
MA/CSC 580, Homework #5Due Tuesday, November 25, 20081. Assume that kRk < 1, show that the iterative method xk+1 = Rxk + 
 has the error estimatekxk � x�k � kRkk1� kRk kx1 � x0k;where x� is the solution to x = Rx+ 
. Note that in this estimate, the true solution is not involvedin the right hand side. Hint: First show that xk+1 � xk = R(xk � xk�1) = Rk(x1 � x0), and thenR �xk � x��� �xk � x�� = Rk(x1 � x0).2. (a) Use the Gershgorin's theorem to lo
ate the intervals that 
ontain the eigenvalues of AA = 2664 0 1 11 �6 00 1 9 3775 :(b) Can A have 
omplex eigenvalues? Why?(
) Is A diagonalizable? Why?(d) Apply one step Power method using the 2-norm, and the xp notation.(e) Assume that eigenvalues A satisfy j�1j > j�2j > j�3j, apply one step shifted inverse Powermethod to approximate the eigenvalue �2 and its eigenve
tor with initial guess � 0 1 0 �T .Hint: You 
an use Matlba to �nd (A+ 6I)�1.3. Write a 
omputer program to �nd the least dominant eigenvalue of the matrix A and 
orrespondingthe unit eigenve
tor. Test your 
ode for the following two matri
es:2666666664 2 �1 0 0 � � � � � � 0�1 2 �1 0 � � � � � � 00 �1 2 �1 � � � � � � 0� � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � �0 � � � � � � 0 �1 2 �10 � � � � � � � � � 0 �1 2
3777777775 ;

2666666664 2 �1 0 0 � � � � � � 01 2 �1 0 � � � � � � 00 1 2 �1 � � � � � � 0� � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � �0 � � � � � � 0 1 2 �10 � � � � � � � � � 0 1 2
3777777775Tabulate the number of iterations, the relative error of the eigenvalue, and the residue ve
tor kAx��xk2 for n = 10; 20; 40; 80; 160. For the se
ond matrix, also try n = 11; 21; 41; 81; 161. Explain yourresults. Hint: Use the Lemma learned in 
lass to �nd the exa
t eigenvalues of A for the �rst matrix;and the Matlab fun
tion eig(A) for the se
ond matrix.4. Let x = � 3 0 �1 2 �T ; and y = � �1 0 0 0 �T .(a) Is there a Householder matrix P su
h that Px = y? Explain.(b) Let ~y = �y; �nd the s
alar � and a Householder matrix P su
h that Px = ~y.5.



(a) Show that the least squares solution of2664 01B02 3775x = 2664 b1b2b3 3775is x� = B�1b2 , where 01 and 02 are zero matri
es, and B is an invertible square matrix.(b) Use the result you proved in Part a to solve the following least squares problems and 
al
ulatethe 2-norm of the residual ve
tor for ea
h solution you 
omputed.2666666666664
0 0 00 0 02 1 �10 �3 20 0 10 0 0

3777777777775 x = 2666666666664
1�12�111

3777777777775 ; 2666666664 2 �1 0�1 2 �10 �1 20 0 00 0 0
3777777775 x = 2666666664 000�81

37777777756. Use the QR method to solve the over-determined system Ax = b, whereA = 2666666664 2 2 00 5 00 0 00 0 30 0 �4
3777777775 :(a) b = � 3 0 0 6 �8 �T .(b) b = e3 = � 0 0 1 0 0 �T .Cal
ulate the 2-norm of the residual ve
tor for ea
h solution you 
omputed.7. Find the singular value de
omposition for the matrix (with the pro
ess)" 1 0 10 1 0 # :


