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function [A,b,x] = phillips(n)

%PHILLIPS Phillips' "famous" test problem.

h
b
h
h
b
h
h
b
b
h
b
h
h
b
h

h
h
h

[A,b,x] = phillips(n)
Discretization of the “famous' first-kind Fredholm integral
equation deviced by D. L. Phillips. Define the function
phi(x) = | 1 + cos(x*pi/3) , Ix| < 3.
| 0 , x| >=3

Then the kernel K, the solution f, and the right-hand side

g are given by:
K(s,t) = phi(s-t) ,
f(t) = phi(t) ,
g(s) = (6-Is|)*(1+.5%cos(s*pi/3)) + 9/(2*pi)*sin(|s|*pi/3)

Both integration intervals are [-6,6].
The order n must be a multiple of 4.
Reference: D. L. Phillips, "A technique for the numerical solution

of certain integral equations of the first kind", J. ACM 9
(1962), 84-97.
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% Discretized by Galerkin method with orthonormal box functions.

% Per Christian Hansen, UNI-C, 09/17/92.

% Check input.

if (rem(n,4)~=0), error('The order n must be a multiple of 4'), end

% Compute the matrix A.

h 12/n; n4 = n/4; rl1l = zeros(l,n);

¢ = cos([-1:n4]*4*pi/n);

r1(1:n4) = h + 9/(h*pi~2)*(2*c(2:n4+1) - c(1:n4) - c(3:n4+2));
ri(n4+1) = h/2 + 9/(hxpi~2)*(cos(4*pi/n)-1);

A = toeplitz(rl);

% Compute the right-hand side b.
if (nargout>1),
b = zeros(n,1); c = pi/3;
for i=n/2+1:n
tl = -6 + ixh; t2 = t1 - h;
b(i) = t1x(6-abs(t1)/2)
+ ((3-abs(t1)/2)*sin(cxtl) - 2/cx(cos(cxtl) - 1))/c ...
t2*%(6-abs (t2)/2)
((3-abs(t2)/2)*sin(c*t2) - 2/c*x(cos(c*t2) - 1))/c;
b(n-i+1) = b(i);

end
b = b/sqrt(h);

end

% Compute the solution x.

if (nargout==3),
x = zeros(n,1);
x(2*n4+1:3*n4) = (h + diff(sin([0:h: (3+10%eps)]'*c))/c)/sqrt(h);
x(n4+1:2*n4) = x(3*nd:-1:2*n4+1);
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function [x_k,rho,eta] = tsvd(U,s,V,b,k)

%TSVD Truncated SVD regularization.

b

% [x_k,rho,eta] = tsvd(U,s,V,b,k)

b

% Computes the truncated SVD solution

% x_k = V(:,1:k)*inv(diag(s(1:k)))*U(:,1:k) '*b .
% If k is a vector, then x k is a matrix such that
yA xk=[xk(), xk(2, ...]

YA

% The solution and residual norms are returned in eta and rho.
% Per Christian Hansen, IMM, 12/21/97.

% Initialization.
[n,p] = size(V); 1k = length(k);
if (min(k)<0 | max(k)>p)

error('Illegal truncation parameter k')

end
x_k = zeros(n,1k);
eta = zeros(lk,1); rho = zeros(lk,1);

beta = U(:,1:p) '*b;

xi = beta./s;

% Treat each k separately.

for j=1:1k
i=%x(j);
if (i>0)

x k(:,3) = V(i ,1:1)*xi(1:1);



eta(j) = norm(xi(1:1));
rho(j) = norm(beta(i+l:p));
end

end

if (nargout > 1 & size(U,1) > p)
rho = sqrt(rho.”2 + norm(b - U(:,1:p)*beta)”2);

end
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n = 40;

normNoise = 0.01;

[A,b,x] = ilaplace(n);
b = A*xx;
[(U,S,V] = svd(A);

function f = £f(S, bt, normNoise, nu)

