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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Hucuuumna «Machine Learning and Big Data Mining» BXOZUT B HporpaMmy
MarucCTparypasl «bammcTnyeckoe IMPOCKTUPOBAHNEC KOCMUUYCCKHX KOMIIJICKCOB H CHCTEM) IIO
Hanpasienuio 01.04.02 «IIpuknannas mareMaTika 1 HHGOpMaTHKa» U n3ydaercs B 1 cemectpe 1
kypca. Jucuummmay peanusyer Kadenpa MexaHWKHM W TpoleccoB ympamieHUs. JlucruruimHa
COCTOMT M3 9 pa3aenoB W 27 TeM W HalpaBlieHa Ha M3ydeHUE (PYHIAAMEHTAIBHBIX OCHOB Of
clustering and its basic techniques, classification and its basic techniques, frequent itemset mining
and association rules, feature selection and dimensionality reduction, outlier detection,
recommender systems and algorithms, ensemble clustering and classification, multimodal
relational clustering, artificial neural methods and stochastic optimization, elements of statistical
leaming; pa360p OCHOBHBIX METOJOB PCHICHUSA TUIIOBBIX 3aga4 U 3HAKOMCTBO C 00J1aCTBI0 UX
MPUMEHEHHS B IPOPECCUOHATBHOM IS TETbHOCTH.

HeJ'IBIO OCBOCHUs IOUCHUIIIIMHBI ABJIACTCS (bOpMHpOBaHI/Ie (byH,Z[aMeHTaHLHBIX 3HAaHUHA "
HAaBBIKOB IPUMCHCHUA MCTOAOB PCHICHUA 3aaady, H606XOI[I/IMBIX JJIA HpO(beCCHOHaHLHOfI
JCATCIIbHOCTH, ITOBBIIICHUEC O6H_ICFO YPOBHA I'paMOTHOCTH CTYACHTOB IIO AUCHHUIIIMHE Machine
Learning and Big Data Mining, to familiarize them with a new rapidly evolving field and provide
practical knowledge experience in analysis of real world data.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUSA JUCIHUITJIMHDbI

OcBoeHne TUCHMILIMHBI «MalmHHOe 00y4eHHe U aHajau3 OOJIBLIMX JAHHBIX» HAIPaBICHO
Ha (OPMHUPOBAHKE Yy 00YUAIOIIMXCS CIEAYIOUMX KOMIIETEHIUH (YaCTH KOMIIETEHIIH):

Tabnuya 2.1. Ilepeuenv komnemenyutl, Gopmupyemvix y 00yYAOWUXCL NPU OCBOCHUU
OUCYUNTIUHBL (Pe3VTbmambvl 0C80EHUS OUCYUNTIUHDL)

