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HOACHUTEJIBHASA 3AITMCKA

esn 1 3212491 y4eOHOM TUCHUIIMHBI

Hea» yueOnoit mumcuummumanel  «Multivariate  Statistical — Analysisy  —
O3HAKOMJICHUE  CTYACHTOB  yriyOieHHOM  ¢opMbl  BBICHIETO  0Opa3oBaHUs
(MarucTpaHToB) C OCHOBHBIMH BEPOATHOCTHBIMH MOJENSMH, METOJaMU U
QITOPUTMAMH CTaTUCTUYECKOTO HMCCJEAOBAHMS JTAHHBIX, UMEIOIIUX MHOTOMEPHYIO
CTPYKTYDPY.

[Ipu w3nokeHWW y4eOHOW JWCHMIUIMHBI BaXHO YACIWTH BHUMaHUE
KOMIBIOTEPHOW peaau3aliiu OCHOBHBIX METOJIOB U3y4aeMOIl TEOPUH.

B pamkax mnocTaBieHHOW Ieau 3aJa4d Y4eOHOW JAUCHHUILUIMHBI COCTOSIT B
CJIEIYIOLIEM:

1. V3yyeHue TEOPETUUYECKUX OCHOB — MAaTEMaTHYECKHX MOJEIEH U METOJIOB
CTATUCTUYECKOTO aHaJu3a JaHHBIX MHOTOMEPHOU CTPYKTYPHI;

2. ®opMHUpOBaHUE TNPAKTUUYECKUX HABBIKOB pEIICHUS NPUKIAJHBIX 3a]a4
aHaJn3a MHOTOMEPHBIX JAHHBIX C HCHOJB30BAHHEM CBOOOJHO JIOCTYITHOTO
COBPEMEHHOT'0 MPOTPAMMHOI0 00ecreueHus B 00JaCTH CTATUCTUYECKOTO aHaJK3a.

MecTo y4yeOHOWl IUCHMIIMHBI B CHUCTEME IMOJATOTOBKUA CHEHHUAINACTA C
BBICIIIUM OOpa3oBaHuEM (MarucTpa).

VYyeOHast AUCIUIUIMHA OTHOCUTCS K TOCYJAapCTBEHHOMY KOMIIOHEHTY U BXOJIUT
B Moyiib «Methods and computer tools of applied mathematicsy.

OcHoBori s m3ydyenus gucrmiuaabl «Multivariate Statistical Analysis»
SBIIICTCS JIUCHMIUIMHA 0OIIero Beicmiero ooOpaszoBanus «Probability Theory and
Mathematical  Statistics» (mmu  «Higher  Mathematicsy ¢ BKIIOYeHHEM
COOTBETCTBYIOIIUX  pa3aenoB). Kpome Toro, 51abopaTopHbId  IPAKTUKYM
npeamnonaraeT — JgonojHeHwe — aucnuiumHo  «Data  Analysis  Softwarey,
npernonaBaeMoii mapamwiensHo. Jucnmmmaa «Multivariate Statistical Analysisy
CIOCOOCTBYET yCIEIIHOMY ocBoeHuto auciuminibl «Mathematical and Computer
Forecasting» (TOT e MOIyjb), a pe3yibTaThl €€ H3YYeHHUS HCIOJb3YIOTCSA MPH
MPOXOXKIECHUU MPAKTUKHA U HAITUCAHUUA MaruCTEPCKUX AUCCEPTALUU.

TpeOoBaHus K KOMIIETEHIIUAM

OcBoenne yuebHom aucuumanael «Multivariate Statistical Analysis» momxHO
obecrieuuTh (HOPMUPOBAHUE CIAEAYIOMNX KOMITETCHITUINA:

yuueepcansusie komnerennuu (UC):

UC. To solve scientific and innovative problems on the base of information
and communication technologies basis;

yueono-npouszeoocmeennsle xomnereniyu (UPC):

UPC. On the basis of typical models, to construct and analyze complex models
that are adequate to the underlying applied problem;

UPC. To solve applied problems of multivariate data analysis by existing free
software for statistical analysis.

