
Math 371 Numerical Methods

(Review Sheet)

NO calculator!

1. Describe the center difference formula for computing f ′(x) and f ′′(x). What are

the error bounds?

2. Regarding an iteration scheme for solving f(x) = 0, what is linear convergence rate

and what is cubic convergence rate? Show some examples.

3. Consider an n by n linear system A~x = ~b. It admits a unique solution ~x if and only

if .

4. Is it true that for matrices AB = BA in general? Give an example and a coun-

terexample.

5. Guassian Elimination with pivoting. Operation count.

6. Definition of condition number and how it relates the relative error and relative

residual?

7. Calculation of 2 norm and infinity norm of vector. Norms of matrix. Show ‖AB‖ ≤
‖A‖ × ‖B‖ for matrix A, B and any matrix norm ‖ · ‖ associated with a vector

norm.

8. LU factorization. Operation count for factorization and post-factorization calcula-

tion.

9. Dense matrix vs sparse matrix. How sparsity affects the efficiency of algorithms.

10. Thomas algorithm. Operation count.

11. Algorithms of the Jacobi method, Gauss-Seidel method and SOR method. Opera-

tion count.

12. For the above methods, convergence rates in terms of matrix norms, in terms of

spectral radius.

13. Definition of spectral radius. Show that it is smaller or equal to any matrix norm.
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14. Definition of diagonally dominant matrix. Show that its infinity norm is less than

1 (which implies convergence).

15. Error bound in terms of spectral radius. Estimate of operations needed to achieve

prescribed accuracy.

16. Optimal value of ω in the SOR method and corresponding convergence rate.

17. Definitions and basic properties of eigenvalues/eigenvectors.

18. Convergence rate of the power method, inverse power method, inverse power method

with shifting and Rayleigh quotient iteration. Choosing the proper method for given

problems.

19. Code debugging for the above methods.

20. Rayleigh quotient iteration is sensitive to initial guess of λ and v. Inverse method

with shifting is sensitive to initial guess of λ.

21. Deflation technique and its derivation.

22. Definition of interpolation.

23. Guass form and Newton form for polynomial interpolation. The algorithm, opera-

tion count and pros/cons.

24. Existence and uniqueness of interpolation. Its relation to linear algebra.

25. Cubic spline interpolation. Error bound.

26. Combination of multiple techinques of solving linear systems, finding eigenvalues,

interpolation, etc. Designing practical and efficient code.
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