HNuaukaTopbl 10CTHKEHUSI KOMIIETeHIIUT
Iudp Komnerennus A PR N u
(B pamMKax JaHHOW JTHCIUIIIIMHBI)
VYK-1.1 Ananuzupyer 3a1auy, BeIIENSS ee Oa30BbIe
Cnoco0eH ocyIiecTBIsATh COCTAaBJISIOIINC;;
KpUTHUYECKUH aHAIN3 YK-1.2 Onpenensier u pamxupyeT uHGopMaIuio, Tpedyemyro s
VK-1 NpoOJIEMHBIX CUTYallUil Ha pelmeHns MOoCTaBIeHHOH 3a/1a4M;;
OCHOBe cucTeMHoro noaxona, |YK-1.3 OcymiecTiusieT mouck nHPOPMALUH [T PELICHUS
BBEIpadaThIBATh CTPATETHIO MOCTABJIEHHOH 3a7]a4y 10 Pa3IMIHBIM THIIaM 3a1pOCOB;;
JercTBUi VK-1.4 [Ipennaraet BapuaHThl peLICHUS 3a]a4l, aHAJIM3UPYET
BO3MO>KHBIE MTOCJICACTBHS UX MCIOIB30BAHNS;;
Crnioco0eH ucKaTh HyXKHbIE
WCTOYHHUKH HH(POPMAIIH U
JTaHHBIE, BOCIIPUHAMATH,
aHAITM3UPOBATh, 3ATIOMUHATH U
nepeaaBaTs HHHOPMAITHIO C
pel (opar YK-7.1 OcymiecTBisieT HOUCK HYKHBIX HCTOYHHKOB HHPOPMALIUT
UCIIOJIb30BaHHEM LIU(PPOBBIX
U TaHHBIX, BOCIIPUHUMAET, aHATM3UPYET, 3aIOMUHAET U TIepeiacT
CPEICTB, a TAKXKe C IOMOIIBIO
nH(opMaIHIo ¢ KCIOIb30BaHNEM U(DPOBBIX CPEICTB, @ TAKKE C
AITOPUTMOB IIpH paboTe C
MOMOIIBIO AITOPUTMOB IIPU PAObOTE € MOTYYEHHBIMHU U3 Pa3IMIHBIX
MOJYYEHHBIMHU U3 Pa3IHYHBIX
YK-7 HCTOYHHKOB JTaHHBIMH C II€JbI0 3(p(PEeKTHBHOTO UCTIONB30BAHH
MCTOYHHMKOB JJAHHBIMH C LEJIBIO o
MOy4eHHOW MH(POPMAIMH /TSI PELICHHS 33/1a4;;
3¢ (EKTUBHOTO HCIIOIB30BAHHS
. VK-7.2 [IpoBoauT oueHKY MH(OPMALUH, €€ IOCTOBEPHOCTb,
MOJTY4eHHOW MH(OPMALIIH IS
CTPOUT JIOTUYECKHE YMO3aKIIOUCHHUSI HA OCHOBAaHUH MOCTYIAIOIINX
penieHus 3a1a4; MpOBOANUTD
nH(OpMaLUK 1 TaHHBIX.;
OLICHKY MH(OpMaIHH, ee
JOCTOBEPHOCTb, CTPOUTH
JIOTHYECKUE YMO3AKIIIOUEeHHUS Ha
OCHOBaHMH HOCTYMAIOIINX
nH(pOpMaINK U TAaHHBIX
K-1 Crnioco6en popmynuposats e, |[1K-1.1 O6nagaer pynaamMeHTaI-HBIMUA 3HAHUSAMU, TIOTYYEHHBIMU
3aJ[a4y HAy4YHbBIX HCCIICJI0OBAHMUI B |B 00JIaCTH MaTeMaTH4YeCKUX U (MJIM) €CTECTBEHHBIX HAYK,




I/IH}II/IKaTOPLI JOCTHIKCHHUSI KOMIIETCHIINHN

Mudp Komnerennus o
(B paMKax JaHHOUW TUCUUTUIMHBI)
o0J1acTu PHUKIATHOM MPOTPaMMHUPOBAHUS U HHGOPMAIIMOHHBIX TEXHOJIOTHH;;
MatemaTuku u uHpopmatuky, |[IK-1.2 YMmeer HaxonuTs, (POpMYIHPOBATE U PEIIATh CTAHAAPTHHIE
BBIYHMCIINTEIHHON TEXHUKU U |33aJa4d B COOCTBEHHOH HayYHO-HCCIIEI0BATEIbCKON NS TEIbHOCTH
COBPEMEHHBIX TEXHOJIOTUI B 00J1aCTH MPUKITATHOW MaTeMaTHKH U HHPOPMATHKH,
MIPOTrPaMMHPOBAHUS, BBIOUPATh | BEIYUCINTEIBHON TEXHUKH M COBPEMEHHBIX TEXHOJIOTHI
METOJBI M CPEJCTBA PEHICHUS  |IPOrPAMMHUPOBAHHS;;
3a1a4 I1K-1.3 meet npakTHuecKuil ONBIT HAyYHO-UCCIEA0BATEIbCKON
JIeSITEIbHOCTH B 00JIaCTH NPHUKJIAHON MaTeMaTUKU 1
MH(OPMATHKY, BEIYUCINTEIBHON TEXHUKU U COBPEMEHHBIX
TEXHOJIOTHH MPOrpaMMHpPOBaHMSL.;
CnocobeH NpUMeHsITh I1K-2.1 3HaeT coBpeMEeHHbIE TEOPETUIECKUE 1
COBpPEMEHHBIE TEOPETUUECKUE U |IKCIIEPUMEHTAIbHBIE METO/ABI pa3pabOTKU MaTeMaTHYECKUX
SKCHEpUMEHTANbHbIE METOABl  |MOAeIeH, MHHOBALIMOHHBIE HHCTPYMEHTAJIBHbIE CPECTBA
pa3pabOTKM MaTEMaTHIECKUX  |[IPOSKTUPOBAHUS U 3JIEMEHTHI ApXUTEKTYPHBIX PEIICHUH
MOJIeTIeH HCCIIeyeMBIX OOBEKTOB |MH(OPMALIOHHBIX CHCTEM;;
[K-2 U mporeccoB, oTHocsmuxcesa kK |I[IK-2.2 YMmeet pa3pabaTeiBaTh 1 peain30BhIBATh AITOPHTMEL

