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Summary 

Course objective. The aim is to enable the doctoral student to acquire essential skills in analyzing Big 

Data and develop practical abilities to apply methods and technologies for Big Data storage and 

processing, and to critically evaluate modern scalable machine learning paradigms and distributed 

architectures as well as methods of research. 

 

Introductory part. Definition and evolution of Big Data. The main sources of Big Data. Types of Big 

Data: structured and unstructured. Big Data storage technologies and techniques. Data Lakehouses, Data 

Fabric, and Data Mesh architectures. Big Data mining: practical applications.  

 

Big Data analytics: 

Knowledge discovery in databases and the data mining process. 

Methods of large-scale preprocessing: data profiling, cleaning, feature engineering, and data sampling. 

Big Data analysis tasks. 

Big Data mining and scalable machine learning: 

• Frequent pattern analysis and association rules. 

• Forecasting, classification, and anomaly detection at scale; model evaluation under concept 

drift.  

• Streaming data analysis. 

• Clustering methods for large-scale data. 

• Dimension reduction and representation learning (including embeddings). 

• Machine and deep learning for Big Data processing: neural networks (CNNs, RNNs, 

Transformers), transfer learning, distributed training. 

• Large Language Models (LLMs) and Generative AI. Retrieval-Augmented Generation (RAG) 

and vector databases. 

• Text mining and Natural Language Processing (NLP): TF-IDF, transformer-based models, topic 

modeling, sentiment analysis. 

• Machine Learning Model Operationalization management (MLOps) practices for scalable 

systems. 

• Big Data visualization challenges. 

 

Big Data technologies: MapReduce (concepts), Apache Hadoop and Spark, Apache Kafka, Spark 

MLlib Library for Machine Learning, Big Data analytics using the R package, PySpark and Python. 

Cloud computing solutions for Big Data analytics: Microsoft Azure Machine Learning, Amazon Web 

Services (AWS), Google Cloud (BigQuery, Dataproc), Databricks (Lakehouse, Delta Lake), 

Containerization and orchestration basics (Docker/Kubernetes) for reproducible analytics. 

 

Practical aspects of Big Data processing. Practical applications in addressing the challenges arising from 

the business, finance, medicine, cybersecurity, and other domains. 



 

Practical task: to solve a real-world data analysis problem using Big Data and machine learning or 

deep learning, including data collection, preprocessing, and visualization. 
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