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Course: Neural Network Modeling & Data Processing 
 
Faculty: Electronic-Informational 
Systems 

 

Amount of student effort (hours): 414 

 

Department: Computer and 
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Class contact time (hours): 132 

 

Level: MA, Year 1,2 

 

Term period(s): Sem. 2,3 

 

Language of instruction: Russian 

 

Course status: Mandatory core 

 

Course leader: Mikalai Kuzmitski 

 

Entry requirements: deep knowledge from the first degree 
study in the fields like mathematics, digital processing of 
signals and images, computational mathematics. 
Upper-intermediate skills in software engineering. 

ECTS: 12  Contact: knnbrest@yandex.ru 

 

Objectives: 

✔ study the basic concepts of the theory of machine learning and data processing; 
✔ get knowledge about the tasks and areas of practical application of models; 
✔ study the methods of designing, evaluating and improving the quality of models; 
✔ get knowledge about linear and logical models, ensembles of models; 
✔ get knowledge about basic neural network models and their advantages; 
✔ study specific  processing methods for different data formats and domains; 
✔ explore modern frameworks for data processing and model implementation; 
✔ get knowledge about high-performance computing in data modeling. 
 

Learning Outcomes: 

✔ formalize practical tasks in the form of a data processing task; 
✔ choose models and methods taking into account the specifics of the data; 
✔ feature engineering and feature correlation estimation; 
✔ develop and debug model components using modern frameworks; 



✔ plan and implement data processing and model training experiments; 
✔ analyze, verify and visualize data processing results; 
✔ optimize processing complexity in depend on practical requirements. 

 
 

Curriculum Outline: 

The theory of neural network modeling and data processing has many applications in various fields, for                
example, in forecasting, optimization of financial processes, robotics, the entertainment industry, etc.            
The demand for data models is justified by the possibility of their effective application for solving                
difficult formalized practical problems, while improving hardware platforms (GPU, cloud storages) and            
the availability of large amounts of experimental data creates good prerequisites for the widespread              
using of complex deep models. With this in mind, the demand for qualified specialists in the field of data                   
analysis with the necessary technical and research skills is increasing. The aim of this course is to                 
develop such skills that allow, taking into account the domain and data format, design models, plan and                 
carry out research work to study their quality, implement models using modern frameworks and              
high-speed computing capabilities.  

 

Contents: 

The course provides for consideration of the historical process of development of models, starting with               
philosophical assumptions and biological representations of the first half of the 20th century, ending              
with modern approaches to design of deep models. In this case, classical linear and logical models (in                 
particular, regression), ensembles of models (in particular, gradient boosting over decision trees) and             
neural network models (in particular, convolutional and recurrent architectures) are successively           
studied. Typical methods for processing numerical, textual and categorical data are also being studied,              
including data normalization, feature engineering, etc. Regression, classification, investigation of latent           
structure and reduction of data dimensionality are considered as the main data processing tasks. Time               
series, text documents and color images are the main domains. The main means of implementing               
models is Python programming language, as well as specialized libraries and frameworks (Tensorflow,             
Pytorch, Sklearn, OpenCV, NumPy, Pandas, Gensim, XGboost, etc.). 

 

Course methodology: 

This discipline is closely to other courses related to modeling of physical processes, technology of               
computational experiment, big data processing. At the beginning of the course the emphasis is on               
lectures and interactive lectures due to the large volume of theoretical data. However, as the models                
and methods of data processing are studied, the emphasis shifts to the practical side. As part of the                  
lecture classes, analysis and discussion of examples of solving typical tasks is carried out, starting with                
analysis of the problem, selection and comparison of models, ending with a ready-made code and               
analysis of its effectiveness. As a main part of the laboratory work a sequential implementation of an                 
individual project to solve a essential practical problem is provided (for example, image classification or               
analysis of semantic proximity of text documents). Upon completion of laboratory work, the project              
should be presented for discussion, and the results should be evaluated during the debate. 



Assessment Strategies: 

1. Mid-term survey and debate (20%) 

2. Pass exam (50%) 

3. Labs completion (30%) 

 

Assessment Criteria: 

Detailed criteria are presented in the University Standard Descriptors (Code for Level 7 of the NQF). 

 

Indicative Student Learning Resources: 

1. Головко, В. А. Нейросетевые технологии обработки данных : учеб. пособие / В.А. Головко, В.В. 
Краснопрошин. – Минск : БГУ, 2017. – 263 с. 

2. Goodfellow I. Deep learning / I. Goodfellow, Y. Bengio, A. Courville . – The MIT Press, 2016 . – 800 pp 

3. VanderPlas J. Python Data Science Handbook: Essential Tools for Working with Data / J. VanderPlas. –  

O'Reilly Media, Inc., 2016. – 548 pp 

4. Хайкин, C. Нейронные сети. Полный курс / C. Хайкин. – М. : Издательский дом "Вильямс", 2016. – 
1104 c. 

5. Colab page -  https://colab.research.google.com/ 

 

Calendar for Neural Network Modeling & Data Processing, Year 1, Sem.2 
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Number of 
hours 

4 4 4 4 4 4 2 2 4 4 4 4 4 4 4 2 2 4 2 4 4 4 2 4 2 2 4 2 2 2 2 

 

L/IL – Lecture/Interactive lecture 

LAB - Labs 

D - Debates 

https://colab.research.google.com/


Calendar for Neural Network Modeling & Data Processing, Year 2, Sem.3 

Month September October November 

Week number 1 2  3 1 2 3 4 1 2 3 4 

Kind of 
assignation  L IL LAB IL LAB L LAB IL LAB L LAB D L D 

Number of hours 2 2 4 2 4 2 4 2 4 2 2 2 2 2 

 

L/IL – Lecture/Interactive lecture 

LAB - Labs 

D - Debates 

  

Summative and formative assessments 

This course aims is to provide students with a clear idea of the actual problems of data analysis and                   
possible ways to solve them. This will allow students to understand the specifics of work and                
requirements to specialists in the field of data processing, and therefore develop the necessary              
technical and research skills. At the same time, the knowledge gained in the course on designing                
models, planning computational experiments, developing and debugging code will also be very useful             
for successful training in other courses. 