po¢eCCHOHATBHOM
JEATEIEHOCTH 10 HATIPABJICHHIO
HOATOTOBKHU M Y4acTBOBATh B UX
peanus3anuu B BUAE
NIPOTPaMMHBIX IIPOLYKTOB

MaTeMaTHYECKUX MOoJeNel Ha 6a3e sI3BIKOB U NMAaKETOB MPUKIATHBIX
MpOrpaMM MOJICTHPOBAHNS;;

[TK-2.3 Nmeet npakTUYECKUH OMBIT pa3pabOTKHA BapHAHTOB
peanuzanuy HHGOPMALOHHBIX CUCTEM C MCIIOJIb30BAHUEM
MHHOBAIIMOHHBIX HHCTPYMEHTAJIBHBIX CPE/ICTB.;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO

I[I/ICIII/IHJII/IHa «MammmHaHOE 06yquHe A aHaan3 OOJIBIINX JaHHBIX» OTHOCHUTCA K 4YacCTu,
¢dbopmHpyeMoil ydacTHUKaMH 00pa30BaTeNbHbIX OTHOWIEHUN Onoka 1 «/lucuuniaunsl (MOAyNIn)»
00pa3oBaTeNbHON IPOTPAMMBI BBICIIIETO 00pa30BaHUS.

B pamkax o0pa3zoBaTesbHOM NpOrpamMmbl BBICIIETO O0pa30BaHUS OOYYAIOIIMECS TaKXKe

OCBauBaArOT

Apyrue  TUCIUILIAHBI

A/nnu

IIPpaKTHUKH, CHOCO6CTBYIOH_[I/IG JOCTUXKCHUIO

3aIlJTAaHUPOBAHHBIX PE3YJIbTATOB OCBOCHHA AJHUCHUILIMHBI «MarmuaHOE o6yquHe N aHaJInu3
OOIBIINX JaHHBIX».

Tabnuya 3.1. Ilepeuenv xomnonenmose OIl BO, cnocobcmeyiowux 00CmMudiCeHUIO
3ANIAHUPOBARHbLX pe3)1bmamoe OC60E€HUA ()ucuunﬂqul
IIpexmecrBylomue Hocaenyromue
Iugp Haumenosanue IIHC?[M):'[JIHHLI;,MOI;)’J[H, zmcuunnnili}ll,l/;auouynn,
KOMITETEHI[UH * %
HPAKTHKH NPAKTHKH
CriocobeH HCcKaTh HyKHbIE
HCTOYHUKH HHPOpPMALHU U
JIAHHbBIE, BOCIPUHUMATH, Advanced Methods of Remote
aHAIM3UPOBATH, 3A[IOMHUHATH Sensing and Geoinformation
U TIepenaBaTh HHPOPMAIUIO Systems;
C HCIOJIb30BaHUEM PaspaGorka u 6€3011aCHOCTb
H(POBBIX CPEICTB, a TAKIKE BeG-NPHIIOKEHUIT;
C TIOMOIIBIO AITOPUTMOB Pre-Graduation Internship in
pu paboTe ¢ TOITyIeHHBIMU Industry;
YK-7 U3 pa3InuHbIX HCTOYHHUKOB Practical Training and

