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1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOuctunmza 51.B.08 MammHHOe o6yueHre OTHOCUTCS K 4aCTH, POPMUPYEeMOM Y4aCTHUKAaMHU
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 IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
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: BbiuucaumenbHble IIK-4.1: 3adauu
npoekmuposamb Memoobl U 3Hamb: munoeble peuwieHus, Tecm 3quém:
npoepammHoe CynepKoMnbIomepHble 6ubAUOMeEKU NPO2PAMMHDIX K
6 OHMPO/IbHblE
obecneuerue mexHo/no2uu MoOynell, wabnoHbl, KAACChl
yaeu, ’ 80NpoChl
IIK-4.2: 3naem memoobl u 06%eKMo8, UCNOob3yeMble npu
cpedcmea npoeKmupogaHust paspabomke npoepamMmHo20

Npo2pammHo20 obecneueHus obecneyeHus.
T1K-4.3: 3Haem memoOb! u
cpedcmea npoekmupos8aHust

IIK-4.2:
6a3 OaHHbIX.

3Hamb:
IIK-4.4: Ymeem

MemoOdbl U cpedcmea
ucnoab308amb

npoeKkmupo8aHus NnpoepammHO20
cywyecmesyroujue munoseble

obecneueHust.
pewieHust u wabaoHbl
NpoeKmuposaHust
npoepammHo20 obecneueHust. TIK-4.3:

TIK-4.5: Ymeem npumeHsimb 3Hamb:

Memoobl U cpedcmea memoOb! u cpedcmea
npoekmupoeaHus npoekmupogaHus 6a3z OaHHbIX.
npoepammHo20 obecneueHus,

CcmpyKmyp OaHHbIX, 6a3 TIK-4.4:

OaHHbIX. Ymems:

ucnonb308ams cyujecmayroujue
munoeble peuwieHus U wabaoHb!
NpoeKMuUpo8aHusi NPO2PAMMHO20

obecneueHus..

IIK-4.5:

Ymemb:

npumeHsimb Memoobl U
cpedcmea npoeKmupoeaHus
npo2pammHo20 obecneueHus,

cmpyKmyp OaHHbIX, 6a3 OQHHbIX.




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.

[17151 TOATOTOBKY K TIPAaKTUUYeCKUM 3aHSITUSIM, CAMOCTOSITe/TbHON paboThl ¥ POMEXKYTOUHOM
aTTecTal[ui PeKOMeHYIOTCS 3/IeKTPOHHBIe pecypchl 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 (see above). Using themethod, ridge regressioncanstruct a

polynomial model of the form fix) = o + Bux + Px? if the regularization parameter 4 = 2.

2. Prove that in the case of a quadraticfunction loss. the minimum average risk is delivered by
the conditional average. What is thein this case average risk?

3. Prove that if the loss function is equal to the modulus of the difference. then theminimum to
the average risk conditional median delivers the. What is the average risk in this case?

4. Let the answer be given in the form of an analytical function x XOR ((y XOR z) OR w).
where w, x, y and z are TRUE or FALSE. Build a decision tree that predicts aresponse zero

€1Tor.

Assessment criteria (assessment tool — Tasks)



Grade Assessment criteria
pass  3aziaua pellleHa MOJHOCTBIO W/IM pellleHa OCHOBHasl YacTh 3aJjauk, WK 3ajlaua pellleHa C HejoueTaMU
fail 3ajjaua He pellleHa WU CleflaH TIepBbIil 3Tal pellleHus 3a7aun

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

1. Download dataset Spam ((http://www-stat.stanford.edu/~tibs/ElemStatLearn/). Divide the
data on the training and the test sample (according to the marks infile). spam.traintest
Compare the quality of learning using support vector and K nearest neighbors. parameters of
the models Select theat your discretion.

2. Load the Spam dataset ((http://'www-stat.stanford.edu/~tibs/ElemStatl earn/). Divide the data

into training and test samples (according to the labels in thefile spam.traintest) Compare the
training quality using decision trees and method K nearest neighbors.parameters of the models
Select theat your discretion.

3. Load the Spam dataset ((http:/'www-stat.stanford.edu/~tibs/ElemStatl earn/). Divide the data

into training and test samples (according to the labels in thefile spam.traintest) Compare the
training quality using decision trees and Support Vector Machine Select the parameters of the

models at your discretion.

