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The primary aim of the course is to deepen and systematize advanced knowledge of applied machine

learning, deep learning, and contemporary intelligent systems, with an emphasis on the mathematical

understanding of models, experimental evaluation, reproducibility, and applications to real-world
Aims and research proble@s. The course proyides a contemporary extension of artiflcial intel'ligence, symbolic
intended and c’onnectlomst reasoning, mach1ne learmng,. and neural networks, placing them in the c'ontext of
T today's deep, generavnve, multimodal, and expla%r}able Al systems. Upon succes'sfu1. con.lpletlon Qf the
outcomes course, the student is expected to be able to critically analyze contemporary scientific literature in Al

and machine learning, formulate a research problem, select an appropriate model and evaluation
methodology, implement and experimentally investigate advanced ML/DL models, interpret their
results, identify model limitations and risks, and clearly present original research results in the form of
a seminar paper or scientific article.

Coutse content/ topics

Contemporary intelligent systems: agents, knowledge representation, learning, reasoning, and decision-making
under uncertainty.

Methodological framework of machine learning: datasets, generalization, regularization, validation, performance
measures, overfitting, and underfitting.

Supervised, unsupervised, and self-supervised learning; regtression, classification, clustering, dimensionality
reduction, and representation learning.

Advanced machine learning models: SVM, ensemble methods, gradient boosting, probabilistic models, Extreme
Learning Machines, and hyperparameter optimization.

Deep learning: multilayer neural networks, CNN, RNN/LSTM/GRU, autoencoders, Transformer architectures,
and attention mechanisms.

Generative and multimodal models: GANs, variational autoencoders, diffusion models, large language models,
and fundamental principles of prompting and fine-tuning.

Explainable, trustworthy, and responsible artificial intelligence: interpretability, robustness, bias, ethical aspects,
and limitations of Al systems.

Applications of deep intelligent systems in image processing, computer vision, biomedical reconstruction,
satellite data, license plate detection, sentiment analysis, and spatiotemporal forecasting.

Experimental design in Al research: ablation studies, model comparison, statistical analysis of results,

reproducible Python/PyTorch/TensotFlow experiments, and tesearch report writing.
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