JIAHHBIMH C LEJIBIO
3¢ G eKTHBHOTO
HCIIOJIb30BaHHUs MIOJIyYEHHOM
nH(OpMAaLUK A1 pELIEHUs
3aj1a4; NPOBOANTH OLICHKY
nHpopmanuy, ee
JIOCTOBEPHOCTH, CTPOUTH
JIOTHYECKHue
YMO3aKJIIOYEHHs Ha

Research in Dynamics and
Control of Space Systems
(online from RUDN Muission
Control Center) / Hayuno-
HCCJICA0BATCIJIbCKaA pa60Ta;
Technological Training;




IIpeamecrByonue Mocaenyromue
Ian)p Hanvenosanue HHCﬁHI:IHHHLl}IMOI;[IyJIH, Z[l/lC[ll/ll'lJ'll/ll}Ilil/;IHOZ[yﬂH,
KOMIIETEeH UM . .
NMPAKTHKH NMPAKTUKH
OCHOBAHHWHU IOCTYIIAIOIINX
nHPOPMANIUN 1 JAHHBIX
Advanced Methods of Remote
Sensing and Geoinformation
Systems;
Structures & Materials
Modelling;
System Design;
Dynamics and Control of
Space Systems;
Project "Drone Systems
Engineering. Part 1";
CriocoGeH OCyIIeCTBISATh Practical Training in
KPUTHICCKUI aHAIH3 Receiving Remote Sensing
Vi-1 TPOOJIEMHBIX CHTYAIHi Ha Data from Satellites and its
OCHOBE CHCTEMHOTO Interpretation (online from
MOJX01a, BEIpabaThIBATh RUDN Mission Control
CTpaTeTHIo NeicTBHI Center) / HUP;
Practical Training and
Research in Dynamics and
Control of Space Systems
(online from RUDN Mission
Control Center) / Hayuno-
HCCJIICA0BATCJIbCKaA pa60Ta;
Technological Training;
Pre-Graduation Internship in
Industry;
Pre-Graduation Internship in
Industry;
Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Interpretation (online from
CriocobeH GpopmyupoBaTh RUDN Mission Control
LeJIY, 3aJa4l Hay4HbIX Center) / HUP;
HCCIIEI0BAHUN B 00JIaCTH Practical Training and
MPUKIIATHOW MaTEMATHKH U Research in Dynamics and
K1 uHpopmaTuky, Control of Space Systems
BBIYUCIIUTEIBHON TEXHUKH U (online from RUDN Mission
COBPEMCHHBIX TEXHOJIOTHI Control Center) / Hayuno-
MporpaMMHUPOBAHUS, uccieoBarenbekas pabora;
BBIOMPATh METO/BI U Technological Training;
CpEJICTBA PEIIEeHHs 3312 Advanced Methods of Remote
Sensing and Geoinformation
Systems;
System Design;
Dynamics and Control of
Space Systems;
CnocobeH npuMeHsTh Advanced Methods of Remote
COBpEMEHHBIE Sensing and Geoinformation
TEOPETUYECKHUE U Systems;
SKCHEPUMEHTANbHBIE System Design;
K-2 METOJBI pa3paboTKH Project "Drone Systems

MaTeMaTH4YeCKUX Mojienei
HCCIIeTyeMBbIX 00BEKTOB U
MIPOIIECCOB, OTHOCSIINXCS K
npodeccruoHaTbLHOM
JICSITETHHOCTH TIO

Engineering. Part 1";
Pre-Graduation Internship in
Industry;

Practical Training in
Receiving Remote Sensing




[penmecrByrommue Hocnexyromue
Ingp Haumenosanue HHC?{HI:IHHHLI7MOI;[IyHH Z[l/lClll/ll'lJ'll/ll}Il)]:l/;/IuOZ[y.]'lH
9 9

KOMUETEHIIH NpaKTUKH* NpaKTUKH*

HaIpaBJICHUIO TOJTOTOBKH U
y4acTBOBAaTh B X
peann3aiyy B BUIC
MIPOTPaMMHBIX POTYKTOB

