IIpunoxenue 4

MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE RUSSIAN FEDERATION

Federal State Autonomous Educational Institution of Higher Education
«National Research Lobachevsky State University of Nizhny Novgorod»

VIHCTUTYT MH(POPMAaLMOHHBIX TeXHOJIOTHH, MaTeMaTUKH U MeXaHHKU

YTBEPXIEHO

peuieHvem Y4yeHoro cosera HHI'Y

ripotokos Ne 10 ot 02.12.2024 1.

Working programme of the discipline

Machine learning

Higher education level

Bachelor degree

Area of study / speciality

02.03.02 - Fundamental Informatics and Information Technology

Focus /specialization of the study programme

General Profile

Mode of study

full-time

Nizhny Novgorod

Year of commencement of studies 2025



1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOuctunmba B1.B.07 MammHHOe o6yueHre OTHOCUTCS K 4aCTH, POPMUPYeMOM y4aCTHUKaMHU
oOpa3oBaTe/TbHBIX OTHOIIEHUH 0Opa30BaTe/TbHOM MTPOTrPaMMBbI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

®dopmupyemsbie IInaHupyemMble pe3y/abTaThl 00yUeHNs 10 JUCIUIIHHE

CO0TBETCTBUH C

HaumMeHOBaHHeE OL|eHOYHOT'0 CPeJCTBa

KOMIIeTeHI[UH
(xof, copmep>kaHue

(Mopymo), B

HHAUKATOPpOM

JAOCTH)XKEeHHUA KOMIIeTeHIL{UH

KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA MPOMEe)XyTOUHOMH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
ITIK-4: Cnocobex IIK-4.1: 3Haem munosble IIK-4.1: 3adauu
npoekmuposamb peweHust, bubauomexu 3Hamb: munoeble peuwieHus, Tecm 3quém:
npoepammHoe npo2pammHbIx Modyseli, 6ubAUOMeEKU NPO2PAMMHDIX K
6 OHMPO/IbHblE
obecneueHue

waboMbl, K1accbl 06vekmos,
ucnonb3yemble npu
paspabomke Npo2pamMmMHO20

MoOynell, wabnoHbl, KAACChl
065eKkmo8, ucnonb3yemble npu

paspabomke Npo2pamMmHO20

obecneyeHust obecneyeHust.
TIK-4.2: 3Haem memoOb! u
cpedcmea npoeKmuposaHus
P P P [1K-4.2:
Npo2pammHo20 obecneueHus

3Hamb:

IIK-4.3: 3Haem memoob! u

cpedcmea npoekmuposaHust

MemoOdbl U cpedcmea

npoeKkmupo8aHus NnpoepammHO20

6a3 0aHHbIX
obecneueHust.
IIK-4.4: Ymeem
UCNo/Mb306aMb
cyuwjecmeyroujue munoeble TTK-4.3:
3Hamb:

pewieHust u wabaoHbL
npoeKmupoeaHus
npo2pammHo20 obecneueHus
IIK-4.5: Ymeem npumeHsimb
Memoobl U cpedcmea
NpoeKmuposaHust
npoepammHozo obecneueHus,
cmpykmyp OaHHbix, 6a3

OaHHbIX

MemoObl U cpedcmea

npoekmupogaHus 6a3z OaHHbIX.

IIK-4.4:

Ymemb:

ucnonb3o8amsp cyujecmayoujue
munoeble peweHus U WwabaoHbl
NpoeKmMupo8aHusi NPo2PaAMMHO20

obecneueHus..

IIK-4.5:

Ymemb:

npumeHsimb Memoobl U
cpedcmea npoeKmupoeaHus
npo2pammHo20 obecneueHus,

cmpyKmyp OaHHbIX, 6a3 OQHHbIX.

