+1, j);

RESULT = inv(Al)* (BL*U_NUML (2:M, j)+C1);

U_NUMI (:, j+1) = [lbound; RESULT; rbound] ;

end

o ) 00000000000000000000 0000000 0000000000000
999000000000000000900900000000000%%%3%3355555E5TFTTIRTHHITTLGSS
& .
% End Computation of Method M1
000 000 0000 00 000000 00000000 0.0000000000000000000000
99.900.00000000000000000 0335535555555 %75556066608006660606666066600
0000 [} o 000 {*) 00000000 00000000000 0000 0000000000 00
9999909090009000009000090990900900008009%%%3T535T5TIBITITILILTNSS

% Begin Computation of Method M2

-

o\

o\

45



A2 = zeros (M-1,M-1);
B2 = zeros (M-1,M-1);
C2 = zeros(M-1,1);

U_NUM2 = zeros (Mtl,N+1);
for i=1:(Mt+l)

UNUM2(i,1) = ( a0 + al*tanh(mu*X(i,1)) )~ (1l/delta);
end

p = delt/(delx"2); q = (alpha*delt)/(2*delx);

for j=1:N
lbound = ( a0 + al*tanh (mu* (LEFT_BOUNDARY-c*T(1,3+1))) )
" (1/delta);
rbound = ( a0 + al*tanh (mu* (RIGHT BOUNDARY-c*T (M+1,j+1))) )
" (1/delta);
U_NUM2 (1, j+1) = lbound;

U_NUM2 (M+1, §+1) = rbound;

for i=1:M-1
A2(i,i) = 1 + (2*p*theta) + .
delt*beta* ( gamma + (U_NUM2(itl,3]))" (2*delta) Vi

B2(i,i) = 1 - (2*p*(l-theta)) + ...
delt*beta* ( (U_NUM2(it+l,j) delta) + .
gamma* (U_NUM2 (i+1, j) “delta) );
end
for i=1:M-2
A2 (i,i+l) = —(p*theta);

A2(i+l,i) = -(p*theta);

B2(i,i+1) = -(q*(U_NUM2(i+1,j) “delta)) + p*(l-theta);
B2(i+l,i) = g* (U_NUM2(i+2,]J) "delta) + p*(1-theta);
end
C2(1) = p*theta*U NUM2 (1, j+1) + .

( (g*(UNUM2(2,]J) "delta)) + ...
p* (1-theta) )*UNUM2(1,3);

C2(M-1) = p*theta*U_NUM2 (Mt1,j+1) +

46
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( —(g* (UNUM2 (M, j) "delta)) + ...
p* (1-theta) )*U_NUM2 (M+1, J);

M, )+C2);

(2

(A2) * (B2*U_NUM2

inv

RESULT =

; RESULT; rbound];

(:,3+1) = [lbound

U_NUM2

End Computation of Method M2

SE55%5333%%%

%

Absolute Error Computation

%

’
(4

U_EXC - U_NUM2)

U_EXC - U_NUML)

5552 ITTINESY

%

ERROR1 = abs(
ERROR2 = abs (

Relative Error Computation

$%%%335533LSTLITBLITEINY

FERROR REL1

.
r

zeros (M+1,N+1)

M+l
=1
ERROR REL1

for i=1

N+1

j=1:

for

i,3);

(

U_EXC

) * 100) /

+3) = (ERRORL(,]

i

(

end

.
r

zeros (M+1,N+1)

‘Ml
=1

1

end
ERROR REL2 =
for i

N+1

j

ERROR REL2

for

.
4

,3) * 100) / U_EXC(i,3J)

= (ERRORZ (1

+J)

A

(

end

end

12 Norm Computation

%

= zeros(1,N+1);

L2_NORM1

N+1

1

NORM1 = 0;

J

for



for i=1:M+l
NORM1 = NORM1 + (ERRCRI(i,J)"2);
end
L2_NORMI (1,3j) = sqrt(delx * NORMI);
end

12_NORM2 = zeros(1l,N+l1);
for j=1:N+1

NORM2 = 0;
for i=1:M+l
NORM2 = NORM2 + (ERROR2(i,]j)"2);
end
L2_NORM2 (1, 3) = sqrt (delx * NORM2);
end
3%%5%%5%%335335%5 5555555353 35355355 3553553555550 ABHIBIILLINLY

% L Infinity Norm Computation
2%%%5%5%55%5555%5%55%55353355355%53 5555555554 RIIBIRELLARRS
L_INF _NORMl = zeros(l,N+l1);
for j=1:Nt1

L_INF_NORML (1, j) = max (ERROR1(:,3));
end

I_INF_NORM2 = zeros(l,N+l);
for j=1:Ntl

L_INF_NORM2 (1, 3) = max(ERROR2(:,3));
end
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