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MHNOACHUTEJBHASA 3AIINCKA

esu n 3axa4u y4eOHOM AU CIUTIIAHBI

e yueOHON TUCTUIUIMHBI «MeToabl HAaXOXKICHUS U aHAJIN3a 3aBUCUMOCTEH
B JIAaHHBIX» — HU3YYEHHUE COBPEMEHHBIX METOJOB U AJITOPUTMOB aHaM3a JAHHBIX U
dbopMUpOBAaHHE HABBIKOB pEIIEHUS MPAKTHUUYECKUX 3a7a4 C HCIOJb30BaHHUEM
COBPEMEHHOT'0 MPOrPaMMHOI0 00ECIICUCHHUS.

3agaum yuyeOHOM QM CIUTIIAHBI:

1) n3yueHnne 0coOBIX MOAXOI0B U CIIEUATLHBIX METOIOB aHAJIN3a TAHHBIX;

2) 3HAKOMCTBO CTYACHTOB C MPUMEHEHUEM CIEHHAIbHBIX METOJOB aHallM3a
JTAHHBIX, & TAK)KE UX MPEUMYIIECTBOM U HEJOCTATKAMU;

3) dopmMupoBaHME TPAKTUYCCKUX HABHIKOB PEIICHUS MPHUKIATHBIX 3a71ad C
WCITOJIb30BAHUEM COBPEMEHHOTO TIPOTPAMMHOTO 0OCCTICUCHHSI.

MecTo y4eOHO# JMCHHUILUIMHBI B CHCTEME MTOATOTOBKHU CHEHHAAINCTA C BBICIIIUM
oOpa3oBaHUEM.

VYueOHas AUCIUTIIIMHA OTHOCUTCS K MOAYJII0 «CIieluaibHbIC METO bl AaHATM3a
KOMIIOHEHTA YUpeXKIACHUS 00pa30BaHMUS.

YuyebHasg mporpaMMa COCTaBJIeHa C YYETOM MEXKIPEIMETHBIX CBsI3ed U
MpOorpamMM Mo AUCHUTUIMHAM: « MHOTOMEPHBIN CTaTUCTUYECKUIN aHAIN3», «MeTo/Ibl U
aJITOPUTMBI MAaIIuHHOTO 00y4YeHUs», «AHanus NHTepHET-TaHHBIX,
«MareMaTH4eCKoe U KOMITbFOTEPHOE ITPOTHO3UPOBAHUE.

TpeOoBaHUs K KOMIIETEHUUSIM

OcBoenune y4yeOHON auCHMIUIMHBL «MeToAbl HaxXOXICHUS U aHalu3a
3aBUCUMOCTEH B JAHHBIX» JOHKHO oOecrneuuTth (OPMUPOBAHUE CIIECTYIOMIUX
KOMIICTCHITUM:

Yenyonennvie npogpeccuonanvnvie komnemenyuu (YIIK):

[IpuMeHsT  3HAHUS 1O  COBPEMEHHBIM  BEPOSITHOCTHBIM  MOJIETISIM,
WCMOJIb3YEMBIM ISl  aHaAjW3a CJOXKHBIX JIaHHBIX, MPUMEHSITH CIEIUAJIbHBIC
COBpPEMEHHBIC METO/Ibl AaHAJIM3a CII0KHBIX TAHHBIX.

Cneyuanuzuposannvie komnemenuuu (CK):

ITprMeHITh METO/IBI HAXOXKICHUS U aHAJIM3a 3aBUCUMOCTEN B JJAHHBIX;

B pe3yabTaTe 0cBOCHHS YUCOHON JUCIUILIMHBI CTYICHT JTOJDKEH:
3HATD.
— OCHOBHBIE CIIEIMaIbHBIE METOABI aHAIN3a JAHHBIX;
— 0COOCHHOCTH METOJIOB M aJITOPUTMOB aHAJIN3a JaHHbIX;
yMeTb:
— HCIOJIb30BaTh METO/IbI U AJITOPUTMBI aHAJIM3a TaHHBIX;
— BBIOMpATh ONTUMAJIBHBIA METO/] aHAJIN3a JAHHBIX MIPH PEIICHUN 33/1a4H;
— HHTEPIPETHUPOBATH IMOJTYUCHHBIC PE3YJIbTATHI,
HMETh HABBLIK:
— paboTHI C OCHOBHBIMU CIICIIUAILHBIMU METOJIAMH aHAIN3a JAHHBIX
— KOMIIBIOTEPHOM peaan3alui OCHOBHBIX METOJIOB;
— pelICHUS MPUKIIATHBIX 33]1a4 C KCII0JIb30BAHHEM COBPEMEHHOI'O IIPOIPAMMHOI0O
oOecIeueHusl.



