Mth 439 Numerical AnalysisLab Issuesin Numerical Matrix
Computations: Ill Conditioned Matrices

A matrix is said to bdl-conditioned if relatively small changes in the entries of Aisa
relatively large changes in solutions to the sysfear b. If relatively small changes in
the entries in A result in small changes in theisohs, it is said to bevell-conditioned.
In order to predict their potential behavior, @ndition number is used. If Ais a
nonsingular matrix, thecondition number of A, denoted by c(A), is defined to be
c(A) = ||A]] |AY|, where ||A]| is a norm of the matrix A. Diffierédorms may be used;
one thatmay be used is

”A” = max{laill+ |a12 |++ pin |}!| =1,.n
That is, add up the absolute value of each rown take the maximum of the sums.

1 2 0 111 2/33  4/33
A=|3 -5 4|withA™*=|511 -1/33 -2/33
6 1 -2 Y2 Y6 -16

For example to compute c(A) (using the above ndom)the matrix A above:
[JAl=max{1+2+0,3+5+4,6+2}=12
[|AY| = max(1/11 + 2/33 + 4/33, 5/11 + 1/33 + 2/33 , 1/2 + 1/6/6) = 5/6
c(A) = (12)(5/6) = 10
In MATLAB, the ||A]| used in the previous example is comphbgedor m(A,inf) (called
the infinity norm). Usehelp norm to see alternative norms that may be specified.
MATLAB's cond(A) computes a condition number for A using Zheorm.

1. Enter the following matrices, and compute tleemdition number using the condition
number computed asor m(A,inf)Chorm(inv(A),inf)and alsocond(A). Then compute
the solutions to & = b for the giverb, and observe the results.

a)

1 1
A= b
1 2005

:(1j norm(A,inf)thorm(inv(A),inf)

0
cond(A)
A\b
b)
(1 1 b = 1 norm(A,inf)Chorm(inv(A),inf)
(1 201" o
cond(A)
A\b

c) Compare the relative change in the eagryin matrix A from part a) to part b) with
the corresponding relative change in the solution&x =b.



2. Repeat the instructions in Exercise 1 for ti®iing matrices:

a)
_(1 1 jb_(lj norm(A,inf)Chorm(inv(A),inf)
|1 12005 (o
cond(A)
A\b
b)
_(1 lJb_(lJ norm(A,inf)Chorm(inv(A),inf)
{1 101/ (o
cond(A)
A\b

c) Compare the relative change in the earin matrix A from part a) to part b) to the
corresponding relative change in the solution&xa= b.

3. A rule of thumb is for estimating accuracy of saas of A =b is:
If the condition number of A is =0.d x1C* then the components of x can generally be
expected to have k fewer significant digits of accuracy than the elements of A.

If we assume that the change in the value,gffrom part a to part b is rounding due to
having limited significant digits of accuracy, thendition numbers should forecast the
degree of error obtained in the answer{drom 1a) to 1b) and also 2a) to 2b). Write the
condition numbers for A in 1a), 1b), 2a), and 2b)hie form=0.d x1C* (or compute
logl0(cond(A)) in MATLAB), and explain the discrepancies in terms of thile rof
thumb.



