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1. Mecto pucyuninHsbl B cTpyktype OITIOII

IMucuynuaa 51.B.[1B.02.02 Teopust MalTMHHOTO 00yYeHHsI OTHOCUTCS K YacTH, popMUpyeMoi
yuaCTHUKaMH 00pa30BaTe/TbHBIX OTHOIIEHHWH 00pa30BaTe/IbHOM TIPOTrPAMMBI.

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)
ITK-8: CnocobeH k TIK-8.1: 3Haem memoouky TIK-8.1: 3adaHus
paspabomke HoBbIX paspabomku HOBbIX 3Hamb meopemuueckue 0OCHOBbI 3quém:
anzopummuteckux, a120pUMMUYEcKUX, MAWUHHO20 0BYUeHUSl, OCHOBHDBIC K
OHMPO/IbHblE
MemoouuecKux u
MemoouuecKux u an2opummbl pelieHust 3a0avu
mexHoA02UYeCKUX . 60npochl
. mexHoN02UHecKUX pelleHull 8occmarossneHust peepeccul,
peweHull 8
KOHKpemHoli IIK-8.2: Ymeem npumeHsmb OCHOBHble a/120pUMmMbl peuleHus
cepe nosyueHHble 3HaHus 05 3a0ayu kaaccugpukayuu.

npogeccuoHanbHoli | Paspabomku HO8bix

aeﬂmeﬂbHOCmU anzopummuyeckKux.
P ’ TTK-8.2:

Memoou4ecKux u
Ymemb npogeccuoHabHoO

mexHo02UYeCKUX pelleHull
IIK-8.3: Umeem
npakmuyeckuti onbim

paspabambieams U Npog8oOUMb
npoyedypbl mecmupoeaxus

aseopummos Kaacmepusayuu
cocmas/eHust mexHuueckoz2o

3a0aHus Ha paspabomky

UHGOPMAYUOHHOU cuCmeMbl TIK-8.3:
Brademb HagbIKaMU peweHust

npakmuyeckux 3a0au ¢
UCNOMb308AHUEM MEMOO08
MAWUHHO20 06YyUeHust;
UCNONb308AHUS Cpeodbl
cmamucmuyecKux ebiyucaeHutl R
uau 6ubauomexu ScikitLearn ons
pelueHus 3a0ay MawuHHO20
obyueHusl.

3. CTpyKTypa U cojep)XKaHHe AUCIUILIUHbI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

o4yHas
OO011as TPy/J0EMKOCTBD, 3.€. 5
Yacos 1o yueGHOMY I/IaHY 180

B TOM 4uCIIe




ay/UTOPHBIE 3aHATHSA (KOHTAKTHasi padora):

- 3aHATHS JIEKIJMOHHOT0 TUNA 16

- 3aHATHSA CEMHHAPCKOro THMa (MpaKTHYecKHe 3aHATHs / 1aGopaTopHbIie paGoThI) 16

- KCP 1

caMocTosTe/bHasA padoTa 147

ITpomexyTouHas arrecTanus 0
3auér

3.2. CozepkaHue JUCLUIIIVHbI
(cmpykmypupoeaHHoe no memam (paszdenam) C yKa3aHueM Omee0eHHO20 HA HUX Ko/auyecmed

aKkaoeMuuecKux uacos u 8uobl yueOHbIx 3aHsimuli)

HauMeHOBaHve pa3fenos U TeM AUCLUTUIMHbL Bcero B TOM UHCTe
(acen) KonTakTHas pabora (pabota Bo
B3aUMO/IefICTBUH C [IperofiaBaTesieM),
Yackl U3 HUX
JaHSTHS CamocTosTe/nbHas
CeMHHApCKOro pabora
3aHsTUA TUMa o0yuarowerocs,
JIEKLJMOHHOTO | (rpakTHueckue | Bcero qacel
TUMa 3aHsATHs/Mabopa
TOpHBIE
paboThI), Yacel

o) o) o) o} o)

¢ ¢ o) o) ¢

0 0 0 0 0
1. Introduction. 32 2 2 4 28
2. Fundamentals of the Vapnik-Chervonenkis theory. 38 4 4 8 30
3. Basics of PAC learning theory. 38 4 4 8 30
4. Occam's Razor. 38 4 4 8 30
5. Precise training. 33 2 2 4 29
ATTecrarust 0
KCP 1 1
Wroro 180 16 16 33 147

Contents of sections and topics of the discipline

1. Introduction. Main tasks of learning theory. 2. Fundamentals of Vapnik—Chervonenkis theory. Bernstein—
Chernoff lemma. Uniform convergence of empirical risk to expected risk in the finite case. Vapnik—
Chervonenkis dimension. Examples: threshold functions, neural networks, decision trees. e-network. Vapnik—

Chervonenkis theorem on uniform convergence of empirical risk to expected risk in the infinite case. 3.
Fundamentals of PAC learning theory. Definition of “probably approximately correct” (PAC) learning.

