
M033 
Obligatory - 

Semester 5 
Numerical Linear Algebra 

L+P+S 

2+2+0 

ECTS 

5 

 

Course objectives: Through this course we would like to introduce students to the basic ideas and 

methods of numerical linear algebra used in solving linear systems, least squares problems, eigenvalue 

and singular value problems. In exercises, students should learn proper techniques and be trained to 

solve specific problems by using ready-made software packages or their own programs 

 

Course prerequisites. Undergraduate degree in mathematics. (Differential Calculus, Integral 

Calculus, Multivariable Calculus, Linear Algebra I, II) 

 

Syllabus. 

1. Introduction. Basic algorithms, exploiting the structure, vectorization. Floating point arithmetic. 

2. Matrix analysis. The basic ideas of linear algebra. The standard vector and matrix norm. 

Conditioning of the matrix and sensitivity of square linear systems. 

3. Solving systems of linear equations. Triangular systems, LU-decomposition, Gauss algorithm, 

pivoting. QR-decomposition, Householder matrices. Positive definite systems. Cholesky 

decomposition. 

4. Iterative methods for solving linear systems. Standard methods (Jacobi and Gauss-Seidel). 

Relaxation methods. Large sparse systems of linear equations. 

5. A linear least squares problem. Orthogonality. Givens matrices, SVD decomposition. A linear 

least squares problem of the full rank. 

6. Eigenvalue problem. The general eigenvalue problem, properties and decomposition, symmetric 

eigenvalue problem, decomposition and properties. Iterative methods for determination of 

eigenvalues. 

 

Expected learning outcomes. 

After completing the course, students are expected to be able to: 

 reproduce basic concepts associated with the vector space; 

 reproduce basic concepts related to vector and matrix norms; 

 apply Gram-Schmidt orthogonalization process; 

 apply Gauss's algorithm, LU-decomposition, Cholesky algorithm for solving systems of linear 

equations; 

 understand the method of least squares and apply it to solve the tasks; 

 apply the general symmetric eigenvalue problem; 

 perform matrix diagonalization using orthogonal transformations; 

 use mathematics literature of different sources. 

 

Teaching methods and student assessment: Lectures and exercises are obligatory. The exam 

consists of a written and an oral part, and it will be taken after the completion of lectures and 

exercises. Acceptable scores on mid-term exams taken throughout the semester replace the written part 

of the final examination. Students may influence their final grade by doing homework during the 

semester. 

 

Can the course be taught in English: Yes. 

 

Basic literature: 

1. N. Truhar, Numerička linearna algebra, Odjel za matematiku, Sveučilište u Osijeku, Osijek, 2010. 

2. R.Scitovski,  Numerička matematika, Odjel za matematiku, Sveučilište u Osijeku, Osijek, 1999. 

 

Recommended literature: 
1. G. Golub, C. F. Van Loan, Matrix Computations, Johns Hopkins Univ Pr., 3rd edition, 1996. 



2. J. W. Demmel, Applied Numerical Algebra, SIAM, 1997. 

3. D. Kincaid, W. Cheney, Numerical Analysis, Brooks/Cole Publishing Company, New  York, 1996. 

4. G. W. Stewart, Matrix Algorithm, SIAM, 1998.  

 