Data from Satellites and its
Interpretation (online from
RUDN Muission Control
Center) / HUP;

Practical Training and
Research in Dynamics and
Control of Space Systems
(online from RUDN Mission
Control Center) / Hay4no-
uccieaoBarcibCKas pa60Ta;
Technological Training;

* - 3aMONHAETCS B COOTBETCTBHUH ¢ MaTpuieii kommnerenuii u CYII OIT BO
** - 3NIeKTUBHBIC TUCIUIUIMHEI /TIPAKTHKH




4. OFbEM JUCHUILIVMHBI U BUJIbI YYEBHOM PABOTHI

O6mas TpynoeMkocth nucuumuinabl «Machine Learning and Big Data Mining» coctaBisieT «4» 3a4eTHbIC €IUHUIIBI.
Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam 0C80eHUs 0OPA308aMeNIbHOU NPOSPAMMbL 8bICUIE20 00paA308aHUst Oisl OYHOU (HOopMbl
0byueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMeclT pCED)
Koumaxmmnas paboma, ax.u. 20 20
Jlexrun (JIK) 10 10
Jlabopartopusie pabotsl (JIP) 10 10
IMpaktryeckue/cemunapckue 3ansatus (C3) 0 0
Camocmosmenvras paboma 00y4arOWuxcs, ax.u. 88 88
Koumponw (ax3amen/3auem c oyenkoil), ax.u. 36 36
OO01asi TPYI0E€MKOCTh THCHHILTHHBI aK.4. 144 144
3a4.e/1. 4 4




5. COAEPKAHUE JUCIUITVINHBI

Tabauya 5. 1. Cooepoicanue oucyuniunsvt (MOOYis) no 8udam y4ebHou pabomol

Bun
Homep | HammeHnoBaHue pasnena .
a3ena - Copep:xanue pa3aesa (TeMbl) y4eOHo
pasi et padoThr*
. . 1.1 Introduction to modern data analysis JIK, JIP
Paznen 1 Introduction to Machine Machine Learning. Data Mining and Knowledge
A Learning and Data Mining 1.2 . : g 9 g JIK, JIP
Discovery in Data Bases
2.1 The task of clusterization JIK, JIP
K-means and its modifications (k-medoids and
. . . 2.2 . JIK, JIP
Passien 2 Clustering and its basic fuzzy cmeans clustering)
A techniques 2.3 Density-based methods: DB-scan and Mean Shift JIK, JIP
2.4 Hierarchical clustering JIK, JIP
2.5 Criteria of quality JIK, JIP
3.1 The task of classification JIK, JIP
3.2 1-Rules. K-Nearest Neighbours approach JIK, JIP
e . . . 3.3 Naive Bayes. Decision Trees. Logistic Regression JIK, JIP
Classification and its basic - - —
Paznen 3 techniques Quality assessment: precision, recall, F - measure,
3.4 loss-function, confusion-matrix, cross- validation JIK, JIP
and learning curves (ROC, lift etc.)
3.5 Multi-class and multi-label classification JIK, JIP
a1 Freqqent itemsets. Apriori and FP-growth JIK, JIP
algorithms
Frequent Itemset Mining Association rules. Interestingness measures: support
Pasnen 4 and Association Rules 4.2 and confidence. Closed itemsets JIK, JIP
43 Connection W|th_ Lattlce_Thc_aory and Formal JIK, JIP
Concept Analysis. Applications
51 Feature_selectlon versus feature extraction and JIK, JIP
Feature Selection and generation
: . : . Singular Value Decomposition, Latent Semantic
Pasnen 5 | Dimensionality Reduction. . o .
. X 5.2 Analysis and Principal Component Analysis. JIK, JIP
Outlier detection - Y
Boolean Matrix Factorization
5.3 Outlier and novelty detection techniques JIK, JIP
6.1 Collaborative filtering. User-based and item-based JIK, JIP
methods. Slope one
Recommender Svstems Association rules based and bicluster-based
Pazmen 6 . Y 6.2 techniques. Quality assessment: MAE, precision JIK, JIP
and Algorithms
and recall
SVD-based approaches: pureSVD, SVD++ and
6.3 time-SVD. Factorization machines JIK, JIP
Ensemble methods of clusterization for k-means
. 7.1 e . JIK, JIP
Ensemble Clustering and partitions’ aggregation
Paznen 7 e . ———— -
Classification Ensemble methods of classification: Bagging,
7.2 ] JIK, JIP
Boosting, and Random Forest
8.1 Biclustering. Spectral co-clustering. Triclustering JIK, JIP
Multimodal relational 8.2 Two_—mode networks. !:olksonomles and resource- JIK, JIP
Paznen 8 clusterin sharing systems. Multimodal approaches
g Applications: Community detection in Socail
8.3 . . . JIK, JIP
Network Analysis and gene expression analysis
gglfslf(l)ilhglsi?gal Methods Artificial Neural Networks. Basic ideas of Deep
Paznmen 9 9.1 Learning. (Stochastic) gradient descent. Statistical JIK, JIP