80NpoChbl




3. CTpyKTypa U cojep)KaHHe AUCIUIIAHbI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

OYHas
O011as TPy/J0EMKOCTBD, 3.€e. 3
Yacos o yuedGHOMY I/IaHY 108
B TOM UHCIIe
ay/JUTOpPHBIE 3aHATHSA (KOHTaKTHas1 padoTa):
- 3aHATHS JIEKIIHOHHOT'0 THIIA 16
- 3aHATHS CEMHHAPCKOro THNa (MpaKTHYecKue 3aHATHs / 1aGopaTopHbIie PaGoTh) 16
- KCP 1
caMocTosTe/IbHasA padoTa 75
ITpomexyTouHas arrecTanusa 0
3auéTt

3.2. CozepkaHue JUCLUIIIVHbI

(cmpykmypupogsaHHoe no memam (pasdenam) C yKazaHueM OmMEeOeHHO20 HA HUX Ko/audecmed

aKkaoeMuuecKux uacos u 8uobl yueOHbIX 3aHsimuii)

HavmeHoBaHMe pa3[ie/sioB ¥ TeM JUCLAIUIMHBI Bcero B TOM UHC/Ie
(acen) KonTakTHas pabora (pabota Bo
B3alMO/IeICTBUY C IIperio/jaBaTesnem),
Yackl U3 HUX
aHSITHS CamocrosTenpHas
CeMHUHapCKOro paGora
3aHATUA THNA o6yuarowerocs,
JIEKIIMOHHOTO | (TIpakThueckde | Bcero Hachbl
THUMa 3aHsATHs/nabopa
TOpHbIE
paboThI), Yacsl

0 0 0 0 0

¢ ¢ ¢ o) i)

0 0 0 0 0
Setting machine learning problems 35 5 5 10 25
Tutored training 35 5 5 10 25
Unsupervised learning 37 6 6 12 25
ArtTtecTauus 0
KCP 1 1
Wroro 108 16 16 33 75

Contents of sections and topics of the discipline

Machine learning problems. Features. Supervised and unsupervised learning. Decision function (decision rule).

The generalizing ability of the decision function (the problem of the quality of learning). Classification,

regression, clustering. Examples of practical tasks.

Probabilistic formulation of the machine learning problem. The principle of minimizing empirical risk. Bayesian

decision theory. The principle of maximum posterior probability. Regression function. Bayesian




classifier.method.

Experimental methods for assessing the quality of education. Separation of data into training and test samples.
Cross-validation.

Least squares method. Maximum likelihood method. Linear regression model. System of normal equations.
The problem of overfitting when solving the regression problem. Methods to combat overfitting: reduction in
the number of parameters, regularization (ridge regression), lasso. Nearest neighbors method. Risk estimation
theorem. Naive Bayesian classifier. Linear Discriminant Analysis. Quadratic discriminant analysis. Logistic
regression. Neural networks. Stochastic Gradient Descent. Backpropagation. gularization. Dropout. The concept
of deep neural networks. Support Vector Machine. Kernel trick. Decision trees. CART method (classification
and regression trees) for solving classification problems and regression reconstruction. Methods for handling
missing values. Ensembles of decision rules (classifiers). Boosting. AdaBoost algorithm. Boosting and additive
models. Gradient boosting.Gradient Boosting Trees. Bagging. Random trests. Unsupervised learning.
Clustering. K-means, k-,edoids, Expectation. Maximization. DBSCAN Hierarchical clustering. Agglomerative
and separating methods. Foundations of the Vapnik — Chervonenkis theory. Bernstein's lemma. A theorem on
the uniform convergence of empirical risk to the expected risk in the case of a finite class of decision rules.
Substantiation of the principle of minimizing empirical risk. Vapnik — Chervonenkis dimension. Sauer's lemma.
A theorem on the uniform convergence of empirical risk to expected risk in the case of finite Vapnik —
Chervonenkis dimension. The principle of structural risk minimization.

4. YueOHO-MeToAMYeCKOe ofecrieyeHre CaMOCTOSITe/TbHOW Pad0ThI 00yJaroUXCsl

CamocrosiTenibHasi paboTa 00yuarOL[UXCs BK/IOUaeT B CeDOsi MOATOTOBKY K KOHTPOJIHBIM BOITPOCAM U
3a[jaHUsIM JIJIsl TeKYIero KOHTPOJIsi U TIPOMEXYTOUHOW aTTeCTallud 0 WUTOraM OCBOEHUS JUCLIATIIUHEI
NpUBeJIeHHBbIM B I1. 5.

