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HOACHUTEJIBHASA 3AITMCKA

esn 1 3212491 y4eOHOM TUCHUIIMHBI

Hean yueOnoit muctmminsael  «Intelligent data analysisy — wusydenue
COBPEMEHHBIX METOJIOB W aJIrOPUTMOB HWHTEIUIEKTYaJIbHOTO aHaiu3a JAaHHBIX M
dbopMUpOBaHHE HABBIKOB pEIICHUS MPAKTUYECKUX 3a/lad C HCIOJIb30BaHHEM
COBPEMEHHOTO MPOTrPaMMHOT0 00ECTIeYEHHUS.

3agaum yuyeOHOM QM CIUTIIAHBI:

1) u3ydyeHne OCHOBHBIX MOAXOJ0B M METOJOB MHTEUICKTYaJlbHOI'O aHalin3a
JIAHHBIX;

2) 3HAKOMCTBO CTYJCHTOB C MPUMEHEHHUEM METOJIOB HHTEJUICKTYaIbHOTO
aHajau3a IaHHbBIX, a TAKXKE UX MPEUMYIECTBOM U HEJOCTAaTKAMU;

3) dopmMupoBaHME TPAKTUYCCKAX HABHIKOB PEIICHUS MPHUKIATHBIX 3a71ad C
MCIIOJI30BaHUEM COBPEMEHHOTO MTPOTPAMMHOT0 00€CTICUEHUSI.

MecTo y4yeOHOHl IMCUMILIMHBI B CUCTEME IMOATOTOBKM CHELUUAIACTA C
BBICIIIMM 00pa30BaHUEM.

VYyeOHast JUCIUIUTMHA OTHOCUTCSA K MOAYJII0 «CrielruanbHble METO/Ibl aHAIN3a
B MIPUKJIAJHBIX 33]ja4aXy KOMIIOHEHTA YUPEKICHUS BbICIIETO 00pa30BaHMUs.

VYyeOHast mporpaMma COCTaBj€Ha C YYE€TOM MEXKIPEIMETHBIX CBfA3eH U
nporpamMm mo aucuuiuinHam: «Multivariate statistical analysisy, «Methods and
algorithms of machine learning», «Neural networks in machine learning», «Methods
for statistical analysis of complex data», «Data mining methodsy», «Internet data
analysisy.

TpeOoBaHUs K KOMIIETEHUMSIM

OcBoenne yueOHow mucrurumbbl — «Intelligent data analysis»  momkHO
oOecreyuTh (HPOPMUPOBAHUE CIAEAYIOIINX KOMITETEHIIUNA:

yuugepcanvusvle xomnerennuu (UC):

UC. To be able to apply scientific cognition methods in research activity, to
generate and realize innovative ideas;

cneyuanvhnovle komnererimu (SC):

SC. To use knowledge of probability models and methods for intelligent data
analysis.

B pesynbrate ocBoeHuUs1 y4eOHON AUCIUTIITMHBI CTYJIEHT JTOJKEH:

3HATD.

— OCHOBHBIE METO/Ibl UHTEIJIEKTYAJIbHOTO aHaIu3a IaHHBIX;
— O0COOEHHOCTH METOJIOB U aJITOPUTMOB aHAJIU3a TaHHBIX;
yMeTh:
— HCHOJIb30BaTh METOJIbI M AJITOPUTMBI MHTEIJIEKTYaIbHOTO aHAIN3a TaHHbIX;
— BBIOMpATh ONTHUMAJBHBIA METOJ HWHTEJUICKTYaJbHOTO aHajiM3a JaHHBIX IPH
pelIeHUH 3a]1a4H,
— UHTEPIPETUPOBATH NOTYUYEHHBIE PE3YJIbTATHI
HMeTh HABBIK:
— paboThl C OCHOBHBIMU METO/IAMH aHAJIN3a JIaHHBIX;
— KOMIIBIOTEPHOM peanun3aii OCHOBHBIX METO/IOB;



— pelIeHWs  TPUKIAIHBIX  3aJad €  HKCIOJb30BAaHUEM  COBPEMEHHOIO
IPOrPaMMHOT0 00eCIIeYEHUS;
Crpykrypa y4eOHOM IHCHUIINHBI

JlucuumiuHa u3ydaercs B 2 ceMecTpe. B COOTBETCTBUM ¢ YYEOHBIM ILIaHOM
BCEro Ha m3ydeHwe ydeOHO# mucuuiuimabl «Intelligent data analysis» orBeaeHO st
ouyHOU (HOpMBI TMOJyUYeHHS BhICIIero oOpazoBanHus — 120 gacoB, B ToM umcie 40
ayJIUTOPHBIX YaCOB, U3 HUX: JIeKInH — 20 "acoB, maboparopHbie 3aHaTHsI — 20 gacoB.