B pesynbrate ocBoeHUs yu4eOHON TUCIUIIITMHBI CTYJICHT JTOJDKEH:

3HATH:

— OCHOBHBIE BEpPOSITHOCTHBIE MOJENH, MPUMEHSEMbIE HJISI CTATUCTUYECKOTO

aHaJM3a MHOTOMEPHBIX JIaHHBIX;



— CTaTHCTUYECKHE METObI aHAJIN3a MHOTOMEPHBIX JIAHHBIX;

— TpaBWia NPUMEHEHHUS METOJIOB CTAaTUCTHUYECKOTO aHAIM3a MHOTOMEPHBIX
JIAaHHBIX, UX CBOMCTBA;

YMETh!

— ToadupaTh MOIXOAIIYI0 MOJEIh JJIs PEIMICHUs KOHKPETHOW 3aj1adu
CTaTHCTUYECKOTO aHAIM3a MHOTOMEPHBIX JAHHBIX ;

— HCCJENOBaTh MOTEHIUAIBbHYIO 3(PGEKTHUBHOCTh MPUMEHEHUS KOHKPETHOTO
CTaTUCTUYECKOTO METoAa ISl PEIICHUS 3aJaud aHajiu3a MHOTOMEPHBIX
JIAHHBIX

HMETh HABBIK.

— TOCTPOEHUS OCHOBHBIX MOJEJEN CTATUCTHUYECKOrO aHAIN3a MHOTOMEPHBIX

JIAaHHBIX;
— BbIOOpa U 000CHOBaHUS MOJIEU IIPU PEIICHUN KOHKPETHOU 3a7a4H,;
— KOMITBIOTEPHOM peain3aiii OCHOBHBIX METOJIOB PEIICHUS 3a/1ay.

CtpykTypa yueOHOH AU CIUTIIHHBI

JlucuunnuHa wu3ydaeTcss B MEpPBOM ceMecTpe. B cooTBeTcTBUM ¢ yueOHBIM
IUIAHOM BCEro Ha wm3y4yeHue ydeOHoW mumcuurumnbel «Multivariate Statistical
Analysis» otBeneHo ans o4HON (oOpMBI TOMy4YeHHS BbICIIEro obOpaszoBanus — 106
gacoB, B ToM umciae S0 aynuTOpHBIX dYacoB, W3 HuX: Jekiuuu — 20 yacos,
nabopaTtophsle 3aHaTHsS — 20 9acoB, ceMHUHApPCKHE 3aHATHS — 10 9acoB.

TpynoeMkocTh y4eOHOM TUCIUTUIMHBI COCTABIAET 3 3a4€THBIC SIUHUIIBI.

dopma IpOMEeKyTOUHOM aTTeCTAIH — SK3aMEH.



EXPLANATORY NOTE

Aim and tasks of the discipline

Aim of the discipline «Multivariate statistical analysis» — familiarization of
advanced students of higher education (master's students) with the basic probabilistic
models, methods and algorithms of statistical analysis of data with a multidimensional
structure.

It is important to pay attention to the computer implementation of the main
methods of the studied theory when presenting the academic discipline.

Tasks of the discipline:

1) study of theoretical foundations - mathematical models and methods of
statistical analysis of data of multidimensional structure;

2) formation of practical skills in solving applied problems in the analysis of
multidimensional data using freely available modern software in the field of
statistical analysis.

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

The academic discipline is part of the module « Methods and computer tools of
applied mathematics » of state component.

The basis for studying the discipline "Multivariate Statistical Analysis” is the
discipline of general higher education "Probability Theory and Mathematical
Statistics” (or "Higher Mathematics™ with the inclusion of relevant sections). In
addition, the laboratory practical training involves supplementing the discipline "Data
Analysis Software"”, taught in parallel. The discipline "Multivariate Statistical
Analysis" contributes to the successful mastering of the discipline "Mathematical and
Computer Forecasting" (the same module), and the results of its study are used during
practical training and writing master's theses.

Requirements for competences

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

universal competences (UC):

UC. To solve scientific and innovative problems on the base of information
and communication technologies basis;

educational and production competences (UPC):

UPC. On the basis of typical models, to construct and analyze complex models
that are adequate to the underlying applied problem;

UPC. To solve applied problems of multivariate data analysis by existing free
software for statistical analysis.