Crtpykrypa y4eOHOMH TUCHUIIINHBI

HuciuruinHa u3ydaercs B 3 ceMmectpe. B cooTBeTCTBHM € y4E€OHBIM IJIAHOM
BCET0 Ha H3Yy4YeHUE Y4YEOHOM IUCHUIIIMHBI «MeToAbl HaXOXACHUS M aHalu3a
3aBUCUMOCTEM B JaHHBIX» OTBEIEHO [JIi OYHOM (POpPMBI TMOIYYEHHUS BBICIIETO
obpazoBanus — 198 yacos, B ToM unciie 66 ayTUTOPHBIX YacOB, U3 HUX: JIEKIIUU — 22
yaca, MpaKTUYeCKHe 3aHATUs — 22 Yaca, CEMUHAPCKHE 3aHATUS — 22 Jaca.

TpyaoeMkocTh yueOHOM TUCHUIIIIMHBI COCTABISAET 6 3a4ETHBIX €IMHUIL.

dopMa MPOMEKYTOUHOU aTTECTALIMU — IK3AMEH.



EXPLANATORY NOTE

Aim and tasks of the discipline

Aim of the discipline «Data mining methodsy» — studying modern methods and
algorithms for intelligent data analysis and developing skills in solving practical
problems using modern software.

Tasks of the discipline:

1) study of special approaches and methods of data analysis;

2) familiarization of students with the use of specific data analysis methods, as
well as their advantages and disadvantages;

3) developing practical skills in solving applied problems using modern
software.

Place of the academic discipline in the system of training a specialist with
higher education.

The academic discipline is part of the module «Specific methods of analysis» of
higher education institution component.

The curriculum is designed taking into account interdisciplinary connections and
programs in disciplines: «Multivariate statistical analysis», «Methods and algorithms
of machine learningy, «Neural networks in machine learningy, «Methods for statistical
analysis of complex data», «Data mining methods», «Internet data analysisy.

Requirements for competences

Mastering of the academic discipline «Intelligent data analysis» should provide
the formation of the following universal and advanced professional competences:

Advanced professional competences:

To apply knowledge of modern probability models for complex data analysis, to
apply specific modern methods for complex data analysis.

Specialized competences:

To apply methods of data mining.

As a result of mastering the academic discipline, the student is expected to:
know:
— basic special methods of data analysis;
— features of methods and algorithms of data analysis;
be able to:
— use methods and algorithms of data analysis;
— select the optimal method of data analysis when solving a problem;
— interpret the obtained results;
have skills in:
— working with basic special methods of data analysis;
— computer implementation of basic methods;
— solving applied problems using modern software;



Structure of the academic discipline

The discipline is studied in the 3 semester. In total for the study of the discipline
«Data mining methods» is allocated for full-time higher education — 198 hours,
including 66 in-class hours, of them: lectures — 22 gacos, workshops — 22 hours,
seminar classes — 22 hours.

The labour intensity of the discipline is 6 credit units.

Form of certification — exam.



CONTENT OF THE STUDY MATERIAL

Topic 1. Preliminary data analysis.

Testing the sample for homogeneity, randomness. Detecting anomalous
observations. Robust estimates of position and scale. Data visualization. Determining
the distribution law.

Topic 2. Testing statistical hypotheses.

Principles of testing statistical hypotheses. Testing hypotheses about the equality
of means and variances of independent and dependent samples. Robust criteria for
testing hypotheses. Nonparametric criteria for testing hypotheses. Multiple hypothesis
testing.