TpynoeMKoCTh ya4eOHOM TUCITUTIIIMHBI COCTABIISET 3 3a4ETHHIC €AMHUITBI.

dopMa MPOMEKYTOUHOM aTTECTALUU — 3a4ET.



EXPLANATORY NOTE

Aim and tasks of the discipline

Aim of the discipline «Intelligent data analysis» — 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 basic approaches and methods of intelligent data analysis;

2) familiarization of students with the use of intelligent 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 «Special methods for analysis in
applied problems 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 learning», «Neural networks in machine learning», «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:

universal competencies (UC):

UC. To be able to apply scientific cognition methods in research activity, to
generate and realize innovative ideas;

special competencies (SC):

SC. To use knowledge of probability models and methods for intelligent data
analysis.

As a result of mastering the academic discipline, the student is expected to:

know:

— basic methods of intelligent data analysis;

— features of methods and algorithms of intelligent data analysis;
be able to:

— use methods and algorithms of intelligent data analysis;

— select the optimal method of intelligent data analysis when solving a problem;
have skills in:

— working with basic methods of intelligent data analysis;

— computer implementation of basic methods;

— solving applied problems using modern software;



Structure of the academic discipline

The discipline is studied in the 2 semester. In total for the study of the
discipline «Intelligent data analysis» is allocated for full-time higher education — 120
hours, including 40 in-class hours, of them: lectures — 20 wacos, laboratory classes —
20 hours.

The labour intensity of the discipline is 3 credit units.

Form of certification — end-of-term test.



CONTENT OF THE STUDY MATERIAL
Section 1. Introduction to Intelligent data analysis

Topic 1.1. Introduction to Intelligent data analysis.

Methods and stages of Intelligent data analysis. Tasks and areas of application of
Intelligent data analysis. The process of knowledge discovery. The difference between
Intelligent data analysis and other methods of data analysis.

Section 2. Methods for searching for association rules

Topic 2.1. Types of association rules.
Shopping cart analysis task. Information table. Association rule. Support and
reliability of association rule. Types of association rules.

Topic 2.2. Binary association rules.

Search for binary association rules — general statement of the problem. Support
and reliability of the measure of association rules. Strong association rules. Other
measures of association rule evaluation. Frequent sets. Naive algorithm for finding
frequent sets. Basic algorithms for searching association rules. Apriori algorithm.
Monotonicity property of the support measure.

Topic 2.3. Multidimensional and multilevel association rules.

Dimensionality of the data under study. One-dimensional and multidimensional
association rules. Degree of abstraction of the data under study. Single-level and
multilevel association rules. Generation of candidate sets of frequent sets of different
dimensions. Varieties of the Apriori algorithm. The idea of the FP Growth algorithm.

Section 3. Search for typical sequences

Topic 3.1. Sequence templates.

Sequence pattern detection problem. Sequence expressions, sequence length and
size, maximum sequence. Finding frequent episodes in a sequence.

Topic 3.2. Investigation of typical sequences.

The basic GSP algorithm consists of the following steps: sorting, finding
frequent events, finding all frequent sequences and maximal sequences. Study of
typical sequences. Prefix Span algorithm. Application areas.

Section 4. Cluster analysis

Topic 4.1. Basic concepts of cluster analysis.



Data types in cluster analysis. Real binary data. Dependency measures. Cosine
dependence measure.

Topic 4.2. Special methods of cluster analysis.

Iterative and hierarchical methods of cluster analysis. Graphical representation
of clustering results. DBSCAN algorithm. Kohonen self-organizing maps and their use
in cluster analysis.

Section 5. Analysis of text documents and web pages

Topic 5.1. Analysis of text documents and web pages.

Text mining. Search for text documents based on a query and based on an
existing document. Classification of text documents. Grouping of text documents and
citation analysis on the web. Document search evaluation measures. TFM matrix. Text
sentiment analysis, problem statement. Methods based on rules and dictionaries.
Method based on graph-theoretical models. Quality assessment.

Topic 5.2. Analysis of web pages.
Web mining. Link ranking method PageRank. Statement of the problem of
ranking links. Algorithm PageRank based on the power method. Text stemming.



