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1. Prerequisites: 

 Basic computer science principles and skills 

 Probability theory basics 

 Linear algebra basics 

Courses: 

 Advanced Data Analysis&Big Data for Business Intelligence 

 Knowledge Discovery in Data at Scale Technologies 

2. Course Type  

Applied Machine Learning is an elective course for first year master students enrolled on the pro-

gram “Big Data Systems”.  

3. Abstract 

Machine learning techniques are widely applied in engineering, science, finance, and commerce to 

build systems that can be able to adaptively improve their performance with experience accumulated 

from the observed data. 

The course covers the fundamentals, approaches, algorithms, and applications. 

The course is focused on applying learning algorithms to build systems, that can be able to solve 

many practical problems such as speech recognition, object recognition, image retrieval,  to recom-

mend products and services and so on. Special attention is paid to Large Scale Machine Learning. 

An important part of the course is the project. 

Topics include: 

 methods and approaches  (Linear Regression with One Variable, Linear Regression with Multiple 

Variables,  Logistic Regression, Regularization, Neural Networks Representation, Neural Networks 

Learning, Bayesian networks, Reinforcement Learning, Representation Learning, Similarity and Met-

ric Learning, Sparse Dictionary Learning,  Genetic algorithms, Decision trees); 

  applying machine learning (machine learning system design. support vector machines. clustering. 

dimensionality reduction. anomaly detection); 

 applications to specified areas (online advertising&eCommerce − matching algorithms, keyword 

extraction, keyword similarity, advertisement relevance, advertiser quality, and click-through predic-



tion; Recommendation Systems&Collaborative filtering, wireless sensor networks and mobile ad-hoc 

networks, sentiment analysis, computational finance, speech and handwriting recognition,  detecting 

credit card fraud, adaptive websites. 

4. Learning Objectives 

The main objective of the Course is to present, examine and discuss the fundamentals and the prin-

ciples of machine learning. 

Generally, the objective of the course can be thought as a combination of the following constitu-

ents: 

 deep understanding of different machine learning models and their relations, 

 understanding of advantages and capabilities of machine learning methods; understanding of its 

disadvantages and limitations, 

 clear vision on the process of data analysis, 

 understanding of main limitations of using machine learning techniques in enterprises, 

 practical intuition on selecting models and their hyperparameters. 

5. Learning Outcomes 

While mastering the course material, the student will 

 know main notions of the machine learning, pattern recognition, deep learning, and probabilis-

tic modelling, 

 acquire skills of analyzing different datasets, 

 gain experience in applying machine learning to real world problems. 

6. Course Plan 

1. Introduction to machine learning concepts 

2. Linear models for classification and regression 

3. Decision trees 

4. Ensemble learning 

5. Recommender systems 

6. Nonparametric methods 

7. Clustering 

8. Dimensionality reduction 

9. Metrics and loss functions  

10. Representation learning 

11. Deep learning 

12. Structuring machine learning projects 

7. Reading List 



Required  

Machine learning: a probabilistic perspective /  K. P. Murphy. – Cambridge; London: The MIT Press, 

2012. – 462 p. – (Adaptive computation and machine learning) . – ISBN 978-0-262-01802-9.  

Optional  

1. Bayesian data analysis /  A. Gelman, J. B. Carlin, H. S. Stern, et al.. – 3rd ed. – Boca Raton; London; 

New York: CRC Press, 2014. – 661 p. – (Texts in statistical science). – ISBN 978-1-439-84095-5.  

2. Machine learning /  T. M. Mitchell. – Boston [etc.]: McGraw-Hill, 1997. – 414 p. – (McGraw-Hill se-

ries in computer science) . – ISBN 978-0-07-115467-3.  

3. Statistical learning theory /  V. N. Vapnik. – New York [etc.]: John Wiley & Sons, 1998. – 736 p. – 

(Adaptive and learning systems for signal processing, communications, and control).– ISBN 978-0-471-

03003-4. 

 

 

 

 

 

 

 

 

 

 

8. Grading System 

Current and resultant grades are made up of the following components: 

 Two assignments that are done by students individually, herewith each student has to prepare 

electronic (PDF format solely) report. All reports have to be submitted into the LMS system. 

