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1. THE GOAL OF MASTERING THE DISCIPLINE

The course "Machine Learning and Big Data Mining" is part of the Master's program "Space
mission and system design" in the major 01.04.02 "Applied Mathematics and Informatics" and is
studied in the first semester of the first year. The course is offered by the Department of Mechanics
and Control Processes. It consists of five sections and 20 topics and focuses on the fundamentals of
clustering and its basic techniques, classification and its basic techniques, frequent item mining and
association rules, feature selection and dimensionality reduction, outlier detection, recommender
systems and algorithms, ensemble clustering and classification, multimodal relational clustering,
artificial neural methods and stochastic optimization, elements of statistical learning, a collection

of basic methods for solving typical problems, and familiarization with the area of their application
in professional activities.

The goal of mastering the discipline is to develop fundamental knowledge and skills in apply-
ing problem solving methods necessary for professional activities, to improve the general level of
students' literacy in the discipline Machine Learning and Big Data Mining, to familiarize them with
a new rapidly evolving field and provide practical knowledge experience in the analysis of real
world data.

2. REQUIREMENTS FOR THE RESULTS OF MASTERING THE DISCIPLINE

Mastering the discipline "Machine Learning and Big Data Mining" aimed at developing the
following competencies (parts of competencies) in students:

Table 2.1. List of competencies developed in students while mastering the discipline (results
of mastering the discipline)

Cipher Competence Indicators of Competency Achievement
P P (within this discipline)
UC-1.1 Analyzes the task, identifying its basic components;
UC-1.2 Searches for information to solve a given problem using
Capable of carrying out a critical |various types of queries, suggests options for solving the problem,
Uc-1 analysis of problematic situations |and analyzes the possible consequences of their use;
based on a systems approach and [UC-1.3 Analyzes ways of solving problems of ideological, moral
developing an action strategy  |and personal nature based on the use of basic philosophical ideas
and categories in their historical development and socio-cultural
context.
Able to search for relevant
sources of information and data,
pereetve, analyze? memorize, apd UC-7.1 Searches for the necessary sources of information and
transmit information using digital . . .
. data, perceives, analyzes, remembers and transmits information
tools, as well as algorithms when | . L . .
. . . using digital means, as well as with the help of algorithms when
working with data obtained from . . . . -
. . working with data obtained from various sources in order to ef-
UC-7 various sources in order to ef- . . . .
. . . fectively use the information received to solve problems;
fectively use the information . L L
. UC-7.2 Conducts an assessment of information, its reliability,
obtained to solve problems; . . . . . .
. L ; builds logical conclusions based on incoming information and
evaluate information, its reli- data.-
ability, and draw logical con- ”
clusions based on incoming
information and data
Able to formulate goals and  |PC-1.1 Possesses fundamental knowledge obtained in the field of
objectives of scientific research |mathematical and (or) natural sciences, programming and infor-
in the field of applied mathe- |mation technology;
matics and computer science, [PC-1.2 Able to find, formulate and solve standard problems in his
PC-1 L : .
computer technology and modern [own research activities in the field of applied mathematics and
programming technologies, and |computer science, computer technology and modern programming
select methods and means for |technologies;
solving problems PC-1.3 Has practical experience in research activities in the field




Indicators of Competency Achievement

Cipher Competence (within this discipline)
of applied mathematics and computer science, computer engi-
neering and modern programming technologies.;
Able to app.ly modern theoretical PC-2.1 Knows modern theoretical and experimental methods for
and experlmental mc?thods for developing mathematical models, innovative design tools and
developlng mathematical models elements of architectural solutions for information systems;
of objects and processes .under PC-2.2 Able to develop and implement algorithms for mathemat-
PC-2 study related to professional

activities in the field of training
and participate in their imple-
mentation in the form of software
products

programs;

ical models based on languages and packages of applied modeling

PC-2.3 Has practical experience in developing options for im-
plementing information systems using innovative tools.

3. PLACE OF THE DISCIPLINE IN THE STRUCTURE OF THE EDUCATIONAL
EDUCATIONAL INSTITUTION

Machine Learning and Big Data Analysis refers to the part formed by the participants of ed-
ucational relations of block 1 “Disciplines (modules)” of the educational program of higher edu-

cation.