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE
Full-time form of higher education with the use of distance learning technologies (DLT)
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1 Introduction to Intelligent data 2 2
analysis
1.1 | Introduction to Intelligent data 2 2 Oral test
analysis
2 Methods for searching for 6 6
association rules
2.1 | Types of association rules 2 2 Individual tasks
2.2 | Binary association rules 2 2 Control work
2.3 | Multidimensional and multilevel 2 2 Report on the performance of
association rules laboratory task
3 | Search for typical sequences 4 4
3.1 | Sequence templates 2 2 Oral test, individual tasks
3.2 | Investigation of typical sequences 2 2 Test, report on the performance of
laboratory task
4 | Cluster analysis 4 4
4.1 | Basic concepts of cluster analysis 1 1 Individual tasks
4.2 | Special methods of cluster analysis 3 3 Control  work, report on the
performance of laboratory task
5 | Analysis of text documents and 4 4
web pages
5.1 | Analysis of text documents 2 2 Report on the performance of




laboratory task

5.2

Analysis of web pages

Test, individual tasks

TOTAL

10




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. AxumoB, A. W. VHTemneKkTyalbHBIM  aHaIM3  JAHHBIX JUIA
UMUTAIIMOHHOTO MOJICIHPOBAHUS MPOU3BOJCTBEHHBIX cucteM / A. U. Slkumos, E. A.
Sxumos, E. M. bopuuk ; M-Bo oOpa3oBanus Pecniyonuku benapycs, M-Bo Hayku u
BeIciiero oopazoBanust PO, MOY BO "benopyccko-Poccuiickuii yu-1". - Morures :
benopyccko-Poccniicknit yH-T, 2021. - 183 c.

3. ok, B. A. Jlormueckuii ananu3 AaHHBIX : ydeOHOe mocobme / B. A.
Hiwok. - Cankt-IletepOypr ; MockBa ; Kpacnomap : Jlaws, 2020. - 77 c.-
https://e.lanbook.com/book/126935

List of additional literature

1. Jlxeiimc, I'. BBenenue B craructuueckoe oOydeHUE ¢ MpUMEpaMu Ha
s3pike R. Ilep. ¢ anrn. C.O. Mactunkoro / I'. Hxetimc, [I. Yutron, T. Xactu, P.
Tubmmpanu. — M.: JIMK Ilpecc, 2016. — 450 c.

2. bysnbckasa, 10.B. BBeneHue B KOMIBIOTEPHBIM M HHTEJUICKTYAJIbHBIN
aHanu3 AaHHbBIX: MeToA. ykazanusa / HO.B. Bysnbckas, B.B. KazauenHox — MuHck:
bI'Y, 2016.—46 c.

3. CrenanoB, P.I'. Texnomormss DATA MINING: HaremnexkryanbHbIN
aHaan3 ganaelx / PJI. CremanoB — Kazanmp, W3garensctBo Kaszanckoro
rocynuBepcutera, 2008 — 58 c.

4, MycaeB, A.A. UHTennekTyanbHbld aHATN3 JaHHBIX: yueOHOe mocobue /
A.A. Mycaes. — CII6.: CII6I' TU(TYVY), 2018. — 176 c.

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

it 3aHaThIX. [Ipaktuueckuit kypc / B. Padanosuu — Mocksa: Jlutarent U-Tpetin,
2014. - 96 c.

6. [Terpynun, FO.IO MudopmarnmoHHbIE TEXHOJOTHU aHAIHM3a JIaHHBIX.
Data analysis. 13a.4 / 10.1O. Ilerpynun — M.: U3natensctBo MI'Y, 2023. — 296 c.
1. 3apoBa, E.B. Meroast Data mining B 00paOoTke U aHamu3e

craTucTuueckux AaHHbIX (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 aHanm3a 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.

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. Identification 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, tests, report on the performance of laboratory task, individual tasks,
oral test.

The form of interim certification in the discipline “Intelligent data analysis” in
accordance with the curriculum is end-of-term test.

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 — 20 %;

- performance of test — 20 %;

- performance of individual tasks — 20 %;

- report on the performance of laboratory task — 40 %.

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

Approximate list of laboratory classes

Class Ne 1. Introduction to Intelligent data analysis.

Class Ne 2. Types of association rules.

Class Ne 3. Binary association rules.

Class Ne 4. Multidimensional and multilevel association rules.
Class Ne 5. Sequence templates.

Class Ne 6. Investigation of typical sequences.

Class Ne 7. Basic concepts of cluster analysis.

Class Ne 8. Special methods of cluster analysis.