Electronic resources are recommended for preparing for practical exercises, independent work and
intermediate
certification http://www.uic.unn.ru/~zny/ml/

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
I1K-4:

1. A training sample is given
x1 0211124446
x2 4435410211
y 0000011111

Using linear discriminant analysis, construct a discriminant function for each class and write down
the equation of the separating surface.



2. A training sample is given (see the table above). To construct discriminant functions using
the method of quadratic discriminant analysis.

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria

The problem has been solved completely, or the main part of the problem has been solved, or the

pass problem has been solved with shortcomings

fail ~ The problem has not been solved or the first stage of solving the problem has been completed

5.1.2 Model assignments (assessment tool - Test) to assess the development of the competency
I1K-4:

1. Which of the following tasks is the task of learning without a teacher?
a. regression reconstruction

b. Classification

c. clusterization

2. Which of the following tasks is the task of learning with a teacher?

a. Classification

b. clusterization

c. restoration of the distribution function

Assessment criteria (assessment tool — Test)

Grade Assessment criteria

pass 51-100%

fail 0-50%

5.2. Description of scales for assessing learning outcomes in the discipline during interim
certification

IlTkana oneHUBaHUs C()OPMHUPOBAHHOCTH KOMIIeTeHLINH



YpoBen
b
chopmu Hey/I0BJIETBOP | Y/AOBJIETBO 04YeHb
IJI0X0 X0POIIo OT/IMYHO TIPEBOCX0/{HO
POBaHH HUTe/ILHO PHTe/ILHO XOpO11I0
oCTH
KOMIIET
eHIMH
(uHpUK
aropa
AOCTHXK He 3aUTeHO 3a4TeHO
eHust
KOMITET
eHIHii)
YpoBeHb
OtcyTcTBUE YpoBeHb POBe
o N 3HaHWH B
3HAHUU MuHuManeH | 3HaHUU B oGBeMe YpoBeHb
TeOPeTHUUeCKOTro o obneme, i 3HaHWM B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuaa. N [IOMyCTUMBI | COOTBETCTBY obbeme, o
3HAHWH HIDKe 9 I0IL[eM 3HaHWH B
HeBO3MO>KHOCTb i ypoBeHb I0IL[EM COOTBETCTB
MHMHHUMa/bHBIX " rporpaMme obneme,
3HaHUS | OLEHUTH MOJIHOTY " 3HaHWH. nporpamMme yIOIeM
N TpeboBaHMH. TIOATOTOBKH TIPEBBIILAOILE
3HaHUH TonyieHo MO/IrOTOBKH rporpamme
Vmenu mMecTo . DomyirieHo M TMPOrpamMmy
BCJIE[ICTBHE MHOT'0 . Jony1ieHo TIO/IrOTOBK
rpy0Oble omMOKH HeCKOJIbKO TO/ITOTOBKH.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HeCylILecTBe
obyuaroiierocs ot OIIM60K HerpyobIx HHEX HeT.
OTBeTa OIrb0K
oLIO0K
IIponemoHc
TPHPOBAaHBI
IIpogemoHc PHp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPUPOBaHbI | BCe
BCE YMeHWUsI. ITpozieMoHCTp
OCHOBHBbIE OCHOBHbIE
OrcyTtcTBHE OCHOBHBIE Peltens! MPOBaHbI BCe
ITpu peLieHNM YMeHUsl. yMeHUsl.
MHHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIe
N CTaH/APTHBIX PerieHsl PeliieHb! Bce
YMeHHH. PeliieHbl Bce | OCHOBHBIE yMeHUSI.
3aad He THITOBbIE OCHOBHbIE
HeBo3Mo>xHOCTB OCHOBHbBIE 3a/lauu C Periens! Bce
TIPOZIEMOHCTPUD | 3aJauu C 3a7iaum C
OLIEHUTDb Ha/THyye 3ajiaunl. OTZIeNbHBIM | OCHOBHBIE
Ywmenus N OBaHbI HerpyObIMU | HerpyObIMU
yYMeHHH BbITo/IHEHBI | U 3a7iaunl.
OCHOBHbIE ommbKamMu. | OLIMOKamu.
BCJ/IE[ICTBHE BCe 33JlaHMs1 | HecyllecTB | BrlnosHeHsl
ymeHus1. Umenu | BeinosnHeHsl | BbimonHeHsl
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo rpy0Obie BCE BCe 3a/laHust
obyuatoiierocs ot obbeMe, HO | HejOUeTaM | IIOJHOM
OLINOKM 3afaHus, HO | B IIOJTHOM
oTBeTa HEKOTOpbIe u, oObeme Ge3
He B 06beme, HO
d BBITIOJIHEH HeJl0UeToB
TIO/THOM HEeKOTOpble
HeJloueTaMH | bl BCe
obbeme o
3a/laHyis B
HeJZloueTaMu
TI0JTHOM
obbeme
Nwmeetcsa
OTtcyTcTBUE IIpomemoHc [Ipomemonc
MHUHUMaJbH IIpogemoHc
6a30BbIX [Tpu peLeHNM o TPUPOBaHBI TPHPOBAaHBI
bl Habop TPUPOBAHBI ITposeMoHCTp
HAaBBIKOB. CTaH/APTHBIX 6a3oBble HaBBIKK
HaBLIKOB 6a3oBbie HpOBaH
HeB03MO>KHOCTB 3ajiay He HaBBIKH TIpU TIpx N
ISt HAaBBIKH TIpY TBOPYECKHI
OLIeHUTb Ha/jMure | TPOJEeMOHCTPUD peleHnn peleHnn
Hagbiku pelLeHust peleHnH MOZIXO/, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZIapTHBI HecTaHjapT
CTaHZAPTHBI CTaHJapTHBI PEILLEeHHI0
BCJIEJICTBHE HaBbIKH. VIMenn X 3a/jau ¢ HBIX 3ajiau
X 33/ja4 C X 33734 6e3 HeCTaH/apTHbI
OTKasza MecTo rpy6bie HEKOTOPbIM 6e3
HEKOTOPbIM ommboK u X 3a/1a4u
o0yuaroierocst OT | OmUOKU u o1mboK u
u HeZloueToB
OTBeTa HeJ[0YeTaMHu He/[0YeTOB
HeJloueTaMu
Scale of assessment for interim certification
Grade Assessment criteria
pass All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the

