
20-H03 Course description 

Name of the course 
Numerical mathematics and geomathematics (18 ECTS) 
- teachers Jaguljnjak-Lazarević, A.; Malvić, T.; Rajić, R.; Vrbaški, A. 

Goals of the course 

Systems of linear equations 
- provide the necessary basic mathematical concepts and results,  
- present direct methods for solving systems of linear equations, 
- present iterative methods for solving systems of linear equations with the 

emphasis on the conditions for the convergence of the method. 
 
Ordinary differential equations 
-       present initial, boundary and initial-boundary problems for ordinary 

differential equations of engineering problems in practice and describe the 
numerical methods for solving them 

 
Partial differential equations  

- explain the formulation of numerical models (constitutive equations, 
kinematical relations, compatibility conditions, equilibrium equations, 
boundary conditions, loads) 

- describe basic numerical solution methods (Rayleigh-Ritz method, finite 
element method, discrete element method, finite difference method) 

- show origins of errors which arise during formulation and calculation of 
numerical models 

- explain basic elements (routines) of the computer program (algorithms 
and pseudocodes) used for realization of numerical methods. 

 
Geomathematics 
Present the importance of selection of basic statistical procedures in 
geomathematics. Understand variogram function and its modelling in 1, 2 or 3 
dimensions. Know theory and application of geomathematical estimation for one 
or more variables. 
Understand the role of neural networks in geomathematical analyses. To know 
the basic idea and principles of networks, its structure, equations, learning. Study 
the networks with backpropagation, radial function and generalised regression. 
Connect statistical procedures with purpose of describing and selection of input 
data in useful groups. Link theories of variogram and geostatistical estimations for 
one or more variables. 
Understand the difference between interpolation and estimation. 
Know the basic Croatian geomathematical terminology. 



Expected learning outcomes 
(level 8.2) 
 

After completing the learning process, from the chosen topic the doctoral 
candidate will be able to: 
 
Group LO 1: Systems of linear equations (4 ECTS) – lecturers R. Rajić and A. 

Vrbaški 
- formulate the basic ideas of individual numerical methods for solving systems of 
linear equations (1 ECTS) 
- compare numerical methods for solving the given problem with respect to their 
advantages and disadvantages (1 ECTS) 
- check the assumptions of the method and solve the system of linear equations 
by a direct or iterative method (1 ECTS) 
- analyze the results of numerical methods (1 ECTS) 
 
Group LO 2: Ordinary differential equations (2 ECTS) – lecturers R. Rajić and A. 

Vrbaški 
- formulate the basic ideas of individual numerical methods for solving ordinary 
differential equations (0,5 ECTS) 
- compare numerical methods for solving the given problem with respect to their 
advantages and disadvantages (0,5 ECTS) 
- solve ordinary differential equations of simpler mathematical models of 
engineering problems by a suitably chosen numerical method (0,5 ECTS) 
- analyze the results of numerical methods (0,5 ECTS) 
 
Group LO 3: Partial differential equations (5 ECTS): - lecturer A. Jaguljnjak-
Lazarević 

- formulate basic ideas inside certain numerical methods for solving partial 
differential equations (1 ECTS), 

- write a simple computer program for some numerical methods (0,5 ECTS),  
- create optimal (simple and sufficiently accurate) numerical model of a real 

engineering problem (1,5 ECTS), 
- choose suitable numerical solution procedure (1 ECTS), 
- assess model and solution accuracy (1 ECTS) 

 
Group LO4: Geomathematics (7 ECTS): - lecturer T. Malvić 
- select geological and generally subsurface data that could be analyzed by 
geomathematical methods as variogram, Kriging, stochastical simulations, neural 
networks (1 ECTS) 
- analyze geological subsurface data using variograms, Kriging, stochastical 
simulations, neural networks (1 ECTS) 
- review the proper application of neural networks for subsurface data, especially 
of different neural functions (0,5 ECTS) 
-  recognise the situations when networks could be over-trained and meaningless 
(0,5 ECTS) 
- explain the meaning of number of network’s hidden layers, activation functions 
and reasons why to automate network calculations (1 ECTS) 
- distinguish the data and groups which prefer geostatistical analyses vs. ones 
appropriate to analyse with neural networks, especially regarding spatial 
dimensions (1 ECTS) 
- apply the Croatian geomathematical terminology (1 ECTS) 
- interpret obtained results from the own researching data and published scientific 
paper after the exam is successfully passed (1 ECTS). 