Optimization. Elements of
Statistical Learning

(Bayesian) view on Machine learning

npakmuqecme/cemuyapcxue SAHAMUAL.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

* - 3anonusiercs Tonbko 1o QUHOWM dopme obyuenus: JIK — nexyuu; JIP — rabopamopuvie pabomowt; C3 —

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL




CrnenuaJu3supoBaHHoOe
yueOHOe/1adopaTopHoOe
odopyanoBanmue, [10 u
Tun aynuropun OcHaleHue ayauTopun
MaTepHuaJIbl JI1 0CBOECHHS
AUCHUTLITUHBI
(mpu HeOOXOAUMOCTH)
JlexkimoHHas
KoMnbrorepHsii
KJIacc
Jns
CaMOCTOSITENIbHOM
paboThI

* - ayauTOpUs I CAaMOCTOSATENFHON paboThl oO0yuatontixcs ykaspiBaercss OBA3SATEJBHO!

7. YAEBHO-METO/MYECKOE 1 THO®OPMAIIMOHHOE OBECIIEYEHUE JUCIUIIJINHBI

Ocnoenas numepamypa:
1. Han, J., Kamber, M., Pei, J. Data Mining: Concepts and Techniques, Third Edition. —
Morgan Kaufmann Publishers, 2011. — 740 pp.
Jononnumenvnasn numepamypa:
1. Hall, M., Witten, lan H., Frank, E. Data Mining: practical machine learning tools and
techniques. — 2011. — 664 pp
Pecypcuvl ungpopmayuonno-menekommynuxkayuouro cemu « Mnmepremy:
1. ObC PYIH u croponnue DbC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT JOCTYI
HA OCHOBaHUH 3aKJIIOYEHHBIX JOTOBOPOB
- DnekTpoHHO-O0ubMoTeunas cuctema PY/IH — ObC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubimorexa onnan» http://www.biblioclub.ru
- OBC Opaiit http://www.biblio-online.ru
- ObC «KoHcynbpTaHT cTynenTtay www.studentlibrary.ru
- OBC «Tpounukuit MmocT»
2. ba3bl TaHHBIX U TIOUCKOBBIE CHCTEMBI
- JJIEKTPOHHBIN (POH]] TPABOBOM U HOPMATUBHO-TEXHUYECKOM TOKYMEHTALUU
http://docs.cntd.ru/
- nouckoBas cucrema Anaexc https://www.yandex.ru/
- mouckoBas cuctema Google https://www.google.ru/
- pedepatuBHas 6a3a nanubix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuansi 015 camocmosamenvrol pabomol 00y4arOWUXcs npu
0CBOEHUU OUCYUNTUHBL/MOOYAA ™!
1. Kypc nexuuii no nuctunianae «MammHHOe 00ydeHre U aHaIn3 OOJIbIINX JAHHBIX ).

* - Bce y4eOHO-METOINYECKHE MaTepUalbl I CAaMOCTOSTEIbHONH paboThl 00yUYarOIIuXCst
pa3MeIaTCs B COOTBETCTBUU C ICUCTBYIOIIMM MOPsAAKOM Ha cTpanuile quciuruimasl B TYUC!
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