[n,m] = size(S);
f =0;
for k = 1:n
f=1f+bt(k)"2/ (1 +nu * S(k,k)™2)72;
endfor

f = f - normNoise™2;

endfunction

function fprime = fprime(S, bt, normNoise, nu)
[n,m] = size(S);
fprime = O;
for k = 1:n
fprime = fprime - 2*bt(k)~2 * S(k,k)"2 / (1 + nu * S(k,k)"2)73;
endfor

endfunction
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for times =

1:100

% generate error vector

e = rand(n,1);

e = e / norm(e) * normNoise;

newB = b + e;

% find mu

bt = U'*newB,;

t = -1;
tnext = le-5;
while (tnext > t)

t = tnext;

tnext = t - f£(S,bt,normNoise,
endwhile
mu =1/ t;
Snew = zeros(n,n);
for k = 1:n

Snew(k,k) = S(k,k)"2;

if (Snew(k,k) < mu)

Snew(k,k) = mu;

endif
endfor
SnewInv = zeros(n,n);
for k = 1:n

SnewInv(k,k) = 1 / Snew(k,k);
endfor
xLothar = V*SnewInv*S*bt;

t) / fprime(S,bt,normNoise, t);



Stik = zeros(n,n);
for k = 1:n
Stik(k,k) =1 / (mu + S(k,k)"2);

endfor

xTikhonov = V*Stik*S*xbt;

times

printf ("Lothar\n")
norm(x - xLothar)
printf ("Tikhonov\n")
norm(x - xTikhonov)

end
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%% Prposed Methods for Hilbert Matrix

clc

clear

format long
A=hilb(14);
b=Ax*ones(14,1);
1=[1e-8,1e-13];
Epss=1(1);
[V,S,U]=svd(A);
sl=diag(S);
a=(s1>Epss);
St=diag(si(a));
ni=length(St);
U1=U(:,1:n1);
Vi=V(:,1:n1);
Utilde=null(U1');
Vtilde=null(V1');
C1=Vtilde'*AxUtilde;
b1=V1'x*b;
b2=Vtilde'x*Db;
z1=pinv(St)*bl;

Vo
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z2=TSPP_Kh(C1,b2,1(2));

fprintf('\n Solution of Ax=b, When A is Hilbert Matrix and b=A*ones(n,1)\n')
x1=U1*z1+Utilde*z2;

disp(x1)

fprintf (' \n Error When A is Hilbert Matrix and b=A*ones(n,1) is\n ');
Erri=abs(xl-ones(14,1));

disp(Errl);

_F’LreJSLongSA NLY \.\.%;

%% Prposed Method For Following Matrix

clear

format long

A=[1/9 1/12 1/15 1/3 1/7 1/10 1/13 1/16 1/5 1/8 1/11 1/14 1/17 1/6;
1/13 1/16 1/19 1/8 1/11 1/14 1/17 1/20 1/9 1/12 1/15 1/18 1/21 1/10;
1/17 1/20 1/23 1/12 1/15 1/18 1/21 1/24 1/13 1/16 1/19 1/22 1/25 1/14;
1/7 1/10 1/13 1 1/5 1/8 1/11 1/14 1/3 1/6 1/9 1/12 1/15 1/4;

1/11 1/14 1/17 1/6 1/9 1/12 1/15 1/18 1/7 1/10 1/13 1/16 1/19 1/8;
1/15 1/18 1/21 1/10 1/13 1/16 1/19 1/22 1/11 1/14 1/17 1/20 1/23 1/12;
1/19 1/22 1/25 1/14 1/17 1/20 1/23 1/26 1/15 1/18 1/21 1/24 1/27 1/16;
1/22 1/25 1/28 1/17 1/20 1/23 1/26 1/29 1/18 1/21 1/24 1/27 1/30 1/19;
1/10 1/13 1/16 1/5 1/8 1/11 1/14 1/17 1/6 1/9 1/12 1/15 1/18 1/7;
1/14 1/17 1/20 1/9 1/12 1/15 1/18 1/21 1/10 1/13 1/16 1/19 1/22 1/11;
1/18 1/21 1/24 1/13 1/16 1/19 1/22 1/25 1/14 1/17 1/20 1/23 1/26 1/15;
1/8 1/11 1/14 1/2 1/6 1/9 1/12 1/15 1/4 1/7 1/10 1/13 1/16 1/5;