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

IIIkana oueHuBaHus c)OPMHPOBAHHOCTH KOMIETEeHI[UI

Yposen

b

chopmu Hey/0B/IETBOP YAOBJIETBO O4YeHb

IJI0X0 XO0POII0 OT/IHYHO MPEBOCX0/{HO

POBaHH UTEeJIbHO PHMTE/IBHO XOpOoLIo

ocTH

KOMITIeT

eHIUH

(uHAMK

aropa

AOCTHIK He 3aUTeHO0 3a4YTEHO

eHUs

KOMIIET

eHIHi1)

3HaHus OTtcyTcTBUE YpoBeHb MuHuManeH | YpoBeHb YpoBeHb YpoBeHb YpoBeHb
3HAHUH 3HAHUI HIDKe o 3HAHUH B 3HAHUH B 3HaHUH B 3HAHUH B
TEOPeTHUUECKOTO MMHHUMaJILHBIX [IOTyCTUMBI | 0OBeme, obneme, obneme, obneme,
MaTepHasa. TpebOBaHUA. 1 ypOBeHb COOTBETCTBY | COOTBETCTBY | COOTBETCTB | TpEBBILIAIOLIE
HeB03MO>KHOCTD Vimenu MecTo 3HAHUM. I01T[eEM I0ITIEM yIOLIeM M IIpOrpaMMmy
OL|eHUTb MOJHOTY | rpy6ble ommbky | [JomyiieHo rporpamMme | mporpaMme | MporpaMme | MOATOTOBKH.
3HAHUH MHOT'O MMOJTOTOBKH | TOATOTOBKK | ITOJTOTOBK
BCJ/I/ICTBHE HerpyObix . Jonyiiero | . Jonymeno | u. Omubok




HeCKOJIbKO
OTKasa HECKOJIbKO
HecylLiecTBe
obyuaroierocs ot OIIM60K HerpyObIx HHEIX HET.
OTBeTa ommbok
onboK
IIpogemoHC
TPHPOBaHBI
IIpogemoHc PYp
IIpogemoHc | Bce
IIpomemoHC | TpupoOBaHBI
TPUPOBaHbI | OCHOBHbIE
TPUPOBaHbI | BCe
BCe yMeHHUs. [IpogemoHcTp
OCHOBHBI® OCHOBHbIE
OtcyTcTBUE OCHOBHbIE Perienst HPOBaHkbI BCe
ITpu perreHnH YMeHUsI. yMeHUsI.
MUHHUMaJIbHbIX YMeHHUS. BCE OCHOBHbIe
N CTaHZapTHBIX PeliieHs! PerieH! Bce
YMeHHH. PerieHsl Bce | OCHOBHBIE YMeHVSI.
3a/iay He THIIOBbIE OCHOBHbIE
HeB03MO>KHOCTB OCHOBHBIe 3a71auu C PemieHs! Bce
MIPOZIEMOHCTPUD | 3aJauu C 3a/lauM C
OLIeHUTb Ha/lMuye 3a/jauM. OT/le/IbHBIM | OCHOBHBIE
Ymenus . OBaHbI HerpyObiMU | Herpy6bIMU
yMeHHH BhImosHeHb! | U 3a/lauH.
OCHOBHbIe omubKaMu. | ommbKamu.
BCJIE[ICTBHE BCe 33JlaHMs1 | HeCyllecTB | BhINosHeHs!
yMmenus. imemu | BeinosnHeHns! | BeirnosmHeHs!
OTKa3za B [10JTHOM €HHBIMU BCe 3a/iaHus, B
MecTo rpy6bie BCE BCe 3a/laHus
obyuaroiierocst ot obbeme, HO | HeOUeTaM | TIOJIHOM
ommbKu 3a/laHus, HO | B MOJIHOM
oTBeTa HEKOTOpbIe u, obneme 6e3
He B obneme, HO
c BBITIO/THEH HeJ|0YeTOB
TIOJTHOM HEKOTOpble
HeJjoueTaMH | bI BCe
obbeme d
3a/]aHus B
HeJloueTaMu
TIOJTHOM
obbeme
Nwmeetcs
OtcyTcTBUE IIpogemoHc IIpogemoHC
MUHUMaJbH IIpogemoHc
6a30BbIX ITpu pelieHnH o TPUPOBaHbI TPUPOBaHbI
bl HAbop TPUPOBAHBI ITpogemoHcTp
HaBbIKOB. CTaHZapTHBIX Oa3soBble HaBbIKH
HABBIKOB 6a3zoBble HpOBaH
HeB03MOXXHOCTh 3a/iay He HaBBIKH TIpU TIpx N
Jist HaBBIKH TIpH TBOPYECKUH
OLIeHWUTb Ha/jMure | MPOJEeMOHCTPUP pelleHnn peleHrr
Hagblku pelleHust peleHnn TIOZIXO[, K
HABBIKOB oBaHbI 6a30BbIe CTaHZIapTHBI HeCcTaHJapT
CTaHZapTHBI CTaHJapTHBI peLLEeHHI0
BCJ/Ie/ICTBHE HaBbIKU. ViMenn X 3a7iau C HBIX 3a71au
X 33/ja4 C X 3a/jau 6e3 HeCTaH/apTHBI
OTKa3sa MecTo Tpy6bie HEKOTOPBIM 6e3
HEKOTOPBIM omboK u X 3a/1a4y
oOyuaroiierocst oT | OmMOKK u oumboK 1
U HeJJ0ueToB
oTBeTa HeJZloueTaMu HeJI0ueToB
He/0YeTaMHt
Scale of assessment for interim certification
Grade Assessment criteria
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",
pass 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 U JOMOJ/IHUTE/IbHBIM MaT€PHUA/IOM NOCTAaTOUHOE WU/ C HE3HAUUTE/IbHBIMU