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

know:

— basic probabilistic models used for statistical analysis of multidimensional
data;
— statistical methods of analysis of multidimensional data;
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— rules for applying methods of statistical analysis of multidimensional data,
their properties;
be able to:
— constructing basic models of statistical analysis of multidimensional data;
— investigate the potential effectiveness of using a specific statistical method for
solving a problem of multidimensional data analysis;
have skills in:
— working with basic data analysis methods in a software environment;
— selecting and justifying a model when solving a specific problem;
— computer implementation of basic methods for solving problems;
Structure of the academic discipline
The discipline is studied in the 1 semester. In total for the study of the
discipline «Multivariate statistical analysis» is allocated for full-time higher
education — 106 hours, including 50 in-class hours, of them: lectures — 20 gacos,
laboratory classes — 20 hours, seminar classes — 10 hours.
The labour intensity of the discipline is 3 credit units.
Form of certification — exam.



CONTENT OF THE STUDY MATERIAL

Section 1. Basic concepts and definitions in multivariate statistical analysis

Topic 1.1. Multivariate analysis specific features.

Introduction. Problem examples to show principal differences from the
univariate data analysis.

Topic 1.2. Main terms.

Main terms and definitions, characteristics explained.

Section 2. Multivariate normal probability distribution and its properties

Topic 2.1. Definitions and fundamental properties.

Multivariate normal probability distribution, its characteristics. Conditional
probability distributions. Linear transforms of Gaussian random vectors.

Topic 2.2. Regression function.

Regression function, its optimal properties. Partial and multiple correlation
coefficients.

Topic 2.3. Statistical estimation of parameters.

Multivariate normal probability distribution parameters estimation. Wishart
probability distribution.

Section 3. Principal components analysis

Topic 3.1. Principal components construction.

Principal components method. Construction, properties, geometric setting.

Topic 3.2. Sample principal components.

Principal components for z-scores. Sample principal components. Confidence
interval derivation.

Topic 3.3. Approximation.

Results graphing. Approximation using principal components. Relation to the
orthogonal regression.

Section 4. Factor analysis

Topic 4.1. Orthogonal model.

Factor analysis. Orthogonal model. Covariance analysis. Multiple solution for
factor loadings.

Topic 4.2. Factor deriving methods.

Principal component method use for the factor analysis. Maximum likelihood
method use for factor analysis.

Topic 4.3. Factor rotation.

Factor analysis — rotation of factors.

Section 5. Discriminant and cluster analysis
Topic 5.1. Decision rules and their construction.



Discriminant analysis. Expected misclassification costs. Decision rule
construction. Total misclassification probability minimization. Observations
classification for the normal probability distribution (common covariance matrix
case). Fisher discriminant function.

Topic 5.2. Cluster analysis methods.

Cluster analysis. Difference matrix. K means clusterization. Partition around
medoids (PAM-algorithm).

Topic 5.3. Graphical interpretation.

Cluster analysis results graphing.



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

] In-class hours x
5 % S
5 A > -
w g Title of section, topic 5 1l £33 B3| 2 3 Form of control
o = S s | EZ| o3| =B 5
) @ 2 oG 95 O s
= - g | L <
= S = 2
kY =
Basic concepts and definitions in
1 o c : 4 2 4
multivariate statistical analysis
11 Multivariate analysis specific 5 2 Random interview
features
1.2 | Main terms 2 2 2 Seminar talk with a discussion
5 Multivariate normal probability 4 2 4
distribution and its properties
21 Def|n|t|_ons and fundamental 1 1 Random interview
properties
2.2 | Regression function 1 1 Written report on the in-class labs
2.3 | Statistical estimation of parameters 2 2 2 T.ESt Nq 1, seminar talk with a
discussion
3 | Principal components analysis 4 2 4
3.1 | Principal components construction 2 2 2 Seminar talk with a discussion
3.2 | Sample principal components 1 1 Random interview
3.3 | Approximation 1 1 Test No 2
4. | Factor analysis 4 2 4
4.1 | Orthogonal model 2 2 2 Seminar talk with a discussion
4.2 | Factor deriving methods 1 1 Test No 3
4.3 | Factor rotation 1 1 Team play for creative solution




of open-type tasks

5 | Discriminant and cluster analysis 4 2 4
5.1 | Decision rules and their construction 1 1 Random interview
5.2 | Cluster analysis methods 2 2 2 Seminar talk with a discussion
5.3 | Graphical interpretation 1 1 Test No 4
TOTAL 20 10 20
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INFORMATION AND METHODOLOGICAL PART
List of basic literature

1. ComnHukoBa, JI.A. MHOroMepHbIA CTaTUCTUYECKUN aHaIu3. [IpakTUKyM:
yue0. mocobue IS CTyA. YUYpexJAeHUl BhIci. oOpa3oBaHus 1o crel. "CratucTuka',
"Byxrairepckuii yder, aHanu3 W ayaut', "®unHaHchl W kpeaut", "HaumonanpHas
skoHomuKka", "['ocymapcTBenHoe ymnpasienne u dkoHomuka" / JI. A. ComHukoBa,
E.E. lllapunoga. - Munck: bI'DY, 2024. - 230 c.