As part of the higher education program, students also master other disciplines and/or prac-
tices that contribute to the achievement of the planned results of mastering the discipline "Machine
Learning and Big Data Analysis".

Table 3.1. List of components of the educational program of higher education that contribute
to the achievement of the planned results of mastering the discipline

. Subsequent
Cipher Name of competence Previous tcl(c):lr :le_;/il;(:ldgles’ prac- disciplines/modules,
g practices*
Able to search for relevant . ..
. . Technological Training;
sources of information and . .
data, perceive, analyze Pre-Graduation Internship in
> ’ o Industry;
memorize, and transmit in- . ..
. . I Practical Training and Re-
formation using digital tools, . ;
as well as algorithms when search in Dynamics and Con-
working with data obtained trol of Space Systems (online
UC-7 from various sources in or- ggﬁeigggsgg;i??(ﬁg ntrol
der to effectively use the ’
information obtained to Advanced Methods of Remote
solve problems; evaluate Sensing and Geoinformation
information, its reliability, Systems; .
and draw logical conclusions Web App1.1cat1on Development
based on incoming informa- and Security;
tion and data
Advanced Methods of Remote
Sensing and Geoinformation
Systems;
Structures & Materials Mod-
) eling;
Capable of carrying out a ’ .
critical analysis of problem- Is)ys;zﬁi]c)se;lgdnéontrol of
UC-1 atic situations based on a Y

systems approach and de-
veloping an action strategy

Space Systems;

Project "Drone Systems En-
gineering. Part 1";

Practical Training in Receiv-
ing Remote Sensing Data from
Satellites and its Interpretation
(online from RUDN Mission




Cipher

Name of competence

Previous courses/modules, prac-
tical training*

Subsequent
disciplines/modules,
practices*

Control Center) / Research;
Practical Training and Re-
search in Dynamics and Con-
trol of Space Systems (online
from RUDN Mission Control
Center) / Research work;
Technological Training;
Pre-Graduation Internship in
Industry;

PC-1

Able to formulate goals and
objectives of scientific re-
search in the field of applied
mathematics and computer
science, computer technol-
ogy and modern program-
ming technologies, and se-
lect methods and means for
solving problems

Pre-Graduation Internship in
Industry;

Practical Training in Receiv-
ing Remote Sensing Data from
Satellites and its Interpretation
(online from RUDN Mission
Control Center) / Research;
Practical Training and Re-
search in Dynamics and Con-
trol of Space Systems (online
from RUDN Mission Control
Center) / Research work;
Technological Training;
Advanced Methods of Remote
Sensing and Geoinformation
Systems;

System Design;

Dynamics and Control of
Space Systems;

PC-2

Able to apply modern the-
oretical and experimental
methods for developing
mathematical models of ob-
jects and processes under
study related to professional
activities in the field of
training and participate in
their implementation in the
form of software products

Advanced Methods of Remote
Sensing and Geoinformation
Systems;

System Design;

Project "Drone Systems En-
gineering. Part 1";
Pre-Graduation Internship in
Industry;

Practical Training in Receiv-
ing Remote Sensing Data from
Satellites and its Interpretation
(online from RUDN Mission
Control Center) / Research;
Practical Training and Re-
search in Dynamics and Con-
trol of Space Systems (online
from RUDN Mission Control
Center) / Research work;
Technological Training;

* - filled in accordance with the competency matrix and the SUP EP HE
** _ elective courses/practices




4. SCOPE OF THE DISCIPLINE AND TYPES OF EDUCATIONAL WORK

The total workload of the course "Machine Learning and Big Data Analysis" is 4 credits.
Table 4.1. Types of educational work by periods of mastering the educational program of higher education for full-time education.

Type of academic work TOTAL,academic hours Semeiter(s)
Contact work, academic hours 20 20
Lectures (LC) 10 10
Laboratory work (LW) 10 10
Practical/seminar classes (SC) 0 0
Independent work of students, academic hours 88 88
Control (exam/test with assessment), academic hours 36 36
Total complexity of the discipline academic hours 144 144
credit 4 4




5. CONTENT OF THE DISCIPLINE

Table 5.1. Content of the discipline (module) by types of academic work

Section
number

Name of the discipline
section

Topic Title

Topic Contents

Type of
academic
work*

Section 1

Introduction to Machine
Learning and Data Process-
ing. Software Tools for Data
Mining and Machine Learn-
ing.