pass
OIIMOKaMH 1 TIOTPEITHOCTSIMU

B/IafleHre MaTepraaoM, He0OXOAUMBIM T10 IAaHHOMY TIpe/IMeTy, HeZlocTaTouHo. PaboTy 3a Bpemst
ceMecTpa MOKHO OLIeHUTh KaK Hey/l0B/IeTBOPUTE/IbHYIO

fail

6. YueOHO-MeTOMUECKOEe H HH(OpMaIMOHHOE o00ecrieyeHne JUCIMILTHHBI (MO/1y/151)

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 : 3/1eKTPOHHBIIA.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854412&idb=0.

[lononHuTebHAS MUTEpaTypa:

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 : 3/1eKTPOHHBIN., 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 : 3/1eKTPOHHBIIA.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854227&idb=0.

[TporpammHOe obecrieueHre 1 VIHTepHeT-peCcypchl (B COOTBETCTBHUHU C COJiePKaHHEM JIMCIATUIMHBI):

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 o0ecreyeHUe JUCHUIIMHBI (MOY /1)

YueOHble ayfUTOPUU [/ TIPOBeJeHHs] y4eOHbIX 3aHSTHH, TMpPeAyCMOTPEHHBIX 00Opa3oBaTenbHON
MPOrpaMMOM, OCHAIlleHbl MY/JIbTUMEJUHHBIM 000pyJoBaHHEM (IPOEKTOP, 3KPaH), TeXHUUECKUMH
CpesCcTBaMU 00yUeHUsI.

[MTomereHust 71T CaMOCTOSITeNIbHOM paboThl 00YYarOIMXCSI OCHAIL[eHbl KOMITbIOTEPHON TeXHUKOW C
BO3MOXXHOCTBIO TIOAK/IIOUeHUs K ceTn "MHTepHeT" U obecriedyeHbl [JOCTYIIOM B 3/I€KTPOHHYIO
MH(OPMaIMOHHO-00pa30BaTe/IbHYI0 CpPesy.



ITporpamMmMa coctapsieHa B cooTBeTcTBUU ¢ TpeboBaHusmu OC HHI'Y 1o HampaBieHHWIO TIOJTOTOBKH
02.03.02 - Fundamental Informatics and Information Technology.

Author(s): 3onoteix Hukonaii FOppeBuu, 10KTOp hDM3MKO-MaTeMaTUUeCKHUX HayK, JOLEHT.
3aBeayroumii Kadeapoii: 3onoteix Hukonaii FOppeBuy, JOKTOp (U3MKO-MaTeMaTUUeCKUX HayK.

ITporpamMma ozob6peHa Ha 3ace/jlaHUM MeToAnuecKoi Komuccuu ot 13.12.2023, mpoTtokos Ne 3.
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