2. bype, B.M. Metonsl npuknagHoi cratuctukd B R u Excel: yuebnoe
nmocoOue s CTyI. BY30B, 00yd4. mo HampaBieHusMm "llpuknamnas mMareMaTtuka u
unpopmatuka", "OyHnameHTanbHas ~ HHPOpMATHKA W HWH(OPMAIMOHHBIC

TEXHOJOTMHU'", a Takke JAPYyruM MaTEeMaTHUYEeCKUM U €CTECTBEHHO-HAYYHBIM
HaIpaBJICHUSAM M CIHEIl. B 00JacTH TeXHHKH W TexHojorwii / B. M. bype, E. M.
[Mapwmna, A. A. CemakoB. - W3n. 5-e, crep. - Cankt-IletepOypr; Mocksa;
Kpacuonap: Jlanb, 2024. - 148 c. - URL.: https://e.lanbook.com/book/319424.

3. Konnesass, H.A. MHoOromMepHslii  CTaTUCTUYECKUN  aHaIu3 B
PKOHOMHMYECKHX 3amadax. KommberoTepHoe MojaenupoBanue B SPSS: ydeOHoe
nocoOue g CTYACHTOB BBICHIMX YYE€OHBIX 3aBEACHUM, OOYy4alolmuxcs II0
skoHOoMHYeckuM creruanbHocTaM / H. A. Konmesas, W.B. OpnoBa. - Mocksa:
By3oBckuii  yueOonuk: <~ MHOPA-M, 2024. - 309 c - URL:
https://znanium.com/catalog/product/1850713.

List of additional literature

1. Johnson R.A. Applied multivariate statistical analysis / R.A. Johnson,
D.W. Wichern. — New York: Pearson. — 2017. — 800 p.

2. Everitt B. An introduction to applied multivariate analysis with R / B.
Everitt, T. Hothorn. — New York: Springer. — 2018. — 274 p.

3. Hastie T. The elements of statistical learning / T. Hastie, R. Tibshirani,
J. Friedman. — New York : Springer. — 2008. — 758 p.

4, Xapun, A. Cratuctuaeckoe moaeiaupopanue / A. Xapus, K. Kpoyxke, I11.
BaH AnibcT, [1. ®unbimosep, M. Xpro0epT — Munck: BI'Y, 2017 — 151 c.
S. Xapun [0.C. Marematnueckue H  KOMIBIOTEPHBIE  OCHOBBI

CTaTUCTUYECKOTO MojenupoBanuss W a”anu3a ganHeix / FO.C. Xapun, B.U.
Mamntorun, M.C. AbpamoBuy. — Munck : BI'Y. — 2008. — 455 c.

6. Xapun 10.C. Dxonomerpudeckoe moaenupoanue / FO.C. Xapun, B.1.
Mastorusn, A.}O. Xapun. — Munck : BI'Y. —2004. — 313 c.

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.
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The following means of current certification can be used to diagnose competences:
test; report on the performance of laboratory task, individual tasks, random interview.

The form of interim certification in the discipline “Multivariate statistical
analysis” 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 test control work — 60 %;

- reports at the seminar — 25 %;

- random interview — 15 %.

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 laboratory classes

Seminar No 1. Regression analysis.

Seminar No 2. Principal component analysis.
Seminar No 3. Factor analysis.

Seminar No 4. Discriminant analysis.
Seminar No 5. Cluster analysis.

Approximate list of laboratory classes

Class No 1. Multivariate normal probability distribution.

Class No 2. Properties of the multivariate normal probability distribution.
Class No 3. Regression analysis.

Class No 4. Principal components method.

Class No 5. Factor analysis. Orthogonal model.

Class No 6. Defining number of factors in the model.

Class No 7. Factor rotation.

Class No 8. Discriminant analysis.

Class No 9. Cluster analysis.