relevant competencies have been demonstrated at a level higher than the one set out in the
programme.




excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",

very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",

good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",

satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.

unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

fail

poor At least one competency has been developed at the "poor” level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Control questions) to assess the development of the
competency [1K-4

1. Machine learning problems. Features. Supervised and unsupervised learning. Decision function (decision
rule). The generalizing ability of the decision function (the problem of the quality of learning). Classification,
regression, clustering.

2. Probabilistic formulation of the machine learning problem. The principle of minimizing empirical risk.
Bayesian decision theory. The principle of maximum posterior probability. Regression function. Bayesian

classifier.method.

3. Experimental methods for assessing the quality of education. Separation of data into training and test
samples. Cross-validation.

4. Least squares method. Maximum likelihood method. Linear regression model. System of normal equations.

5. The problem of overfitting when solving the regression problem. Methods to combat overfitting: reduction in
the number of parameters, regularization (ridge regression), lasso.

6. Nearest neighbors method. Risk estimation theorem.
7. Naive Bayesian classifier.
8. Linear Discriminant Analysis. Quadratic discriminant analysis.

9. Logistic regression. Neural networks. Stochastic Gradient Descent. Backpropagation. Regularization.
Dropout. The concept of deep neural networks.

10. Support Vector Machine. Kernel trick.



11. Decision trees. CART method (classification and regression trees) for solving classification problems and
regression reconstruction. Methods for handling missing values.

12. Ensembles of decision rules (classifiers). Boosting. AdaBoost algorithm. Boosting and additive models.
Gradient boosting.Gradient Boosting Trees. Bagging. Random forests.

13. Unsupervised learning. Clustering. K-means, k-,edoids, Expectation Maximization. DBSCAN

14. Hierarchical clustering. Agglomerative and separating methods.

15. Foundations of the Vapnik — Chervonenkis theory. Bernstein's lemma. A theorem on the uniform
convergence of empirical risk to the expected risk in the case of a finite class of decision rules. Substantiation of
the principle of minimizing empirical risk. Vapnik — Chervonenkis dimension. Sauer's lemma. A theorem on the

uniform convergence of empirical risk to expected risk in the case of finite Vapnik — Chervonenkis dimension.
The principle of structural risk minimization.