1/21 1/24 1/27 1/16 1/19 1/22 1/25 1/28 1/17 1/20 1/23 1/26 1/29 1/18;
1/16 1/19 1/22 1/11 1/14 1/17 1/20 1/23 1/12 1/15 1/18 1/21 1/24 1/13];
b=Axones(14,1);

1=[1e-8,1e-13];

Epss=1(1);

m=length(b) ;

n=1;

[V,S,U]l=svd(A);
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sl=diag(S);
a=(s1>Epss);
St=diag(si(a));
ni=length(St);
U1=U(:,1:n1);
Vi=V(:,1:n1);
Utilde=null(U1');
Vtilde=null(V1');
C1=Vtilde'*AxUtilde;
bl1=V1'x*b;
b2=Vtilde'x*Db;
z1=pinv(St)*bl;

z2=TSPP_Kh(C1,b2,1(2));
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A=input ('Enter Matrix A: ")
B=input ('Enter Matrix B: ")
C=input ('Enter Matrix C: ")

n=size(A,1);

m=size(C,1);

r=size(B,2);

Tli=[ones(n-m),zeros(n-m,m) ;C];

B11h=T1i*B;

B11=B11h(1:n-m,:);

B12h=T1ix*B;

B12=B12h(n-m+1:n,:);

T2i=[ones(n-m) ,-B11*pinv(B12) ;zeros(m,n-m),eye(m)];
T2=[ones(n-m) ,B11*pinv(B12) ;zeros(m,n-m) ,eye(m)];
Tci=T2i*T1i;

Tc=Tci~(-1);

AO=Tcix*AxTc;

CO=[zeros(m,n-m),eye(m)];

BO=[zeros(n-m,m) ;C*B] ;

s=input ('Enter Omega set as a vector like [s1,s2,s3,...,sn] ");

ns=length(s);



for i=1l:ms
VOo{i}=-(s(i)*eye(n)-A0)~(-1)*BO;
VOmp{i}=(VOo{i}'*V0o{i}) " (-1)*V0{i}';

end

COTor=null(CO);

Cl=abs(CO-ones(m,n))';

% for i=1:m

% r0(i)=VOmp{m}*COTor(:,1);

% end

% for i=m+1:n

% r0(1)=VOmp{m}*C1(:,i-m);

% end

r0{1}=VOmp{1}*[1;0;0];

r0{2}=VOomp{2}*[1;0;0];

r0{3}=VOmp{3}*[1;0;1];

for i=1:n
n0{i}=Vo{i}*ro{i};

end

% n0{1}=vo{1}*r0{1};

% n0{2}=vV0o{2}*r0{2};

% n0{3}=V0{3}*r0{3};

PO=[n0{1}];
RO=[r0{1}];
for i=2:ns
PO=[PO n0{i}];
RO=[RO r0{i}];

end

Q0=[PO;R0];

fprintf('\n \n The Matrix Q0 is \n \n')
disp(QO)

KO=RO*P0~(-1);

K=KO0*Tci;
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fprintf('\n \n The Matrix K is \n \n')
disp(K)

fprintf('\n \n The Matrix KO is \n \n')
disp(KO)
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Aabstract

In this thesis, we describe the optimization singular value decomposition method and
its application of the singular system .as in most engineering problems, we encounter sys-
temes has a singular coefficient matrix, therefore, finding the best solution of this system is
an effective step in advancing the practical purposes of this problem. therefore the impor-
tance of this problem, methods based on singular value decomposition such as Tikhonov
regularization method and truncated singular value decomposition and etc is presented
to solve this problems. we first review and compare these methods and then using a new
multistage method to find a solution to these problems. also, with the introduction of the
inverse kinematics methods Samples optimization of singular value decomposition and its
application is presented. Finally, we obtained state feedback matrix using eigenstructure
decoupling . also, using this method and similarity transformations and the importance
of minimizing the norm of the state feedback matrix in the optimization of linear control
system, a new method is proposed to achieve this goal. At the end of each chapter, nu-
merical examples are given to illustrate more.

Keywords : Singular value decomposition, Least squares problem, Regularization method,

State feedback matrix, Eigenstructure decoupling.
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