Class Ne 9. Analysis of text documents.
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Class Ne 10. Analysis of web pages.
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 end-of-term test

1.  Tasks and areas of application of Intelligent data analysis. The process of
knowledge discovery.

2. The difference between Intelligent data analysis and other methods of
data analysis.

3. Shopping cart analysis task. Information table. Association rule.

4, Support and reliability of association rule. Types of association rules.

5. Search for binary association rules — general statement of the problem.

6. Support and reliability of the measure of association rules. Strong
association rules. Other measures of association rule evaluation.

7. Frequent sets. Naive algorithm for finding frequent sets.

8. Basic algorithms for searching association rules. Apriori algorithm.

9. Monotonicity property of the support measure.

10. Dimensionality of the data under study. One-dimensional and
multidimensional association rules.

11. Degree of abstraction of the data under study. Single-level and multilevel
association rules.

12.  Generation of candidate sets of frequent sets of different dimensions.

13.  Varieties of the Apriori algorithm.

13



14.  The idea of the FP Growth algorithm.

15. Sequence pattern detection problem. Sequence expressions, sequence
length and size, maximum sequence. Finding frequent episodes in a sequence.

16. The basic GSP algorithm consists of the following steps: sorting, finding
frequent events, finding all frequent sequences and maximal sequences.

17.  Prefix Span algorithm.

18. Data types in cluster analysis. Real binary data.

19. Dependency measures in cluster analysis. Cosine dependence measure.

20. Iterative and hierarchical methods of cluster analysis. Graphical
representation of clustering results.

21. DBSCAN algorithm.

22.  Kohonen self-organizing maps and their use in cluster analysis.

23.  Text mining.

24.  Web mining.

14



IMPOTOKOJI COTJTACOBAHMS YYEBHOM ITPOI'PAMMEI YO

HazBanmue HazBanue [penmoxenus o6 Pemenue, npunsaToe
y4eOHO’ Kadepsl M3MCHCHUSX B Kadeznpoii,
JICTIATUIVHEIL, C cozlepkanuy yueGHOU | paspaboraBimeit
KOTOpOit IIPOTpPaMMEI YUeOHY0 IIporpamMmy
Tpebyetca YUpexJIeHNs BRICIIETO | (C yKafsaHHeM JIaThl 1
COIJIaCOBaHUE o0pa3oBaHus 11O HOMepa IIPOTOKOJIA)
yUIeOHOM TUCIHUILINHE I
Methods and Marematuyeckoro | M3menenuii He HpOT(jKOJI Ne 5 ot

algorithms of
machine learning

MOJICTTUPOBaHUS U
aHaJIM3a JaHHBIX

Tpebyercs

19.11:2024

Neural networks

MaremaTuueckoro

N3meneunii ue

IIpotokon Ne 5 ot

in machine MOJIETINPOBanusL U | Tpebyercs 19.11.2024

learning aHaju3a JaHHBIX

Methods for Teopun W3meHeHnuii e I[Tporokox Ne 5 ot

statistical BEPOSTHOCTEH U Tpedyercs 19.11.2024

analysis of MaTeMaTUIeCKOi |

complex data CTaTUCTUKHU |

Data mining Teopun N3MeHeHmit He IIporokon Ne 5 ot

methods BEpPOSTHOCTEN U Tpebyercs 19.11:2024
MaTreMaTHIecKol
CTATUCTUKH |

3aBemyromuii Kageapoit MaTeMaTHIeCcKOro
MOJETUPOBAHUS U aHAIN3A TaHHBIX,

JIOKTOP 3KOH. HAyK, JOIEHT

19 HO6ps1 2024 T.

3aBemyromuii Kaenpoii Teopun
BEPOATHOCTEU I MATEMATUUYECKOU CTATUCTUKH,

IOKTOp (hu3.-Mat. HayK, Ipodeccop

19 Hos16ps 2024 T.
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JOHNOJIHEHUA U H3MEHEHM K Y‘IEEHOFI IMPOI'PAMME I1O
N3YYAEMOMU YUYEBHOMU JUCIHIUIIJIMHE
Ha / y4eOHBIN TOJ

No JlonoaHeHHS ¥ U3MEHCHUS OcHoBaHue
/o

VYyebHas nporpamMmma nepecMoTpeHa U 0100peHa Ha 3aceaHuu Kadeapsl
(mpoTokoa Ne oT 202 _1.)

3aBenytomuii kadenpoit

YTBEPXIAIO
Jlexan ¢akynbrera
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