1.1

Introduction to Machine Learning and Data
Processing. Formulation of Main Problem
Classes in Machine Learning.

Machine learning as a scientific direction studying methods for
constructing algorithms capable of learning from empirical data
without strictly following predefined rules. Main components:
features as independent variables, target variable as dependent
variable, training sample. Classification of machine learning prob-
lems: supervised learning using labeled data, unsupervised learning
in the absence of a target variable, reinforcement learning for
behavior formation based on interaction with the environment.

LC, LW

1.2

Regression and Classification; Clustering,
Dimensionality Reduction.

Regression task as prediction of a continuous numerical value.
Classification task as assigning an object to one of discrete cat-
egories. Clustering task as grouping objects based on their sim-
ilarity in the absence of class labels. Dimensionality reduction task
as transforming the feature space while preserving essential in-
formation and reducing the number of variables.

LC, LW

1.3

Text Processing; Image Processing.

Methods for processing textual data: representing textual infor-
mation numerically through the bag-of-words model and TF-IDF
method. Main tasks of text analysis: document classification, sen-
timent analysis, entity extraction. Methods for image processing:
representing visual information as pixel matrices. Main tasks of
computer vision: object recognition, image segmentation, edge
detection.

LC, LW

Section 2

Regression Analysis and Data
Compression.

2.1

Regression Task. Minimizing the Squared
Deviation. Regression Function: Conditional
Mathematical Expectation.

Regression task as predicting the numerical value of a target vari-
able based on input features. Minimizing the squared deviation as a
standard approach to assessing regression quality. Regression
function as the conditional mathematical expectation of the target
variable given feature values. Relationship between the quadratic
loss function and conditional mathematical expectation.

LC, LW

2.2

Linear Regression and k-Nearest Neighbors
Method. Overfitting and Underfitting.

Linear regression as a model assuming a linear relationship be-
tween features and the target variable, finding coefficients by
minimizing mean squared error. k-nearest neighbors method as a
non-parametric regression and classification method predicting
based on the nearest objects in the training sample. Overfitting as
excessive adjustment of the model to training data with loss of

LC, LW




Section
number

Name of the discipline
section

Topic Title

Topic Contents

Type of
academic
work*

generalization ability. Underfitting as excessive simplification of a
model unable to capture patterns in the data.

23

Decomposition of Error into Noise, Bias, and
Variance.

Decomposition of total prediction error into three components:
noise as irreducible error due to data randomness, bias as system-
atic error due to incorrect model assumptions about the data, vari-
ance as error due to model sensitivity to small fluctuations in the
training sample. Bias-variance tradeoff: simple models have high
bias and low variance, complex models have the opposite.

LC, LW

Section 3

Outlier and Anomaly De-
tection. Data Cleaning and
Regularization Technologies.

3.1

Outlier and Anomaly Detection. What Are
Outliers, Types of Outliers.

Outliers as data objects that differ significantly from the main body
of observations. Types of outliers: point outliers with an anomalous
value of one feature, contextual outliers anomalous under specific
conditions, collective outliers as groups of objects deviating from
the overall distribution. Causes of outliers: measurement errors,
rare events, equipment failures.

LC, LW

32

Outlier Detection Methods. Anomaly Search.

Statistical outlier detection methods based on the three-sigma rule
and interquartile range. Distance-based methods: Mahalanobis
distance, nearest neighbor method. Density-based methods: local
outlier factor. Machine learning for anomaly search: one-class
classification, isolation forest, autoencoders.

LC, LW

33

Sample Censoring. Outlier Screening, Outlier
Removal.

Sample censoring as the process of limiting extreme values to
reduce the influence of outliers. Outlier screening as complete
removal of anomalous records from the dataset. Criteria for outlier
removal: exceeding threshold values, inconsistency with logical
constraints, impossibility of verification. Risks when removing
outliers: loss of useful information when mistakenly discarding
rare but significant events.

LC, LW

34

Data Cleaning and Regularization Technolo-
gies. Main Types of Regularization.