Conjunction learning. Intractability of the problem of learning 3-DNF formulas. Learning 3-CNF formulas. 4.

Occam’s razor. Using Occam’s razor in learning conjunctions. Learning decision trees. 5. Exact learning.
Learning with questions. Membership and equivalence questions. Learning Dimensionality. Upper and lower
bounds on the complexity of learning based on the learning dimension.




4. YueGHO-MeTO/jUUeCKOe o0ecrieueHHe CaMOCTOSITe/IbHO PadoThI 00yUaromuxcs

CamocrosTenbHasi paboTa oOyyaroL[uxcsi BK/IOUaeT B cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM U
3alaHusIM JIJIs1 TeKYIero KOHTPOJISI U MPOMEXXYTOUHOM aTTecTaldy [0 UTOraM OCBOEHHs JUCLIAIUIMHbI
NIpYBe/IeHHBbIM B 1. 5.

To prepare for practical classes, independent work and intermediate certification, electronic resources
are recommended http://www.uic.unn.ru/~zny/ml/

1. BopontioB K.B. MammnHoe o6yuenue. Kypc nekiwii. http://www.machinelearning.ru.
http://www.intuit.ru/studies/courses/13844/1241/info

2. BBefieHre B aHA/IUTUKY OOJIBIIIX MaCCUBOB JAHHBIX
http://www.intuit.ru/studies/courses/12385/1181/info

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 - Assignments) to assess the development of the
competency ITK-8:

1. l‘I-"_‘-'Hh’lt.ltln f . R'f —* {U. l} HAS0BEM RUWUROAM, C/TH CYIIECTBYIOT BEIIECTBCHBIC YHCR ay , a2, ..., Ay
by, bo,. .., by, Takme, wto f(r) = 1 TOrga H TONBLKO TOrMA, Korja a; < x < b; (i =1,2,....d).
Haiiru dyakumio pocra n passmeprocts Bannuka-"TepsoHeHKuca 118 KJacca BeexX AIMKOB,
IMponnmocTpHpoBATE HA ITOM NpUMEpe JeMMy 3ayapa,

2. Ilycrs Tp, — muoxecrso seex dynkumit f @ RY — {0,1}, sermcisembix Gupapubivm je-
pesbiMH pemennil, soicorsl He shime h. Haitrin gyakmmio pocra i passepnocts Bamanka-
Hepsonenxuca s kiacea Tj,. TIponamocTpuposaTh Ha 3T0M HpHMepe ey 3ayspa.

Assessment criteria (assessment tool — Assignments)

Grade Assessment criteria

pass A well-founded, detailed answer was given, the tasks were completed in full, some with shortcomings

fail  'When completing tasks, gross errors occur or tasks are not completed.

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

IITkana oneHUBaHUs C()OPMUPOBAHHOCTH KOMIIeTeHLINH

YpoBen
b

copmu Hey/0B/IETBOP YAOBJIETBO 04YeHb
nJ10xXo xopo1iio OT/IMYHO MpeBOCX0/JHO
pOBaHH HUTEe/ILHO PHTe/IBHO XO0pOoIIo

OCTH
KoMIeT
eHIUH
(uHUK
aropa
AOCTHK He 3aUTeHO0 3a4YTEeHO
eHus
KOMIIeT
eHIHi1)




