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Some Examples

� The Hilbert matrix Hn of order n de�ned by

Hn ��

�
�����

� ��� � � � ��n
��� ��� � � � ���n� �	





��n ���n� �	 � � � ����n� �	

�
�����

can be inverted exactly and its eigenvalues can be computed exactly

However� the Hilbert matrix is very ill�conditioned
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� Consider the matrix A �
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and the equations Ax � b

with b � ��� ��


��T and ��� ��


��T � respectively
 The solutions are
��� ��T and �
� ��T 
 This sensitivity of solution to small changes in data
is related to the ill�conditioning of the matrix A


� Let y denote an approximate solution to the system Ax � b
 De�ne
r �� Ay � b to be the residue
 We normally expect that if r is small�
then y would be close to the true solution x
 But note that y�x � A��r
and� hence�

ky � xk
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The exact solution is ������T 
 Consider the two approximate solu�
tions y� � �
������
�
���T and y
 � �
��������

��T 
 Clearly y

should be a more reasonable solution
 However� it can be checked
that r� � ��
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