Data cleaning as a set of measures to identify and correct errors,
omissions, and inconsistencies in data. Regularization as a tech-
nology for combating overfitting by adding a penalty term to the
loss function. Main types of regularization: L1-regularization lasso
leading to sparse solutions, L2-regularization ridge uniformly
reducing weights, Elastic Net as a combination of L1 and L2.

LC, LW

3.5

Dimensionality Reduction Method. Feature
Selection Methods.

Dimensionality reduction as the process of reducing the number of
features while preserving essential information. Feature selection
methods: filter methods evaluating the importance of each feature
independently, wrapper methods searching feature subsets based

LC, LW




Section
number

Name of the discipline
section

Topic Title

Topic Contents

Type of
academic
work*

on model quality, embedded methods with feature selection within
the learning process. Principal component analysis as a linear
transformation of original features into new uncorrelated compo-
nents.

Section 4

Clustering and Classification
Technologies. Neural Net-
works. Genetic Algorithms

4.1

Clustering and Classification Technologies.
K-means. EM Algorithm.

Clustering as an unsupervised task of grouping objects based on
their similarity. K-means method with iterative assignment of
objects to nearest cluster centers and recalculation of centers.
Choosing the number of clusters using the elbow method and
silhouette coefficient. EM algorithm for probabilistic clustering
assuming a mixture of Gaussian distributions. Alternating E-step
for estimating object membership and M-step for recalculating
distribution parameters.

LC, LW

4.2

Other Clustering Methods. Classification
Tasks. Bayesian Classifier.

Agglomerative hierarchical clustering with sequential merging of
the nearest objects into clusters. DBSCAN as a density-based
clustering method identifying regions of high density. Classifi-
cation as the task of assigning an object to one of predefined
classes. Bayesian classifier based on Bayes' theorem and the as-
sumption of feature independence naive Bayes classifier.

LC, LW

43

Linear Methods for Classification. Logistic
Regression, Maximum Likelihood.

Linear classification methods with class separation by a linear
boundary in feature space. Logistic regression as a binary clas-
sification method predicting class membership probability through
a sigmoid function. Maximum likelihood as a learning criterion for
logistic regression instead of minimizing the squared error. In-
terpretation of logistic regression coefficients as the influence of
features on the log odds ratio.

LC, LW

4.4

Neural Networks: General Architecture. Mul-
tilayer Networks. Backpropagation.

General architecture of a neural network: input layer of features,
one or more hidden layers with non-linear activation functions,
output layer with dimensionality matching the task. Multilayer
networks as universal approximators of any continuous function.
Forward pass for computing network outputs given input data.
Backpropagation as an algorithm for computing gradients of the
loss function with respect to network weights through sequential
application of the chain rule from output layer to input layer.

LC, LW

4.5

Stochastic Gradient Descent. Genetic Algo-

rithms.

Stochastic gradient descent as an optimization method for training
neural networks with weight updates based on a random mini-
batch of examples rather than the entire dataset. Advantages of

LC, LW




Section
number

Name of the discipline
section

Topic Title

Topic Contents

Type of
academic
work*

stochastic gradient descent: faster convergence, ability to work
with large datasets, escaping local minima. Genetic algorithms as
evolutionary optimization methods simulating natural selection
processes. Basic operations of a genetic algorithm: selection of the
best solutions, crossover for exchanging chromosome parts, mu-
tation for random changes.

Section 5

Feature Detection; Data
Normalization. Fuzzy Sets.
Bayesian Networks

5.1

Feature Extraction.

Feature extraction as the process of creating new informative fea-
tures from raw data. Difference between feature extraction and
feature selection: extraction creates new features, selection chooses
a subset of existing ones. Feature extraction methods for images:
corner and edge detectors, histograms of oriented gradients. Fea-
ture extraction methods for texts: n-grams, topic modeling, word
vector representations.

LC, LW

52

Feature Transformations. Data Normalization.
Data Normalization Methods.

Feature transformations as bringing data to a form convenient for
model training. Data normalization as scaling features to a specific
range or distribution. Necessity of normalization for methods
sensitive to feature scale: gradient descent, principal component
analysis, distance-based methods.

LC, LW

53

Min-Max Normalization. Z-score Normal-
ization. Decimal Scaling.

