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restart:
Digits:=15;

Euler := proc( f,a,b,alpha, N ) 
local h:
local xx:
local j:
h:=evalf((b-a)/N):
xx:=alpha:
for j from 0 to N-1 do
xx:= xx+f(a+j*h,xx)*h:
od:
xx;
end;

ModEuler:=  proc( f,a,b,alpha, N ) 
local h:
local xx:
local j:
h:=evalf((b-a)/N):
xx:=alpha:
for j from 0 to N-1 do
xx:= xx+(f(a+j*h,xx)+f(a+(j+1)*h,xx+f(a+j*h,xx)*h))*h/2:
od:
xx;
end;

RungeKutta:=  proc( f,a,b,alpha, N ) 
local h:
local xx:
local j:
local k1,k2,k3,k4:
h:=evalf((b-a)/N):
xx:=alpha:
for j from 0 to N-1 do
k1:= f(a+j*h,xx)*h:
k2:= f(a+(j+1/2)*h,xx+k1/2)*h:
k3:= f(a+(j+1/2)*h,xx+k2/2)*h:
k4:= f(a+(j+1)*h,xx+k3)*h:
xx:= xx+(k1+2*k2+2*k3+k4)/6:
od:
xx;
end;
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p:= x-> x^3-x+7;

d:=degree(p(x));

N:=10;

print("Euler Method");
for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
print(Euler(f,1.0,0.0,alpha,N)):
od:

print("Modified Euler Method");
for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
print(ModEuler(f,1.0,0.0,alpha,N)):
od:

print("Runge-Kutta Method");
for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
print(RungeKutta(f,1.0,0.0,alpha,N)):
od:

"Euler Method"

"Modified Euler Method"

"Runge-Kutta Method"
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fsolve(p(x),x,complex);

Problem 6.1
#restart;
p := x -> x^3 -7*x^2 +3;
d:=degree(p(x));

N:=10;
for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
print("Euler",Euler(f,1.0,0.0,alpha,N)):
print("ModEuler",ModEuler(f,1.0,0.0,alpha,N)):
print("RungeKutta",RungeKutta(f,1.0,0.0,alpha,N)):
od:
fsolve(p(x),x,complex);

Problem 6.2
restart:
Digits:=20;

p := x -> x^3 -7*x^2 +3;

Euler as predictor + Newton as corrector
Runge-Kutta as predictor and Newton as corrector
N:=10;
a:=1.0:
b:=0.0:
N:=10;
d:=degree(p(x));

for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
dHx:= unapply(diff(H(t,x),x),t,x):
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h:=evalf((b-a)/N):
xx:=alpha:
for k from 0 to N-1 do
xx:= xx+f(a+k*h,xx)*h:
xx:= xx- H(a+(k+1)*h,xx)/dHx(a+(k+1)*h,xx):
od:
print("Euler",xx);
xx:=alpha:
for k from 0 to N-1 do
k1:= f(a+k*h,xx)*h:
k2:= f(a+(k+1/2)*h,xx+k1/2)*h:
k3:= f(a+(k+1/2)*h,xx+k2/2)*h:
k4:= f(a+(k+1)*h,xx+k3)*h:
xx:= xx+(k1+2*k2+2*k3+k4)/6:
xx:= xx- H(a+(k+1)*h,xx)/dHx(a+(k+1)*h,xx):
od:
print("Runge-Kutta",xx);
od:

fsolve(p(x),x,complex);

Problem 6.3
Digits:=20;

p := x -> x^3 -6*x^2 +12*x-8;

d:=degree(p(x));

Euler without Newton
N:=10;
a:=1.0:
b:=0.0:
N:=10;
d:=degree(p(x));

for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
dHx:= unapply(diff(H(t,x),x),t,x):
h:=evalf((b-a)/N):
xx:=alpha:
for k from 0 to N-1 do
xx:= xx+f(a+k*h,xx)*h:
od:
print("Euler",xx);
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print("error", abs(xx-2));
od:

fsolve(p(x),x,complex);

Runge-Kutta and Newton
N:=10;
a:=1.0:
b:=0.0:
N:=10;
d:=degree(p(x));

for j from 0 to d-1 do
alpha:= evalf(exp(2*j*Pi*I/d)):
RandGamma:= 0.196743+0.7981302*I:#very provisional random gamma 
H:= unapply((1-t)*p(x)+t*RandGamma*(x^d-1),t,x):
f:= unapply(-diff(H(t,x),t)/diff(H(t,x),x),t,x):
dHx:= unapply(diff(H(t,x),x),t,x):
h:=evalf((b-a)/N):
xx:=alpha:
for k from 0 to N-1 do
k1:= f(a+k*h,xx)*h:
k2:= f(a+(k+1/2)*h,xx+k1/2)*h:
k3:= f(a+(k+1/2)*h,xx+k2/2)*h:
k4:= f(a+(k+1)*h,xx+k3)*h:
xx:= xx+(k1+2*k2+2*k3+k4)/6:
xx:= xx- H(a+(k+1)*h,xx)/dHx(a+(k+1)*h,xx):
od:
print("Runge-Kutta",xx);
print("error", abs(xx-2));
od:

Better than Euler, but still pretty bad.  The problem is the root is a multiple root.  Techinques
to deal with singular endpoints are called endgames: we will talk about these later in the 
semester.