YpoBeHb
OtcytcTBHE YpoBeHb POBEE
o N 3HaHWH B
3HAHUN MuHMManbH | 3HaHWH B oBneme YpoBeHb
TEOpeTUYECKOro ) obbeme, ’ 3HaHM B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuara. N JIOMyCTUMBI | COOTBETCTBY obbeme, N
3HAHWH HIDKEe 9 F0IL[EM 3HaHWH B
HeB03MO>XHOCTb 1 ypoBeHb I0ILieEM COOTBETCTB
MHWHHUMabHBIX 9 rporpaMme obbeme,
3HaHUS | OLIEHUTH MOJIHOTY . 3HaHWH. nporpamMme yIoIiem
o TpeboBaHMIA. TMO/ITOTOBKH TIpeBbIILIAOLLE
3HaHUN [HonyieHo MO/ITOTOBKH rporpamme
Wmenmu mecto . HJonyiieHo M MpOrpamMmy
BCJ/Ie/ICTBHE MHOTO . JomymmeHo TIOJTOTOBK
rpy6ble omnubKu HECKOJIbKO MOATOTOBKHU.
OTKa3sa HerpyobIx HECKOJIbKO u. Ommbok
HecylILiecTBe
obyuaroierocs ot OIIM60K HerpyObIx HHEIX HET.
OTBeTa ommb0oK
onboK
IIpogemoHC
TPHPOBaHBI
IIpogemoHc PYp
IIpogemoHc | Bce
IIpomemoHC | TpupoOBaHbI
TPUPOBaHbI | OCHOBHbIE
TPUPOBaHbI | BCe
BCe yMeHHUs. [IpogemoHcTp
OCHOBHBI® OCHOBHbIE
OTtcyTcTBUE OCHOBHbIE Perienst HPOBaHkbI BCe
ITpu perreHnH YMeHUsI. yMeHUsI.
MUHHUMaJIbHbIX YMeHHUS. BCE OCHOBHbIe
N CTaHZapTHBIX PeliieHs! PeriteHs! Bce
YMeHHH. PeliieHbl Bce | OCHOBHBIE YMeHHUS.
3a/iay He THIIOBbIE OCHOBHbIE
HeB03MO>KHOCTB OCHOBHBIE 3aj1auu C PemieHs! Bce
MPOZIEMOHCTPUD | 3aJauu C 3a/lauM C
OLIeHUTb Ha/uye 3a/jauM. OT/le/IbHBIM | OCHOBHBIE
Ymenus . OBaHbI HerpyObiMU | Herpy6bIMU
yMeHHH BrInosHeHb! | U 3a/jauH.
OCHOBHbIe omubKaMu. | ommbKamu.
BCJIE[ICTBHE BCe 33JlaHMs1 | HeCyllecTB | BhINosHeHs!
yMmenus. imesmu | BeinosnHeHns! | BeirnosmHeHs!
OTKa3za B [10JTHOM €HHBIMU BCe 3aaHusl, B
MecTo rpy0Obie BCE BCe 3a/laHus
obyuaroiiierocst ot obbeme, HO | HeOUeTaM | TIOJIHOM
ommbKu 3a/laHus, HO | B MOJIHOM
oTBeTa HEKOTOpbIe u, obneme 6e3
He B obneme, HO
c BBLINIOJIHEH | HEZIOUeTOB
TIOJTHOM HEKOTOpble
HeJjoueTaMH | bI BCe
obbeme d
3a/]aHus B
HeJloueTaMu
TIOJTHOM
obbeme
Nwmeetcs
OtcyTcTBUE IIpogemoHc IIpogemoHC
MHUHUMaJbH IIpogemoHc
6a30BbIX ITpu perieHNH o TPUPOBaHbI TPUPOBaHbI
bIii HAbOp TPUPOBAHBI ITpogemoHcTp
HaBbIKOB. CTaHZapTHBIX Oa3oBble HaBbIKH
HABBIKOB 6a3zoBble HpOBaH
HeB03MO>XHOCTb 3a/iay He HaBBIKH TIpU TIpx N
Jist HaBBIKH TIpH TBOPYECKHUH
OLIeHUTb Ha/jure | MPOJEeMOHCTPUD peleHnn pelLeHrr
Hagbiku peleHust peleHnn TIOZIXO[, K
HABBIKOB oBaHbI 6a30BbIe CTaHZIapTHBI HeCcTaHJapT
CTaHZapTHBI CTaHJapTHBI peLLeHHI0
BC/Ie/ICTBHE HaBbIKU. ViMenu X 337124 C HBIX 3a71au
X 33/ja4 C X 3a/jau 6e3 HeCTaH/apTHBI
OTKasa MecTo rpy6bie HEKOTOPBIM 6e3
HEKOTOPBIM omboK 1 X 3a/1a4y
oOyuaroiierocst oT | OmHOKK u omboK 1
U HeJJ0ueToB
oTBeTa HeJZloueTaMu HeJI0ueToB
He/04eTaMHt
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 [IK-8

1. Bernstein—Chernov lemma.

2. Uniform convergence of empirical risk to expected risk in the finite case.
3. Vapnik—Chervonenkis dimension of a class of threshold functions.

