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function [xp,Xo,R]=SVDSol(AO,b0)
[row,col]l=size(AOD); Condition=cond(AQ);
A=A0. '*AQ; b=A0. '*b0;
[u,w,v]=svd(A);

d=diag(w) ; p=find(abs(d)>1e-10);
c=1./d(p); d(p)=c;

s=diag(d);

Inv A=v*s*u';

xp=Inv Axb;

m=find(abs(d)<=1e-10);

Xo=v(:,m);

R=norm (AO*xp-b0) ;

end

AATIS

n=input ('Enter the number nodal points:')

A=[36%3+12%4/n"2,-36%x3+6%4/n"2,zeros(1,n-1)];

b(1,1)=3*2/n"2;

for i=1:n-1
A(i+1,:)=[zeros(1,i-1),6-6/i-4/n"2,-12-16/n"2,6+6/1i-4/n"2,zeros(1,n-1-1)1;

b(i+1,1)=-2/n"2;

end

A(n+1,:)=[zeros(1,n-1),12/n,36+12*2/n] ;

b(n+1,1)=5.5%(6+6/n-4/n"2)+2/n"2;

[c,x0,r0]=SVDSol(A,b);

£0



for i=1:n+1
r(i+1)=c(i);
end
r(1)=r(3);
r(n+3)=5.5-r(n+1)-4*r (n+2);
for i=1:n+1
y(1,1)=r(1)+r(i+1)*4+r(i+2);
end
y

stp=1/n;
X=[0:stp:1];
plot(X,y, 'g*',X,1/2+(5.*%sinh(2.%X) ./(X.*sinh(2)))

n=input ('Enter the number nodal points:')
A=[36%3+12/n"2,-36%3+6/n"2,zeros(1,n-1)1;
b(1,1)=3/n"2;
for i=1:n-1
r=1-(i/n)"2;
s=(i/n) 4-2%(i/n) "2+7;
A(i+1,:)=[zeros(1,i-1),6-6/i-r/n"2,-12-4*xr/n"2,6+6/i-r/n"2,zeros(1,n-1-1i)]1;
b(i+1,1)=-s/n"2;
end
A(n+1,:)=[zeros(1,n-1),12/n,36+12*x2/n] ;
b(n+1,1)=(1-2+7)/n"2;
[c,x0,r0]=SVDSol(A,b);
for i=1:n+1
r(i+1)=c(i);
end
r(1)=r(3);
r(n+3)=-r(n+1)-4*r(n+2);
for i=1:n+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);
end
y
stp=1/n;
X=[0:stp:1];
plot(X,y,'gx',X,1-X.72)
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n=input ('Enter the number nodal points:')

A=[36%2,-36*2,zeros(1,n-1)];

b(1,1)=-3/n"2;

for i=1:n-1
s=-(8/(8-(i/n)"2))"2;
A(i+1,:)=[zeros(1,i-1),6-3/1i,-12,6+3/i,zeros(1,n-1-1)];
b(i+1,1)=-s/n"2;

end

A(n+1,:)=[zeros(1,n-1),6/n,36+12/n];

b(n+1,1)=-(8/7)"2/n"2;

[c,x0,r0]=SVDSol(A,b);

for i=1:n+1
r(i+1)=c(i);

end

r(1)=r(3);

r(n+3)=-r(n+1)-4*xr(n+2);

for i=1:n+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);

end

y

stp=1/n;

X=[0:stp:1];

plot (X,y, 'g*',X,2xlog(7./(8-X.72)))

n=input ('Enter the number nodal points:')
y=zeros(1,n+1);
v=zeros(1l,n+1);
for n=1:20
p=5*y (1) “4xv(1);
q=-y (1) ~5+y (1) *p;
A(1,:)=[36%3-12%p/n"2,-36%3-6*p/n"2,zeros(1,n-1)1;
d(1,1)=-3%q/n"2;
for i=1:n-1
p=b*(y(i+1)~4)*v(i+1);
q=-y(i+1) “5+y (i+1)*p;
A(i+1,:)=[zeros(1,i-1),6-6/i+p/n"2,-12+4*p/n~2,6+6/i+p/n"2,zeros(1l,n-1-i)];
d(i+1,1)=q/n"2;



end
A(n+1,:)=[zeros(1,n-1),6%2/n,36+12*2/n] ;
p=5*xy(n+1) ~4xv(n+l);
q=-y (n+1) ~5+y(n+1)*p;
d(n+1,1)=(3/4)"(1/2)*(6+3%2/n+p/n~2)-q/n"~2;
[c,x0,r0]=SVDSol(A,d);

for i=1:n+1
r(i+1)=c(i);

end

r(1)=r(3);

r(n+3)=(3/4)"(1/2)-r (n+1) -4*r(n+2) ;

for i=1:n+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);
v(1,1)=—(3*n) *r (i) +(3*n) *xr(i+2);

end

end

y

stp=1/n;