Topic 3. Analysis of the relationship and dependence of features/
Sample correlation coefficients. Testing the significance of sample correlation
coefficients. Robust estimates of correlation coefficients. Contingency tables.

Topic 4. Multiple linear regression.
Estimation of regression equation coefficients. Model adequacy testing.
Residual analysis. Multicollinearity problem.

Topic 5. Other aspects of regression models.
Quialitative predictors. Predictors with only two levels. Predictors with more than
two levels. Extensions of the linear model. Nonlinear relationships. Potential problems.

Topic 6. Methods for creating repeated samples.
Cross-validation. Validation sample method. K-fold cross-validation. Bootstrap.

Topic 7. Selection and regularization of linear models.
Optimal subset selection. Stepwise selection. Compression methods. Ridge
regression. Lasso regression. Hyperparameter selection.

Topic 8. Dimensionality reduction methods.
Principal Component Regression. Partial Least Squares. High-Dimensional
Data. Regression for High-Dimensional Data.

Topic 9. Methods based on decision trees.
Basic concepts. Regression trees. Classification trees. Advantages and
disadvantages of decision trees. Bagging. Random forest. Boosting.

Topic 10. Cluster analysis.
Cluster similarity measures. Cluster merging methods. Hierarchical cluster
analysis algorithms. Robust k-means method. Visualization.



Topic 11. Time series analysis and forecasting.

Smoothing of time series. Trend and seasonality of time series. Autocorrelation
and partial autocorrelation functions. Autoregressive moving average model and
estimation of its parameters. Exponential smoothing models with trend and seasonality.
Holt-Winters model.



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE
Full-time form of higher education with the use of distance learning technologies (DLT)

i In-class hours x
S =
.§ Q & § T 0 g » =
w 2 Title of section, topic = £ 18| 8% | & = Form of control
@ o} S s | @5 | © S
= E
1 | Preliminary data analysis 2 Oral test
2 | Testing statistical hypotheses 2 2 Control work
3 Analysis of the relationship and 2 2 2 Individual task, seminar report
dependence of features
i . . Control work, report on the
4 | Multiple linear regression 2 2 performance of individual task
5 | Other aspects of regression models 2 2 2 Con_trol work, individual task,
seminar report
Methods for creating repeated Control work, report on the
6 2 2 2 L
samples performance of individual task
7 selectlon and regularization of 2 2 2 Control work, seminar report
linear models
8 | Dimensionality reduction methods 2 2 2 Cantrol work, report on the
performance of individual task
9 | Methods based on decision trees 2 2 2 Control work, re_pOTt on the
performance of individual task
10 | Cluster analysis 2 4 2 Repo_r t on the performance of
individual task
11 | Time series analysis and forecasting 2 2 4 Con_trol work, individual task,
seminar report
TOTAL 22 22 22




INFORMATION AND METHODOLOGICAL PART
List of basic literature

1. Tpyw, H. H. BBeneHne B KOMIBIOTEPHBIN U UHTEIUICKTYAJIbHBIA aHAJIN3
naHHbIX: y4e6. marepuansl / H.H. Tpym. - Munck: BI'Y, 2022 - 69 c. -
https://elib.bsu.by/handle/123456789/277034.

2. Axumos, A. U. IHTEnneKkTyanpHbIi aHaIU3 JAHHBIX U1 UMUTALIMOHHOTO
MOJEIIUPOBAHUS MTPOU3BOACTBEHHBIX cucteM / A. . Slkumos, E. A. SIxkumos, E. M.
bopuuk ; M-Bo oOpazoBanusi PecnyOmuku benapych, M-BO Haykd M BBICIIETO
obopazoanust PD, MOY BO "benopyccko-Poccuiickuit yn-T". - Morunes
benopyccko-Poccniicknit yH-T, 2021. - 183 c.

3. Hwunp, T. Maremaruka s Data Science :  ympaBiisieM JTaHHBIMEH  C
MOMOIIIBIO JINHEWHOM anreOpbl, TEOpuu BeposiTHOocTel u ctatuctuku / T. Hunn ; [mep.

c auri. A. I'aBpunoB ; Hayu. pen. K. Knom, P. UeObikun]. - Acrana : Crpunt byk,
2025. - 349 c.