4. Vapnik—Chervonenkis dimension of a class of neural networks.

5. Vapnik—Chervonenkis dimension for a class of decision trees.

6. e-network. Vapnik—Chervonenkis theorem on uniform convergence of empirical risk to expected risk in the
infinite case.

7. Definition of “probably approximately correct” (PAC) learning.

8. PAC learning. Conjunction learning.

9. PAC learning. Intractability of the problem of learning 3-DNF formulas.

10. PAC learning. Learning 3-CNF formulas.

11. Occam's Razor. Using Occam's Razor to learn conjunctions.

12. Using Occam's Razor to learn decision trees.

13. Learning with questions. Membership and equivalence questions. Learning dimension.

14. Upper bounds on the complexity of learning with membership questions based on the learning dimension.
15. Lower bounds on the complexity of learning with questions based on the learning dimension.

Assessment criteria (assessment tool — Control questions)

Grade Assessment criteria

pass Knowledge of basic and additional material is sufficient or with minor errors and inaccuracies

fail knowledge of the material necessary for this subject is not enough. Work during the semester can be




Grade Assessment criteria

assessed as unsatisfactory

6. YueGHO-MeTOfMUeCKOe M HH(OPMaLOHHOE o00ecrieyeHHe JUCHMILTHHBI (MO/y/1s1)

OcHoBHasi TUTeparypa:

1. TlnaToHoB A. B. MammHHoe oOyuenue : yuebHoe rmocobue / A. B. ITnatoHoB. - Mockea : FOpaiir,
2022. - 85 c. - (Beiciee obpa3zoBanue). - URL: https://urait.ru/bcode/508804 (mata obpaiijeHus:
14.08.2022). - ISBN 978-5-534-15561-7 : 319.00. - TekcT : anekTpoHHbIM // SBC "HOpalit"., https://e-
lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=821948&idb=0.

[ononmHuTebHAs TUTEpaTypa:

1. dgax 1. MaimHHOe 06ydyeHre. Hayka v UCKYCCTBO TTOCTPOEHUSI aTOPUTMOB, KOTOPbIe U3B/IeKaloT
3HaHUS U3 JaHHbIX : MoHOTpadus / @aax I1. - Mocksa : [IMK-npecc, 2023. - 401 c. - ISBN 978-5-89818-
300-4., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=878863&idb=0.

2. Python u maiimHHOe oOyueHue: KpaiiHe HeoOXoArMOe 1ocobue 110 HoBelillIel Mpe/icKa3aTebHOM
aHa/IUTHKe, 00s13aTeibHOe /i1t OoJiee ryOOKOro MOHUMAHUSI MeTO/I0JIOTUYA MAIlIMHHOTO 00yueHus /
Paiika C. - Mockga : JIMK-nipecc, 2017., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=659331&idb=0.

[TporpammHoe obecrieueHre U VIHTepHET-peCcypChl (B COOTBETCTBUU C CO/IePXKaHUEM IHCIUTUIAHBI):

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 ayUTOPUM [i/isI TIPOBeJIeHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa3oBaTe/bHOM
MPOrPaMMOM, OCHAIleHbl MYyJIbTUMeAUWHBIM 000pyJ0BaHHeM (TIPOEKTOpP, 3KpaH), TeXHUYeCKUMHU
cpeAcTBaMu 00yYeHHsl.

[MTomelijeHust 151 CaMOCTOSITebHOM paboThl 00YYaroLMXCsl OCHAIL|eHbl KOMITbIOTEPHON TeXHUKOW C
BO3MO)KHOCTBIO TIOJK/IIOUeHUs1 K ceTd "VHTepHer" u obecrieyeHbl [OCTYTIOM B 3/IEKTPOHHYIO
MH(pOpMalMOHHO-00pa3oBaTe/IbHYI0 Cpejy.

ITIporpaMma cocTtaBieHa B cooTBeTcTBMM ¢ TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIo
nogrotoBky/crietanbHOCTH 02.04.02 - Fundamental Informatics and Information Technology.

Agstopbl: 30/10TbIX Hukosaii FOpreBuu, 10KTOp (pri3KO-MaTeMaTUUeCKUX Hayk, JOLIeHT.
3aBeaytoumii kKadeapoii: 3onoTeix Hukonait FOppeBud, J0KTOpP PU3MKO-MaTeMaTUUeCKUX HayK.



[TporpamMma oiobpeHa Ha 3acefjlaHUM MeToAnuecKoi Komuccuu ot 02.12.2024, mpoTtokon Ne 5.
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