X=[0:stp:1];

plot(X,y,'gx',X,1./(1+X.72./3).7(1/2))

n=input ('Enter the number nodal points:')
y=zeros(1,n+1);
v=zeros(1l,n+1);
for n=1:15
p=v(1)*exp(y(1));
q=—exp(y(1))+y (1) *p;
A(1,:)=[36%2-12%p/n"2,-36%2-6*p/n"2,zeros(1,n-1)1;
d(1,1)=-3%q/n"2;
for i=1:n-1
p=v(i+1)*exp(y(i+1));
q=-exp(y (i+1))+y (i+1)*p;
A(i+1,:)=[zeros(1,i-1),6-3/i+p/n"2,-12+4*p/n~2,6+3/i+p/n"2,zeros(1,n-1-i)];
d(i+1,1)=q/n"2;
end
A(n+1,:)=[zeros(1,n-1),6/n,36+12/n];
p=v(n+1)*exp(y(n+1));
g=-exp(y (n+1))+y (n+1)*p;



d(n+1,1)=-q9/n"2;
[c,x0,r0]=SVDSol(A,d);

for i=1:n+1
r(i+1)=c(i);

end

r(1)=r(3);

r(n+3)=-r(n+1)-4*r (n+2);

for i=1:n+1
y(1,1)=r(1)+r(i+1)*4+r(i+2);
v(1,1)=—(3*n) *r (i) +(3*n) *xr(i+2);

end

end

y

stp=1/n;

X=[0:stp:1];

plot(X,y, 'gx',X,2xlog((4-2%x(2)"(1/2)) ./((3-2%(2)~(1/2))*X"2+1)))

p(1,:)=[1,4,1,zeros(1,20)];
q(1,:)=zeros(1,23);
r(1,:)=zeros(1,23);
s(1,:)=[1,4,1,zeros(1,20)];
b(1,:)=0
b(23,:)=
b(24,:
b(46,:)=0;
for i=1:21
p(i+1,:)=[zeros(1,i-1),6%400+(i-1)/20,-12x400+4*(i-1)/20,
6%400+(i-1)/20,zeros(1,21-1)];
q(i+1,:)=[zeros(1,i-1),(i-1)/20,4%(i-1)/20, (i-1)/20,zeros(1,21-1)];
r(i+1,:)=[zeros(1,i-1),2*%(i-1)/20,4*2x(i-1)/20,2*(i-1)/20,zeros(1,21-i)];
s(i+1,:)=[zeros(1,i-1),6%400+2%(i-1)/20,-12*400+4*2x(i-1) /20,
6*%400+2%(i-1)/20,zeros(1,21-1)];
b(i+1,:)=2;
b(24+i,:)=-2;

)=0;
)=0;

I

end
p(23,:)=[zeros(1,20),1,4,1];
q(23, :)=zeros(1,23);
r(23,:)=zeros(1,23);
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(23, :)=[zeros(1,20),1,4,1];

A=[p q;r s];

[c,x0,r0]=SVDSol(A,b);

for i=1:21
u(l,i)=c(i)+4*xc(i+1)+c(i+2);
v(1,i)=c(i+23)+4*c(i+24)+c(i+25);

end

stp=1/20;

X=[0:stp:1];

plot(X,X.”2-X,X,u, 'gx")

plot(X,X-X."2,X,v, 'g*')

n=input ('Enter the number nodal points:')
A(1,:)=[4-36*n"2+4,2+36*n"2+2,zeros(1,n)];
d(1,1)=6;
for i=1:n
g=6+12%(i/n)+(i/n)~2+(i/n)"3;
A(i+1,:)=[zeros(1,i-1),6-6/i+1/n"2,-12+4/n"2,6+6/i+1/n"2,zeros(1,n-1)];
d(i+1,1)=g/n"2;
end
[c,x0,r0]=SVDSol(A,d);
for i=1:n+2
r(i+1)=c(i);
end
r(1)=r(3);
for i=1:n+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);
end

y

stp=1/n;
X=[0:stp:1];
plot(X,X. 2+X.73,X,y, 'gx')

N=input ('Enter the number nodal points:')
y=zeros(1,N+1);
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v=zeros(1,N+1);
for n=1:10
p=v(1)*exp(y(1));
q=—exp(y (1)) +y(1)*p;
A(1,:)=[4-36%N"2+4xp,2+36%xN"2+2*p,zeros(1,N)];
d(1,1)=q;
for i=1:N
p=v(i+1)*exp(y(i+1));
q=-exp(y (i+1))+y (i+1)*p;
A(i+1,:)=[zeros(1,i-1),6-6/i+p/N"2,-12+4*p/N~2,6+6/i+p/N~2,zeros(1,N-i)];
d(i+1,1)=q/N"2;
end
[c,x0,r0]=SVDSol(A,d);
for i=1:N+2
r(i+1)=c(i);
end
r(1)=c(3);
for i=1:N+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);
v(1,1)=(-3*%N) *r (i) +(3*N) *r(i+2);
end
end
w(1)=0;
for i=1:N
w(i+1)=-(1/6)*(i/N)~2+(1/120)*(i/N)~4-(1/1890)*(i/N)"6;
end
e=w-y;
stp=1/N;
X=[0:stp:1];
plot(X,-(1/6)*X"2+(1/120)*X~4-(1/1890)*X"6,X,y, 'gx")
plot(X,e)