Min-max normalization with linear transformation of features into
a given range, usually from zero to one. Preservation of the orig-
inal distribution shape with min-max normalization. Z-score nor-
malization as centering and scaling to unit variance: subtracting the
mean and dividing by the standard deviation. Transforming fea-
tures to a standard normal distribution. Decimal scaling as dividing
all feature values by a power of ten to shift the decimal point.
Simplicity and reversibility of decimal scaling.

LC, LW

54

Fuzzy Sets. Bayesian Networks. Bayesian
Inference Tasks. Method for Constructing a
Fuzzy Bayesian Network.

Fuzzy sets as an extension of classical set theory with element
membership specified by a continuous function from zero to one.
Membership functions for describing linguistic variables: high,
medium, low. Bayesian networks as probabilistic graphical models
representing dependencies between variables through directed
acyclic graphs. Bayesian inference tasks: computing posterior
probabilities of variables given observations. Method for construct-
ing a fuzzy Bayesian network: combining fuzzy logic for working
with imprecise data and Bayesian networks for probabilistic in-
ference. Application in decision support systems with incomplete

LC, LW




Section
number

Name of the discipline
section

Topic Title

Topic Contents

Type of
academic
work*

or fuzzy information.

* - to be completed only for FULL-TIME education: LC — lectures; LW — laboratory work; SC — practical/seminar classes.
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6. LOGISTIC AND TECHNICAL SUPPORT OF DISCIPLINE

Table 6.1. Material and technical support for the discipline

Specialized educa-
tional/laboratory equip-
ment, software and ma-
terials for mastering the

discipline
(if necessary)

Audience type Equipment of the auditorium

A lecture hall equipped with specialized fur-
Lecture niture, a whiteboard (screen), and multime-
dia presentation equipment.

A computer room for conducting classes,
group and individual consultations, ongoing
monitoring and midterm assessment,
Computer class | equipped with personal computers (in the

amount of units), a board (screen) and
technical means for multimedia presenta-
tions.

A classroom for independent student work
(can be used for seminars and consultations),
equipped with a set of specialized furniture
and computers with access to the Electronic

Information System.
* - the classroom for independent work of students MUST be indicated!

For independent
work

7. EDUCATIONAL, METHODOLOGICAL AND INFORMATIONAL SUPPORT OF THE
DISCIPLINE

Main literature:
1. James, G. et al. An introduction to statistical learning. — Springer, 2013. — 426 pp
2. Trevor Hastie, Robert Tibshirani, et al., The Elements of Statistical Learning: Data
Mining, Inference, and Prediction, 2nd edition, 2017
3. Vyugin, V. V. Mathematical foundations of machine learning and forecasting: a tuto-
rial / V. V. Vyugin. - Moscow: MCNO, 2014. - 304 p.
Further reading:
1. Bruce, P. C., & Bruce, A. (2017). Practical Statistics for Data Scientists: 50 Essential
Concepts (Vol.First edition). Sebastopol, CA: O'Reilly Media
2. Molnar, C. (2018). iml: An R package for Interpretable Machine Learning
3. Explainable and interpretable models in computer vision and machine learning.(2018)
4. Combinatorics and probability theory, textbook, 99 pp., Raigorodsky, A. M., 2013
Resources of the information and telecommunications network "Internet":
1. RUDN University Electronic Library System and third-party electronic library systems
to which university students have access based on concluded agreements
- Electronic library system of RUDN - ELS RUDN
http://lib.rudn.ru/MegaPro/Web
- Electronic Library System "University Library Online" http://www.biblioclub.ru
- EBS Yurayt http://www.biblio-online.ru
- Electronic Library System "Student Consultant" www.studentlibrary.ru
- Electronic Library System "Troitsky Bridge"
2. Databases and search engines

11



- electronic fund of legal and regulatory documentation http://docs.cntd.ru/
- Yandex search engine https://www.yandex.ru/
- Google search engine https://www.google.ru/
- SCOPUS abstract database http://www.elsevierscience.ru/products/scopus/
Educational and methodological materials for independent work of students in mastering a dis-
cipline/module™:
1. Lecture course on the subject "Machine learning and big data analysis".

* - all teaching and methodological materials for independent work of students are posted in
accordance with the current procedure on the discipline page in TUIS!
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