List of additional literature

1. Jlxerime, I'. BBenenue B craTUcTHYECKOe OOydYeHHE C MpUMEpPaMH Ha
sa3pike R. Tlep. ¢ anrn. C.O. Mactuukoro / I'. Hxeimc, . Yurron, T. Xactu, P.
Tubmmpanu. — M.: JIMK Ilpecc, 2016. — 450 c.

2. bysnbckas, 10.B. BBeneHne B KOMIBIOTEPHBIM W WHTEIUIEKTYaJIbHBIN
aHanu3 1aHHbIX: MeTo. ykazanus / FO.B. Bysuibckas, B.B. Ka3zauenok — Munck: BI'Y,
2016. — 46 c.

3. CremanoB, P.I'. Texnomormss DATA MINING: HaTEemneKTyaIbHBINA
anann3 gaHaelx / P.JI. CremanoB — Kazanmp, W3garensctBo Kasanckoro
rocynusepcutera, 2008 — 58 c.

4, MycaeB, A.A. UHTennekTyanbHbld aHAIU3 JaHHBIX: ydeOHOe mocooue /
A.A. Mycaes. — CII6.: CII6I' TU(TY), 2018. — 176 c.

S. Padanosuu, B. Data mining, win NHTemIeKTyanbHbI aHAINU3 JaHHBIX

it 3aHaThIX. [Ipaktudeckuit kype / B. Padanosuy — Mocksa: Jlutarent U-Tpetin,
2014. - 96 c.

6. [Terpynun, FO.}O MHpopManoHHbIE TEXHOJIOTHH aHaau3a AaHHbIX. Data
analysis. M3n.4 / 10 .1O. Tlerpynun — M.: U3aarensctBo MI'Y, 2023. — 296 c.
1. 3apoBa, E.B. Meroast Data mining B 00paboTke u aHamuze

craructudeckux nanHeix (pemenus B R) / E.B. 3aposa — M.: Uudpa-M, 2021. — 232
C.

8. Rutkowski L., Jaworski M., Dudo P. Stream Data Mining: Algorithms and
Their Probabilistik Properties. — Springer. 2020. — 340 p.

9. Ghavami P. Big Data Analitics Methods. Analitics Techniques in Data
Mining. Deep Learning and Natural Language Processing. — De Gruyter Pub., 2019. —
254 p.

10.  Rutkowski L., Jaworski M., Dudo P. Stream Data Mining: Algorithms and
Their Probabilistic Properties. Springer, 2020. 340 p.
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11. bapcersu A.A., KynpusHoB M.C., Crenanenko B.B., Xomox WN.N.
Texnonornu aHanmsa maanHbix: Data Mining, Visual Mining, Text Mining, OLAD.
CII6.: BXB Ilerepoypr, 2007. — 384 c.

12. Han J., Kamber M., Morgan Kaufman. Data Mining: concepts and
techniques. — Morgan Kaufman Pub., 2012. — p.324.

13.  Hand J., Mannila H., Smyth P. Pricinciples of Data Mining. — MIT Press,
2001. — p.261.

14. ok, B. A. Jlornueckuii ananu3 JaHHBIX : yaeOHoe mocobue / B. A. Jliok.
- Cankr-Iletrepoypr ; MockBa ; Kpacwmomap : Jlaws, 2020. - 77 c.-
https://e.lanbook.com/book/126935

List of recommended diagnostic tools and methodology for final mark formation

The object of diagnostics of students’ competences is the knowledge and skills
acquired as a result of studying the academic discipline. ldentification of students'
learning achievements is carried out by means of current and interim certification.
The following means of current certification can be used to diagnose competences:
control work, report on the performance of individual task, seminar reports, oral test.

The form of interim certification in the discipline “Data mining methods” in
accordance with the curriculum is exam.

A rating system of the student knowledge is used for the final mark formation,
which makes it possible to trace and evaluate the dynamics within the process of
achieving learning objectives. The rating system stipulates the use of weighting
coefficients for current and interim certification of students in the academic discipline.

