
Prove that for a real nxn matrix, the matrix norm induced by the vector infinity-norm is the maximum row sum 
of absolute values.



4.2 The following code generates 2000 random linear systems and a random perturbation of each, and makes 
a picture. Run it and describe/show how the results are consistent or not with Theorem 3.10.

Experimental results are consistent with the theorem in that for every system examined, the bound is greater 
than the actual relative change in the solution, i.e. all the dots are to the right of the identity line.

The gap between the cloud of dots and the bound makes one wonder if a tighter bound is possible.



4.3 Perform GE(PP) by hand on the matrix

[ 1  0  0  0  1 ]
[-1  1  0  0  1 ]
[-1 -1  1  0  1 ]
[-1 -1 -1  1  1 ]
[-1 -1 -1 -1  1 ]

demonstrating that the bound 2n − 1 on the growth rate in GEPP can in fact occur. Show the 
intermediate result for each "k", not for every single row operation.



Homework 4. 
4(a) Exact inverse of order-5 Hilbert matrix



Homework 4. 4(b) Condition numbers of Hilbert matrices of order 1 through 10



Homework 4. 
4(c) For each value of n from 1 to 10, construct and use numpy.linalg.solve() (GEPP) to solve 4000 randomly 
chosen linear systems Hnx = b and compute the largest relative error in your solutions and the error bound 
provided by Wilkinson's theorem assuming the worst possible growth rate, ρ. (n on the horizontal axis, log error 
on vertical; a dot for the worst error in your 4000 trials, and a dot for the Wilkinson error bound.) Comment on 
the results.

The error bound is seen to be valid, but is a huge over-estimate of 
the largest error seen in these experiments: from about 100 times the 
largest actual for n=2, to 10 million times the large actual for n=10.


