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Exercise 1 (6 points)  

a) Consider the sparse matrix here below, whose pattern is shown on the right. 

 

 

Specify which arrays you need for the following compressed representations and how many bytes they occupy in 

memory. 

Skyline 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Diagonal 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Ellpack-Itpack 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

 

 

 

 1 2 3 4 5 6 7 8 9 10 

1 -6,4000 1,6000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 

2 1,6016 -6,4125 1,5795 0,0018 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 

3 0,0000 1,6044 -6,4389 1,5585 0,0045 0,0000 0,0000 0,0000 0,0000 0,0000 

4 0,0000 0,0000 1,6061 -6,4622 1,5541 0,0055 0,0000 0,0000 0,0000 0,0000 

5 0,0000 0,0000 0,0000 1,6063 -6,4748 1,5608 0,0051 0,0000 0,0000 0,0000 

6 0,0000 0,0000 0,0000 0,0000 1,6052 -6,4740 1,5723 0,0038 0,0000 0,0000 

7 0,0000 0,0000 0,0000 0,0000 0,0000 1,6035 -6,4614 1,5838 0,0023 0,0000 

8 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,6018 -6,4418 1,5926 0,0011 

9 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,6006 -6,4212 1,5977 

10 0,0000 0,0000 0,0000 0,0000 0,0000 0,0012 0,0000 0,0000 1,6000 -6,4057 



b) Explain how arrays change after the insertion of element m4,8=0,0009 and what is the new memory occupation.  

Skyline 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Diagonal 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Ellpack-Itpack 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

 

c) Explain how the arrays change after the cancellation of element m10,6 and what is the new memory occupation.  

Skyline 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Diagonal 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Ellpack-Itpack 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

 



Question 1 (4 points) Explain the difference between direct and iterative methods for solving linear systems and 

briefly describe two methods at your choice. 
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______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________
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______________________________________________________________________________________________
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______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________
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Question 2 (4 points) Describe how the Power method works to compute eigenvalues and eigenvectors.  

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Question 3 (2 points) Describe one of the applications of eigenvalues/eigenvectors presented during the course. 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________
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______________________________________________________________________________________________
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Exercise 2 (4+2 points) - Methods for Differential equations  

a) Consider the initial value problem    2)1(
4

'
3

 y
y

x
y                   jjnn  

Use Euler’s Method with a step size of h1 = 0.2 and a step size of h2 = 0.3 to find the approximate value of the 
solution for x=1,6.  

Use two fractional digits (decimal places). 

b) Compute the relative forward error and the relative backward error, giving percentage values, using the 

approximate solution obtained for x=1,6 in both cases h1 and h2, using the exact solution: 42 4  xy . 

______________________________________________________________________________________________
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______________________________________________________________________________________________
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______________________________________________________________________________________________

______________________________________________________________________________________________
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______________________________________________________________________________________________
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______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

______________________________________________________________________________________________ 

______________________________________________________________________________________________  

 



 

Exercise 3 (3 points) Errors 

Show the contribution of computational error and propagated data error when computing 𝑦 = log⁡(1 + √3), using 

1,7 as approximation of √3, and recalling the Taylor series: log(1 + 𝑥) = 𝑥 −
𝑥2

2
+

𝑥3

3
−⋯ 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________ 

Question 4 (3 points) Matlab 

Describe the techniques for improving performance in Matlab. 
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______________________________________________________________________________________________
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Question 5 (4 points) - Molecular Dynamics 

Briefly describe the three principal models used in Molecular Dynamics highlighting the differences. 
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