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SOLUTIONS 

Problem 1:  a) (10 points) Determine the relative condition number for the following problem. 
Are there values of x for which the problem is ill-conditioned? Justify your answer. 
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SOLUTION: 

The relative condition is given by the formula 
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Using the fact that xee xx sinh2=− −  we can write 

x
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For values of x near 0 we have xx ≈sinh  and hence 1)( ≈xκ .  As ∞→x  we have 
2/sinh xex →  and hence 0)( →xκ .  As −∞→x  we have 2/sinh xex −−→  and hence 

0)( →xκ .   Thus, there are no values of x for which the problem is ill-conditioned. 
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b)  (20 points) Determine whether the calculation of 2)1(),( yxyxf +=  by the algorithm 
[ ] [ ])fl()fl()fl(1),(~ yyxyxf ⊗⊗⊕=  

SOLUTION: 

Using the properties of machineε  we find that there exist 6...1, =iiε  such that 
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Thus, the algorithm is backward stable. 
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Problem 2: (20 points) Compute the LU factorization with partial pivoting, PA = LU, for the 
following matrix 
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SOLUTION: 
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Problem 3: (20 points) Check that the coefficient matrix of the following system is symmetric 
and positive definite. Then, solve the system using Cholesky factorization.  
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SOLUTION: 

a) We have the system Ax = b where 
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Clearly, A is symmetric. Let us check the necessary conditions for positive definiteness of A: 

1) 0>iia  for all i  : satisfied. 

2) ijjjii aaa 2>+ for all i,j  : satisfied. 

3) the element with the largest magnitude lies on the main diagonal: satisfied. 

4) 0)det( ≠A : difficult to establish. 

Since A does not fail any of the conditions, there is reasonable chance that it is positive definite.  
We will proceed with Cholesky factorization. 
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Thus RRA T=  where 

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The next step is to solve byR =T by back substitution 
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The last step is to solve yRx = by back substitution 
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