The reports are graded by the instructor using the 0 to 3 scale by the end of the 2nd module. 

Each assignment contributes up to 3 points out of 10-point scale. Each assignment is made in a 

form of a Jupyter notebook. The students are expected to make use of Jupyter capabilities of in-

terleaving Python code with written English explanations of the analysis process. 

 Final exam which consists of solving a programming task. The examination is graded using the 

1 to 4 score scale and contributes up to 4 additional points out of 10-point scale. 

The final grade is defined as the sum of the first assignment score (0 to 3 points), the second as-

signment score (0 to 3 points), and the final examination score (1 to 4 points). The final grade is de-

fined on the 1 to 10 scale. The final grade of 4 or higher implies the successful completion of the 

course ("pass"). The final grade of 3 or lower implies failure to complete the course ("fail"). 

The examination is conducted in computer classes using the Jupyter Notebook software. The com-

puters and required software products shall be provided to students. The instructor is allowed to use 



any software during the examination. Students are allowed to spend up to 3 hours on the programming 

task. During the final examination students are allowed to use any available resources if necessary. 

The instructor evaluates each assignment once it is complete and evaluates student competencies in a 

verbal discussion. The criteria of this evaluation should include correctness of the code and its com-

prehensibility. The instructor should also challenge the ability to explain decisions that were made and 

understanding of possible alternatives.  

9. Guidelines for Knowledge Assessment 

The control of the course consists of two assignments and the final exam: 

Type of 

control 

Form of con-

trol 

1 year Department Parameters 

1 2 3 4 

Current 

(week) 

Assignment 1   week 29  Innovation 

and Busi-

ness in In-

formation 

Technology 

Data analysis problem 

solving, written report  

Assignment 2    week 40 Data analysis problem 

solving, written report 

Resultant Pass-fail ex-

am 

 

   week 41 Data analysis problem 

solving during the exam, 

oral discussion 

Both the examination and the assignments are presented in the form of Jupyter notebooks. Students are 

encouraged to make use of all the necessary features of Jupyter to communicate data analysis. Such 

communication should explain code blocks and the assumptions and decisions that were made. The 

report should be finalized with some conclusion about the performed data analysis. An example of 

such report is presented below: 

Import required libraries 

In [1]: %matplotlib inline 

        import pandas as pd 

        import matplotlib.pyplot as plt 

        import sklearn 

        import sklearn.datasets 

Load the Boston housing dataset 

In [2]: data = sklearn.datasets.load_boston() 

        features, labels = data['data'], data['target'] 

. . . 

more python code 

. . . 

We have successfully trained a random forest regression model 



and obtained the mean squared error of 10.82 which is 150% better than the baseline method perfor-

mance on the test dataset. 

10. Methods of Instruction 

Students should be provided by all the required information by the instructor during the lectures. 

However, to achieve better performance and obtain deeper understanding and intuition in the field it is 

highly recommended to refer to the additional sources of the course program. 

 

The education technology of this course includes lectures, practical classes with the use of computer 

software (Jupyter) and distance learning with the use of the LMS system. 

 

The students’ guideline for this course includes the following best practices: 

 It is highly recommended to visualize a map of available machine learning methods and their 

relations with the help of the instructor. 

 By the end of course it makes sense to find at least one suitable problem for each of the studied 

methods.  

 Students are expected to understand both capabilities and limitations of machine learning and 

its methods. This knowledge should be refined with the help of the instructor. 

 The vastness of the literature in the field could make it difficult to get a broad perspective. It is 

recommended to participate in group discussions during the classes. 

11. Special Equipment and Software Support 

 

This course involves using the following list of libraries and applications: 

 Anaconda 

 Jupyter notebook 

 Pandas 

 Scikit-learn 

 XGBoost 

 CatBoost 

All the required software can be installed using the Anaconda distribution thus it is the only soft-

ware that is recommended to be installed.  

 

The instructor would need a computer with a projector. The classes should take place in a comput-

er class with the aforementioned software being provided. 

 


