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Annotation

Modern artificial intelligence methods require significant amounts of data and computing resources. This
course examines methods of storing, processing and using large amounts of data in training, as well as
techniques for serialization and model delivery in applied tasks. This course complements Machine Learning
and Software Development courses.

1. Study objective

Purpose of the course

- learn how to solve machine learning problems using modern methods of conducting experiments and
serialization of models.

Tasks of the course
- explore ways to speed up computing when using a distributed infrastructure;
- explore approaches to the distributed use of data by multiple instances.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

Gen.Pro.C-1.3 Understand interdisciplinary relations in
applied mathematics and computer science and apply them
in professional tasks

Gen.Pro.C-1 Address current challenges in
fundamental and applied mathematics

Gen.Pro.C-2.1 Assess the current state of mathematical
research within professional settings

Gen.Pro.C-2.2 Assess the relevance and practical
importance of applied mathematical research in professional
settings

Gen.Pro.C-2 limprove upon and implement new
mathematical methods in applied problem

solving . _ .
Gen.Pro.C-2.3 Understand professional terminology used in
modern scientific and technical literature and present
scientific results in oral and written form
Pro.C-1.1 Apply principles of scientific work, methods of]

Pro.C-1 Become part of a professional data collection and analysis, ways of argumentation; prepare

community and conduct local research under scientific  reviews, publications, abstracts, and

scientific guidance using methods specific to a |bibliographies on research topics in Russian and English
particular professional setting Pro.C-1.2 Understand the verification process of software

models used to solve related scientific problems

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:
- the main ways of parallelization of calculations;
- basic distributed data storage systems;
- basic techniques for serialization of models.
be able to:
- configure the process of parallel data processing using a distributed infrastructure;
- evaluate the level of reproducibility of experiments;
- to carry out experimental verification of hypotheses.
master:
- basic skills of working with distributed machine learning systems.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions




Types of training sessions, including independent work
Ne Topic (section) of the course
. Laboratory Independent
Lectures Seminars .
practical work
1 Methods for accelerating calculations 5 15 25
) Methods of parallel processing of large 5 15 25
amounts of data
Methods for serializing machine learning
3 . : 5 15 25
models and conducting experiments
AH in total 15 45 75
Exam preparation 0 AH.
Total complexity 135 AH., credits in total 3
4.2. Content of the course (training module), structured by topics (sections)

Semester: 3 (Fall)

1. Methods for accelerating calculations

Streams. Multithreading.
Methods of finding consensus. Consensus Algorithms
Using distributed computing

2. Methods of parallel processing of large amounts of data

Using SQL with large amounts of data
Hive

Spark

NoSQL

Hadoop and MapReduce

3. Methods for serializing machine learning models and conducting experiments

CI/CD approaches

Distributed learning of deep learning models
Model serialization techniques

ONNX

TensorRT

Methods of conducting reproducible experiments

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

A classroom equipped with a computer and multimedia equipment (projector, sound system).

6. List of the main and additional literature, that is necessary for the course (training module)
mastering




Main literature

Jlureparypa xadenpsbr:

1. Tom White. Hadoop: The Definitive Guide: Storage and Analysis at Internet Scale 4th Edition.
O'Reilly Media; 2015

2. Vijay K. Garg. Elements of Distributed Computing. Wiley-IEEE Press, 2012

Additional literature
Jlureparypa kadeapsr:
1. Maarten van Steen, Andrew S. Tanenbaum. Distributed Systems.
CreateSpace Independent Publishing Platform, 2017

7. List of web resources that are necessary for the course (training module) mastering
http://dm.fizteh.ru/

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

Multimedia technologies are used in lecture classes, including presentation demonstrations.

In the process of independent work of students, it is assumed to use such software tools as git, CLI
(command-line interface), Jupyter Notebook, etc.

9. Guidelines for students to master the course

Successful completion of the course requires intense independent work of the student. The course
program provides the minimum required time for a student to work on a topic. Independent work
includes:

— study of educational material (based on lecture notes, educational and scientific literature);

— preparation for practical classes, home theoretical and practical tasks.
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1. Competencies formed during the process of studying the course

Code and the name of the competence

Competency indicators

Gen.Pro.C-1 Address current challenges in
fundamental and applied mathematics

Gen.Pro.C-1.3 Understand interdisciplinary relations in
applied mathematics and computer science and apply them
in professional tasks

Gen.Pro.C-2 limprove upon and implement new
mathematical methods in applied problem
solving

Gen.Pro.C-2.1 Assess the current state of mathematical
research within professional settings

Gen.Pro.C-2.2 Assess the relevance and practical
importance of applied mathematical research in professional
settings

Gen.Pro.C-2.3 Understand professional terminology used in
modern scientific and technical literature and present
scientific results in oral and written form

Pro.C-1 Become part of a professional
community and conduct local research under
scientific guidance using methods specific to a
particular professional setting

Pro.C-1.1 Apply principles of scientific work, methods of]
data collection and analysis, ways of argumentation; prepare
scientific  reviews, publications, abstracts, and
bibliographies on research topics in Russian and English

Pro.C-1.2 Understand the verification process of software
models used to solve related scientific problems

2. Competency assessment indicators

As a result of studying the course the student should:

know:

- the main ways of parallelization of calculations;

- basic distributed data storage systems;

- basic techniques for serialization of models.

be able to:

- configure the process of parallel data processing using a distributed infrastructure;
- evaluate the level of reproducibility of experiments;
- to carry out experimental verification of hypotheses.

master:

- basic skills of working with distributed machine learning systems.