The final mark formation in the course of control measures for current
certification (approximate weighting coefficients determining the contribution of
current certification to the mark for passing interim certification) includes:

- performance of control work — 30 %;

- seminar reports — 30 %;

- report on the performance of individual tasks — 40 %.

The final mark for the discipline is calculated on the basis of the mark of current
certification (rating system of knowledge) — 60 % and exam mark — 40 %.

Approximate list of workshop

Class Ne 1. Testing statistical hypotheses.

Class Ne 2. Analysis of the relationship and dependence of features.
Class Ne 3. Multiple linear regression.

Class Ne 4. Other aspects of regression models.

Class Ne 5. Methods for creating repeated samples.

Class Ne 6. Selection and regularization of linear models.

Class Ne 7. Dimensionality reduction methods.

Class Ne 8. Methods based on decision trees.

Class Ne 9. Iterative methods of cluster analysis.

Class Ne 10. Hierarchical methods of cluster analysis.
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Class Ne 11. Time series analysis and forecasting.
Approximate list of seminar classes

Class Ne 1. Preliminary data analysis.

Class Ne 2. Testing statistical hypotheses.

Class Ne 3. Analysis of the relationship and dependence of features.
Class Ne 4. Other aspects of regression models.

Class Ne 5. Methods for creating repeated samples.

Class Ne 6. Selection and regularization of linear models.
Class Ne 7. Dimensionality reduction methods.

Class Ne 8. Methods based on decision trees.

Class Ne 9. Cluster analysis.

Class Ne 10. Stationary Time Series Analysis and Forecasting.
Class Ne 11. Exponential Smoothing Methods.

Description of innovative approaches and methods
for teaching the discipline

When organizing the educational process, a practice-based approach is used,

which entails the following:

— mastering the educational content through solving practical tasks;

— acquiring skills for effective performance in various types of professional
activities;

— orientation towards idea generation, implementation of students' group projects,
development of business culture;

— use of evaluation procedures, assessment methods, indicating the formation of
professional competences.

Methodological recommendations for the organization of independent
work

Independent work for the purpose of studying the material of the academic
discipline involves working with recommended educational literature and Internet
resources. Theoretical information is consolidated by completing laboratory
assignments, during which one should be guided by the methodological developments
posted in the electronic library of the university and on the educational portal.
Additional assignments (tests, assignments for independent completion) may also be
offered for self-assessment and deeper assimilation of the material received.

Sample list of questions for the exam

1.  Testing the sample for homogeneity, randomness. Detecting anomalous
observations. Robust estimates of position and scale.

12



2.
3.

Data visualization. Determining the distribution law
Principles of testing statistical hypotheses. Testing hypotheses about the

equality of means and variances of independent and dependent samples.

4.
S.
6.
7.

Robust criteria for testing hypotheses.

Nonparametric criteria for testing hypotheses.

Multiple hypothesis testing.

Sample correlation coefficients. Testing the significance of sample

correlation coefficients.

8.
9

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22,

Robust estimates of correlation coefficients.

Contingency tables.

Estimation of regression equation coefficients. Model adequacy testing.
Residual analysis. Multicollinearity problem.

Qualitative predictors. Predictors with only two levels.

Predictors with more than two levels.

Extensions of the linear model. Nonlinear relationships.
Cross-validation. Validation sample method.

K-fold cross-validation. Bootstrap.

Optimal subset selection. Stepwise selection. Compression methods.
Ridge regression. Lasso regression. Hyperparameter selection.
Principal Component Regression.

Partial Least Squares.

High-Dimensional Data. Regression for High-Dimensional Data.

Basic concepts. Regression trees. Classification trees. Advantages and

disadvantages of decision trees.

23.
24,

Bagging. Random forest. Boosting.
Cluster similarity measures. Cluster merging methods. Hierarchical

cluster analysis algorithms. Robust k-means method. Visualization.

25.
26.
217,
28.
29.

Smoothing of time series. Trend and seasonality of time series.
Autocorrelation and partial autocorrelation functions.

Autoregressive moving average model and estimation of its parameters.
Exponential smoothing models with trend and seasonality.
Holt-Winters model.

13
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