Course content Systems of linear equations: 
Basic concepts and results of linear algebra (eigenvalues and eigenvectors, vector 
and matrix norms, convergence in vector and matrix norms). 
Direct methods for solving systems of linear equations. LU factorization, Cholesky 
factorization, QR factorization. 
Iterative methods for solving systems of linear equations. Linear iterative 



methods. Jacobi method, Gauss-Seidel method. Convergence of Jacobi and Gauss-
Seidel's Methods. 
 
Ordinary differential equations: 
Numerical solving of an initial problem for ordinary differential equations of the 
first order. Euler's and Runge-Kutta methods. Numerical methods for solving the 
system of ordinary differential equations of the first order. Numerical solving of a 
boundary problem for ordinary differential equations of the second order. Finite 
Difference Method. 
 
Partial differential equations: 
From the real (engineering) problem to the numerical model: the concept of 
material continuum, kinematical relations, compatibility conditions, equilibrium 
equations, constitutive laws, boundary conditions, loads, linearization, boundary 
definition. 
Solution procedures: force method and displacement method. Strong and weak 
formulation, Rayleigh-Ritz method, finite element method, discrete element 
method. Properties and sparce storage of stiffness matrices and solving system of 
linear algebraic equations. Errors in creating and calculating numeric models. The 
advantages and disadvantages of discretization procedures. 
 
Geomathematics: 
Geostatistics: 1. Basic statistical procedures (variance, distributions, co-variance, 
correlation); 2. Variogram (basic parameters, models); 3. Variogram analysis of 
data on kilometre distances; 4. Variogram analysis of data on metre and 
centimetre distances; 5. Theory of geostatistical estimation (properties, matrix 
equations, Simple and Ordinary Kriging, calculations, regular data set, model 
without/with nuggets, anisotropy, irregular data set, high anisotropy in dominant 
dimension, CoKriging, stochastical simulations, transformation of input data, 
processing of input data, “zero” realisation in simulation, set of realisations, 
advantages/disadvantages of the sequential Gaussian simulations, inverse 
distance weighting); 5. Examples of interpolation and simulation using 
geostatistics; 6. Seismic data as secondary variable; 7- Stochastical simulations – 
examples. 
Neural networks: 1. Basic idea and principles (human neurons, structure of neural 
network, basic mathematics, learning, backpropagation, radial function, 
generalised regression); 2. Estimation of clastic facies by neural networks; 3. 
Estimation of lithology and hydrocarbon saturation; 4. Estimation of porosity; 5. 
Partial reconstruction of well logs, examples from the Croatian part of the 
Pannonian Basin System. 
Terminology: learning of the Croatian geomathematical terminology in 
researching and application of geomathematics through different studies and 
scientific papers. Croatian geomathematical dictionary, Croatian-Croatian 
disctionary with English synonyms. 
 

Forms of teaching (and the 
allocation of ECTS) 

Systems of linear equations: 
The education includes lectures (0,7 ECTS) and learning from the given literature 

(3,3 ECTS) 
 
Ordinary differential equations: 
The education includes lectures (0,3 ECTS) and learning from the given literature 
(1,7 ECTS) 
 
Partial differential equations: Lectures or Consultations and demonstration 
computer exercise (1 ECTS), writing a seminar (4 ECTS). Teaching material 
encompasses textbooks from Croatian and foreign universities, scientific papers 
and the computer program Wolfram Mathematica 



 
Geomathematics: 
The education includes lectures and seminar with computer modelling (5+2 ECTS). 
Teaching materials exist as university book, several scientific papers, software 
freeware and measurement devices. 

Evaluation procedures of the 
PhD candidates 

Systems of linear equations: 
Written exam 
Ordinary differential equations: 
Written exam 
Partial differential equations: 
Evaluation of writing and presenting a student's project. 
Geomathematics: 
The students are obligated to make seminar and present results to professor. So, 
the exam includes written and oral part. 

 

 