Class No 10. Graphing of cluster analysis results.
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Approximate list of test topics

Test No 1. Multivariate normal probability distribution.
Test No 2. Principal component analysis.

Test No 3. Factor analysis.

Test No 4. Discriminant and cluster analysis.

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.

When organizing the educational process, the group learning method is used,
which is a form of organizing the educational and cognitive activities of students,
which involves the functioning of different types of small groups working on both
general and specific educational tasks.

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. Sample characteristics (typical statistics), their interpretation.

2. Multivariate normal probability distribution, its characteristics —
functional and numerical.

3. Linear transformations of Gaussian (normal) random vectors. Marginal
probability distributions.

4, Regression function. Conditional (partial) covariance matrix; partial
variance; partial correlation coefficient. Optimal properties of the regression function.
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5. Multiple correlation coefficient and its properties.

6. Statistical estimation of parameters for multivariate normal probability
distribution.

7. Principal components analysis. Construction, properties.

8. Principal components analysis. Geometric interpretation.

9. Principal components for z-scores.

10.  Sample principal components.

11.  Confidence intervals construction in the principal components analysis.

12.  Graphical representation of results in the principal components analysis.
Approximation using principal components.

13. Relation of the principal components analysis to the orthogonal
regression.

14.  Factor analysis. Orthogonal model.

15.  Covariance structure analysis for the factor model. Variability of factor
loadings.

16.  Use of principal components analysis in the factor analysis.

17.  Use of maximal likelihood method in the factor analysis.

18.  Factor analysis — factors rotation.

19.  Discriminant analysis. Expected misclassification cost. Decision rule
construction.

20.  Discriminant analysis — total misclassification probability minimization.
Observations classification for the normal distribution (case of common covariance
matrix).

21.  Fisher’s discriminant function.

22.  Cluster analysis. Matrix of differences. K means clusterization.

23.  Partitioning around medoids (PAM-algorithm).

24.  Graphing of cluster analysis results.

25.  Hierarchical clusterization. Agglomerative nesting, partitioning analysis.

26.  Graphing the hierarchical clusterization results — dendrogram, banner
plot.
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IIPOTOKOJI COI'JIACOBAHHUS YYEBHOI IIPOI%PAMMI)I YO

Haspanue Ha3zpanue IIpennoxenna o6 Pemerine, IpuHATOE
y4eOHOl Kadeaps! U3MCHEHUAX B Ka(peﬂ‘i)oﬁ,
JVICIUTUIAHEIL, © cofiep)KaHuy yueOHOM | paspaforaBuieit
KOTOpOit HPOTPaMMBI y4eGHYI0 IporpamMmy
Tpedyercs VUPEKIEHAS BEICIIETO | (¢ yKasaHMeM JaThl 1
COIJIaCOBaHUE o0pa3oBaHu 110 HOMepéa IIPOTOKOJIA)
yueOHOM UCIUIITIHE

Mathematical Maremarnaeckoro | Msmenenuii ne TIpotokon Ne 12 ot
‘and computer MOJenupoBanus U | Tpedyercs 21.05.2024
forecasting aHAJIN3a JaHHBIX
Data analysis Teopuu Usmenenuii ve HpOT(SKon Ne 12 ot
software BEPOSATHOCTEH 1 Tpebyercs 21.05.2024

MaTeMaTHUEeCKOM

CTaTUCTUKH
Visualization Teopun Usmenenuii ne IIporokon Ne 12 ot
methods in data | BepogaTHocTeH 1 Tpebyercs 21.05,2024
analysis by R MaTeMaTHYeCcKOi

CTATUCTHKH |
Mathematical Teopuu W3menennii ge ITpotoxon Ne 12 ot
models and BeposITHOCTE! U TpeOyeTcs . 21.05.2024
methods for MaTeMaTHUECKOU
computer vision | CTaTUCTHKHU

3aBemyromuii Kadeapoil MaTeMaTHIeCcKOro

MOIACIMPOBaHUA U aHalln3a JaHHbIX,

JOKTOPD OKOH. HaYK, JOII€HT

21 mag 2024 1.

3aBemyromuii kadenpoit Teopun
BEPOSATHOCTEH U MATEMATHICCKON CTATUCTHKH,

IIOKTOP (h13.-Mat. HayK, Ipodeccop

21 mag 2024 r.
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JOMNOJIHEHUA U I/I3MF1HEHI/I$[ 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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