Assessment criteria (assessment tool — Control questions)

Grade Assessment criteria

B]'Ia,quI/Ie OCHOBHBIM W [OITOJTHUTE/IbHBIM MaTeprua/ioM A0CTAaTOYHOE WX C He3HaUNTe/IbHbIMH
dass
P OLIMOKAMH U MOrpeHoCTAMHA

fqi]  PYlaAeHNe MaTeprasom, HeoOXO0/IMMBIM TI0 JaHHOMY TIpeJIMeTY, HeIoCTaTOuHO. PaboTy 3a Bpemsi
ai
cemMecTpa MOXKHO OL|eHUTb KaK Hey/I0BIeTBOPUTE/bHYIO

6. YueOHO-MeTOMUYECKOEe H HH(OpMaIMOHHOE o00ecrieyeHHe JUCIMILTHHBI (MO/1y/1s1)

OcHoBHas uTeparypa:

1. Sebastian Raschka. Python Machine Learning : Machine Learning and Deep Learning with Python,
Scikit-learn, and TensorFlow 2, 3rd Edition. - Packt Publishing, 2019. - 1 online resource. - ISBN
9781789958294. - ISBN 9781789955750. - TeKcT : 5/1eKTPOHHBIIA.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854412&idb=0.

[JomnonHuTenbHas 1uTeparypa:

1. Jesus Salcedo. Machine Learning for Data Mining : Improve Your Data Mining Capabilities with
Advanced Predictive Modeling. - Packt Publishing, 2019. - 1 online resource. - ISBN 9781838821555. -
ISBN 9781838828974. - TeKcCT : 3/71eKTPOHHBIN., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=854274&idb=0.

2. Amita Kapoor. Hands-On Artificial Intelligence for IoT : Expert Machine Learning and Deep Learning
Techniques for Developing Smarter IoT Systems. - Packt Publishing, 2019. - 1 online resource. - ISBN
9781788832762. - ISBN 9781788836067. - TeKCT : 5/1eKTPOHHBIIA.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854227&idb=0.



[TporpammHoe obecrieueHue 1 IHTepHeT-pecypchl (B COOTBETCTBUU C COJiepyKaHWeM IHCLIUTITUHBI):

1. The R Project for Statistical Computing https://www.r-project
2. Welcome to Python.org https://www.python.org/
3. scikit-learn: machine learning in Python scikit-learn.org/

7. MaTepHa/IbHO-TeXHHYeCKoe ofecreyeHUe JUCLUIIMHBI (MOY /1)

YueOHble ayJUTOPUU [ijis TIPOBeJeHHs] Y4ueOHbIX 3aHSTHH, MpPeAyCMOTPEHHBIX 00pa30BaTebHOU
MPOrpaMMOM, OCHaIeHbl MYJbTUMEAUMHBIM 000pyZoBaHHeM (TIPOEKTOP, 3KpaH), TeXHUUYEeCKUMH
CpeJiCTBaMH 00yUeHUs.

[TomerrieHusi A1 CAMOCTOSITENTbHON pabOThl 00YYArOIUXCsl OCHAIleHbl KOMITbIOTEPHON TEeXHUKOU C
BO3MOJKHOCTBIO TMOAK/IIOUeHUss K ceth "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/IEKTPOHHYIO
MH(OPMAaLIMOHHO-00pa30BaTeIbHYI0 Cpely.

[lporpamMa coctaBieHa B cooTBeTcTBHUM C TpeboBanussmMu OC HHI'Y 1o HarpaB/ieHHIO
nogrotoBku/crieranbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

ABtopsl: 3on0Tbix Hukosaii FOpbeBuy, JOKTOp (PU3HMKO-MaTeMaTUueCKUX HayK, JOLIeHT.
3aBepyromuii Kadenpoii: 3om0Teix Hukosnai FOpbeBuy, JOKTOp (PU3MKO-MaTeMaTUueCKUX Hayk.

ITporpamma ofj06peHa Ha 3aceflaHUU MeTouUeCcKou komuccuu ot 02.12.2024, ipotokon Ne 5.
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