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restart;
a:= 1;
b:=2;
alpha:= sin(1);
beta:= sin(2);
p := x-> x^2;
q:= x-> (x-1)^2;
g:= x->-2*x*cos(x)+x^2*sin(x)+(x-1)^2*sin(x);
L:= u->-diff((p(x)*diff(u(x),x)),x)+q(x)*u(x);
U:= sin;#solution
simplify(L(U)-g(x));

0
l:= x-> alpha+(x-a)/(b-a)*(beta-alpha);

L(U-l);
U(1)-l(1);
U(2)-l(2);

0
0

lprint(L(U-l));
-2*x*(cos(x)-sin(2)+sin(1))+x^2*sin(x)+(x-1)^2*(sin(x)-sin(1)-
(x-1)*(sin(2)-sin(1)))
New RHS of diff eq with 0 boundary values.
G:= x-> -2*x*(cos(x)-sin(2)+sin(1))+x^2*sin(x)+(x-1)^2*(sin(x)-
sin(1)-(x-1)*(sin(2)-sin(1)));#new RHS of diff eq

simplify(L(U-l)-G(x));
0

with(CurveFitting);

N:= 5;
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h:=1.0/(N+1);
j:='j';
for j from 1 to N do
kn||j := [1+(j-1)*h,1+j*h,1+(j+1)*h];
od;

for j from 1 to N do
phi||j:= unapply(BSpline(2,x,knots=kn||j),x):
od:

plot(phi3(x),x=1..2);
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with(LinearAlgebra):
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> > M:= Matrix(N);

for j from 1 to N do for i from 1 to N do
M(i,j):= int(p(x)*diff(phi||j(x),x)*diff(phi||i(x),x),x=a..b)-int
(q(x)*phi||j(x)*phi||i(x),x=a..b):
od:
od:

M;

N:= 20;
h:=1.0/(N+1);
for j from 1 to N do
kn||j:= [1+(j-1)*h,1+j*h,1+(j+1)*h];
od;
for j from 1 to N do
phi||j:= unapply(BSpline(2,x,knots=kn||j),x):
od:
M:= Matrix(N);
for j from 1 to N do for i from 1 to N do
if (abs(j-i)<=1.1) then M(i,j):= int(p(x)*diff(phi||j(x),x)*diff
(phi||i(x),x),x=1+min(i-1,j-1)*h..1+max(i+1,j+1)*h)
+int(q(x)*phi||j(x)*phi||i(x),x=1+min(i-1,j-1)*h..1+max(i+1,j+1)*
h): fi:
od:
od:
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v:=Vector(N):
for i from 1 to N do 
v(i):= int(G(x)*phi||i(x),x=1+(i-1)*h..1+(i+1)*h): 
od:
v;

trueSol:=Vector(N):
for j from 1 to N do 
trueSol(j):= evalf(U(1+j*h)-l(1+j*h)):
od:
#for j from 1 to N do trueSol(j); od;
plot(G(x),x=1..2);
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solution:= LinearSolve(M,v);

Norm(solution-trueSol)/Norm(trueSol);
Norm(solution-trueSol,1)/Norm(trueSol,1);

0.0002263772895
0.0002182122468

N:= 40;
h:=1.0/(N+1);
for j from 1 to N do
kn||j:= [1+(j-1)*h,1+j*h,1+(j+1)*h];
od:
for j from 1 to N do
phi||j:= unapply(BSpline(2,x,knots=kn||j),x):
od:
M:= Matrix(N):
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for j from 1 to N do for i from 1 to N do
if (abs(j-i)<=1.1) then M(i,j):= int(p(x)*diff(phi||j(x),x)*diff
(phi||i(x),x),x=1+min(i-1,j-1)*h..1+max(i+1,j+1)*h)
+int(q(x)*phi||j(x)*phi||i(x),x=1+min(i-1,j-1)*h..1+max(i+1,j+1)*
h): fi:
od:
od:
v:=Vector(N):
for i from 1 to N do 
v(i):= int(G(x)*phi||i(x),x=1+(i-1)*h..1+(i+1)*h): 
od:
trueSol:=Vector(N):
for j from 1 to N do 
trueSol(j):= evalf(U(1+j*h)-l(1+j*h)):
od:
#for j from 1 to N do trueSol(j); od;
#plot(G(x),x=1..2);
solution:= LinearSolve(M,v);
Norm(solution-trueSol)/Norm(trueSol);
Norm(solution-trueSol,1)/Norm(trueSol,1);

0.00005980785087
0.00005764963625