3. List of typical control tasks used to evaluate knowledge and skills

1. What is JIT?

2. What is the difference between relational and non-relational databases?

3. What is a stream?

4. What is a race condition? How to avoid it

5. What properties should distributed file systems have?

4. Evaluation criteria

1. What is machine learning and how does it differ from traditional programming?

2. Describe the main types of machine learning: supervised, unsupervised and reinforcement learning.

3. What are the key stages in the process of developing a machine learning model?

4. Name and briefly describe three popular machine learning algorithms.

5. What is the difference between regression and classification?

6. What is overfitting and how can it be avoided?




7. What are the main stages of data preprocessing before training the model?

8. Why is it important to divide the data into training and test samples?

9. What is data normalization and standardization? In what cases should they be used?
10. What metrics are used to assess the quality of machine learning models?

11. Explain what cross-validation is and why it is needed.

12. How to interpret the results of the error matrix (confusion matrix)?

13. How to ensure the scalability of a machine learning solution?

14. What factors should be taken into account when integrating the model into the existing IT
infrastructure?

15. What ethical issues may arise when using machine learning?

16. How can bias be minimized in machine learning models?

17. What popular libraries and frameworks are used to develop machine learning solutions?
18. How do I choose the right tool for working with data and models?

19. Describe an example of a project to implement a machine learning solution: from idea to
implementation.

OTINYHO

10 BcecTopoHHHME, CHCTEMAaTW3UPOBAaHHBIC, IIyOOKHE 3HAHUS Y4eOHOH MpOrpamMmbl JUCLMIUIMHBI U
YMEHHE YBEpEHHO NPHUMEHSATh MX Ha IMPAKTUKE NPH PEIICHUH KOHKPETHBIX 3ajad, CBOOOAHOE H
MpaBUILHOE 00OCHOBAaHHUE MPUHSTHIX PEILICHHIA;

9 cucremaru3upoBaHHbIC, ITyOOKHE 3HAHUS Y4eOHOM MporpaMMbl TUCHUIUIMHBI M YMEHUE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peLIEHN;

8 mryOokue 3HaHMS y4eOHOW NMporpamMMbl AUCHMIUIMHBI U YMEHUE NPUMEHATh UX HA MPAKTUKE HPU
peIIeHUH KOHKPETHBIX 3a]1a4, MpaBUJIbHOE 000CHOBAaHHUE MIPUHATHIX PELICHUH;

XOpOLIO

7 TBEpIO 3HAET MaTrepuaj, PaMOTHO M MO CYIIECTBY HM3JaraeT €ro, yMeeT MPUMEHSATh MOIy4YEHHBIE
3HaHUS Ha [IPAKTUKE, HO JIOIYCKAeT B OTBETE WJIM B PELLICHUM 33Ja4 HEKOTOPbIE HETOUHOCTH;

6 3HaeT marepuaj, rpaMOTHO M3JIaraeT €ro, yMeeT IPUMEHSTh NOJyUYEHHbIE 3HAHUS Ha IPAKTHKE, HO
JOITYCKaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;

5 3HaeT OCHOBHOM MaTepHall, [PaMOTHO H3JIaraeT €ro, yMeeT MPHUMEHSTh MOJYy4YCHHbIC 3HAHHS Ha
IIPAKTUKE, HO IOIyCKAeT B OTBETE WU B PEILIEHUH 3a/1a4 HETOUHOCTH;

YIOBJIETBOPUTEIILHO

4 (¢parMeHTapHBIN, pa3po3HEHHBIA XapakTep 3HAHWM, HEJAOCTATOYHO MpaBHIbHBIC (HOPMYITHPOBKH
0a30BbIX MOHSATHH, HAPYLICHHS JIOTUYECKOM MOCIEA0BAaTEIbHOCTH B H3JIOKEHUH MPOrPaMMHOIO
Marepualia, HO TPy 3TOM OH BIafIceT OCHOBHBIMHU paszieliaMy y4eOHON HporpaMmbl, HEOOXOIUMBIMU
JUIs AanbHeero o0y4yeHus 1 MOKET IPUMEHSTh OJTYYCHHbIE 3HaHUS 110 00pasily B CTaHAApPTHOU
CUTyaluH;

3 xapaxTep 3HaHMI AOCTATOUYEH LIS JaJIbHEHIIEro o0yuyeHHs] U MOXKET IPUMEHSTH [TOJyYeHHbIE 3HAHUS
10 00pa3ily B CTaHAAPTHOHN CUTyaluH;

HEYJIOBJIETBOPUTEIHHO

2 He 3HaeT OOJbIICH YacTH OCHOBHOTO COACP)KaHUSI y4eOHOH MpOorpamMMmbl JTUCHMIUIMHBI, JOIMYCKAET
rpyOble OomuOKM B (HOPMYIMPOBKAX OCHOBHBIX IOHATHH IUCHUIUIMHBI M HE YMEET NPaBHILHO
HCIOJIB30BaTh MMOyYEHHBIC 3HAHUS MIPU PELICHUN THIIOBBIX MPAKTHUECKUX 3a/1a4.



1 He 3HaeT GOPMYIHPOBOK OCHOBHBIX NMOHATHH AMCLUIIMHBI M HE YMEET HCIOJIb30BaTh MOTy4YEHHbIE
3HaHUS NPU PELICHUH TUIIOBBIX IPAKTUYECKUX 3a1a4.

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

Bo Bpemss mpoBeaeHuss auddepeHIMpPOBaHHOTO 3a4éra OOydaroluecss MOTYT —IOJIb30BaThCs
IpOrpaMMOl TUCHIUTUTUHEI.