N=input ('Enter the number nodal points:')
y=zeros(1,N+1);
v=zeros(1,N+1);
for n=1:5
p=—exp(-y (1)) *v(1);
g=—exp (-y (1)) +y (1) *p;
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A(1,:)=[4-36%N"2+4xp,2+36%xN"2+2*p,zeros(1,N)];
d(1,1)=q;
for i=1:N
p=-exp (-y (i+1))*v(i+1);
g=—exp(-y(i+1))+y(i+1) *p;
A(i+1,:)=[zeros(1,i-1),6-6/i+p/N"2,-12+4*p/N~2,6+6/i+p/N"2,zeros(1,N-i)];
d(i+1,1)=q/N"2;
end
[c,x0,r0]=SVDSol(A,d);
for i=1:N+2
r(i+1)=c(i);
end
r(1)=r(3);
for i=1:N+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);
v(1,1)=-3%N*r (i)+3*N*r(i+2);
end
end
w(1)=0;
for i=1:N
w(i+1)=-(1/6)*(i/N)~2-(1/120)*(i/N)~4-(1/1890)*(i/N)"6;
end
e=y-w;
stp=1/N;
X=[0:stp:1];
plot(X,e)

N=input ('Enter the number nodal points:')
y=zeros(1,N+1);
v=zeros(1,N+1);
for n=1:10
p=8xexp (y (1)) *xv(1)+v(1)*xexp(y(1)/2)*2;
q=-4x* (2*exp(y (1)) +exp(y(1)/2))+y (1) *p;
A(1,:)=[4-36%N"2+4xp,2+36%xN"2+2*p,zeros(1,N)];
d(1,1)=q;
for i=1:N
p=8%exp (y(i+1))*v(i+1)+v(i+1)*exp(y(i+1)/2)*2;
q=—4* (2xexp (y (i+1))+exp(y(i+1)/2))+y (i+1)*p;
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A(i+1,:)=[zeros(1,i-1),6-6/i+p/N"2,-12+4*p/N"2,6+6/i+p/N"2,zeros(1,N-i)];
d(i+1,1)=q/N"2;
end
[c,x0,r0]=SVDSol(A,d);
for i=1:N+2
r(i+1)=c(i);
end
r(1)=r(3);
for i=1:N+1
y(1,1)=r(i)+r(i+1)*4+r(i+2);
v(1,1)=—3%N*r (i)+3*xN*xr (i+2);
end
end
for i=1:N
v(i+1)=-2xlog(1+(i/N)"2);
end
v(1)=-2;
stp=1/N;
X=[0:stp:1];
plot(X,y-v)

N=input ('Enter the number nodal points:')
y=zeros(1,N+1);
v=zeros(1,N+1);
for n=1:15
p=3*y (1) "2*v(1);
q=6-y (1) "3+y (1) *p;
A(1,:)=[4-36%N"2+4xp,2+36%xN"2+2*p,zeros(1,N)];
d(1,1)=q;
for i=1:N
p=—6*%(i/N) "5+3*y (i+1) "2*v(i+1);
q=6+(1/N) "6-y(i+1)"3+y(i+1)*p;
A(i+1,:)=[zeros(1,i-1),6-6/i+p/N"2,-12+4*p/N~2,6+6/i+p/N"2,zeros(1,N-i)];
d(i+1,1)=q/N"2;
end
[c,x0,r0]=SVDSol(A,d);
for i=1:N+2
r(i+1)=c(i);
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end

r(1)=r(3);

for i=1:n+1
y(1,1)=r(1)+r(i+1)*4+r(i+2);
v(1,1)=-3*N*r (i) +3*N*r (i+2);

end

end
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Abstract

In this thesis, the B-spline method is used for the numerical solution class linear and
non-linear singular boundary value problems, linear system of second-order boundary
value problems and linear and non-linear singular initial value problems. The original
differential equation is modified at singular point then the modified problem is solved
by B-spline method.

In the case of non-linear problems, we first linearize the equation using Quasilin-
earization technique and the resulting problem is solved by B-spline.

In the present examples, the results obtained by the present method are compared
with exact solution and or the another methods solution for instance: the homotopy
method, the finite difference method.

Keywords:  B-spline method, Ordinary differential equation, Singular boundary
value problem, Initial value problem, system of second-order boundary value problem,
Lane-Emden equation .
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