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Linear Systems

(E) With (9 = (0,0,0), compute two iterations of the Jacobi method to
solve the system Ax = b, where

2

2

4 0 0
A= |0 1, b=]2
1 -1 4 0

(E) With z(9) = (0,0,0), compute two iterations of the Gauss-Seidel method
to solve the system Az = b, where

2 1 1 2
A=1|1 2 1|, b=13
11 2 4

(E) Compute the LU factorization of the matrix

2 3 4
A=|-4 -5 -7
6 8 13

(E) Let b € R. Consider the matrix
2 b
o-[; ]
1. For which values of b is B positive definite?

2. What is the condition number of B?

(M) Write the pseudocode of forward substitution method used to solve
linear systems where the matrix is lower triangular and describe its
computational cost

(M) Describe the concept of preconditioner for iterative method. In par-
ticular, what are the features of a good preconditioner?

(M) Splitting iterative methods: definition and condition for convergence.
(M) Write the pseudocode of the Gauss-Seidel method.

(H) Write the pseudocode of the Gaussian elimination method (with piv-
oting).

(H) Write the pseudocode of the LU factorization method, without pivot-
ing, and describe its computing cost.



(H) Consider the linear system Az = b, and its perturbed version AZ = b.
State and prove an upper bound on the relarive error ||z — Z||, / ||z,

(H) Describe a method to compute the inverse of a given nonsingular ma-
trix and discuss its computational cost.

(H) Prove the Theorem of convergence of the Jacobi methods for diagonally
dominant matrices.



Eigenvalues

(E) With starting vector 2(%) = (1,0), compute two iterations of the power
method on the matrix
2 -1
S

(H) Describe the Pagerank algorithm explaining the meaning of the various
terms and expressions (a discussion of the computational efficiency of
the method is not required)

(H) Write the pseudocode of the Pagerank algorithm, possibly in a version
which is computationally efficient for large matrices.



Nonlinear Systems

(E) With initial guess xy = Fourier point, apply one Newton iteration to
the equation

(> =6z +4)(z+2)=0 zcl0,1].
(M) Write the pseudocode of the bisection method.

(M) Write the pseudocode of the Newton method.

(M) With initial guess z(°) = (0,0) apply one Newton iteration to the
nonlinear system
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(H) Give the statement of Newton convergence theorem for nonlinear equa-
tions. Prove that the order of convergence of the methods is 2.



Least Squares

(E) Compute the linear regression r(z) = co + c1z for the set of points

(_37 1)7 (_27 0)’ (_1’ 3)7 (17 1)’ (27 4)7 (37 3)
(M) Least square method for data fitting: give the definition and describe
its use for computing the linear regression line.

(H) Prove that if A € R™*" with m > n, has rank n, the system AT Az =
ATb admits a unique solution.
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