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BCTYII

1. Meta aucuunainm «I'mnboke HaBuanus / Deep Learning» - 03HaiiOMIIEHHS CTYJEHTIB 13
CYYaCHHMH TEXHOJIOTISIMH Ta METOAaMHU IITHOOKOTO HAaBYAHHS, SIK OJTHI€T 13 OCHOBHHUX TalTy3ei
MITYYHOTO iHTENeKTy. [liAroTyBaTH CTYACHTIB 1O €(PEKTUBHOTO BUKOPUCTAHHS CYYaCHHX
METOJiB, TaKUX SIK METOJM MAIIWHHOTO HABUaHHS JUIsl CTBOPEHHS CHCTEM INTYYHOTO
IHTEJIEKTY Y TOAIbININ MpodeciiHiil AIsUTbHOCTI; TOMOMOTTA Ha0yTH HABUYOK MPAKTUYHOT
po0OTH 13 CydaCHUMU MIPOTPAMHHUMH 3aCO0aMU JJIs MOOYOBH IHTEIEKTYaTbHIX MOJICIICH.

/

Discipline aim. The aim of the discipline is to acquaint students with the modern technologies
and methods of deep learning as one of the main branches of artificial intelligence, and modern
methods for solving problems of computer vision and image processing, including obtaining
semantic and metric information from images. To prepare the student for the effective use of
modern methods such as machine learning methods to create artificial intelligence systems in
further professional activities; help to acquire skills of practical work with modern software
for building intelligent models.

2. ITonepeaHi BUMOIH /10 ONIAHYBAaHHS 200 BUOOPY HABYAJIbHOI 1M CIUILIiHN:

1. 3namu: 6a30By TUCHMILTIHY - « MallMHHE HaBYaHHS, BOJIOIITH METOJaMHU MaTEeMaTHYHOTO
aHami3y, JiHIMHOI anredpyu Ta reoMeTpii, Teopii KMOBIPHOCTEH Ta MAaTEMAaTUYHOI CTATHCTHUKH,
IpOoTrpaMyBaHHsI, AITOPUTMIB 1 0OPOOKH CTPYKTYp aHHX.

2.Bmimu: po3poOisaTH, aHai3yBaTH Ta 3aCTOCOBYBATH aJITOPUTMU Ta MPOrpaMHe 3a0e3MeUeHHS IS
PO3B’s3aHHA 3aBJJaHb Ta MPUKIATHUX 33/1a4, BUKOPUCTOBYIOUYH CYyYacHI METOH PO3POOKU IPOTpaM.

/

1. To know: the basic discipline - "Machine Learning", master the methods of mathematical analysis,
linear algebra and geometry, probability theory and mathematical statistics, programming, algorithms
and data structures processing.

2. To be able to: develop, analyze and apply algorithms and software to solve problems and applied
tasks using modern software development methods.

3. AHoTalisi HABYAJIbHOI JMCIUILIiHU / Synopsis of the course:

Hapuanpna mucnumnina «I muboke Hapuanus / Deep Learning» € Cki1aioBOI0 OCBITHBO-
npodeciiHoi mporpaMu  MIATOTOBKHM (PaxiBIIB 3a OCBITHhO-KBai(iKaIIHUM piBHEM
«MaricTpy» ramysi 3HaHb 12 «ludopmartiiiai TexHoorii» cnerianbHocTi 122 «KoMmm'roTepHi
HAYKI», OCBITHBO1 ITporpaMu «MareMaTH4HI METOIM IITYYHOTO iHTEJIeKTy». BoHa € 6a30B010
JTUCIIUIIIIHOIO BY3iB, SIKI CIHEMIaTI3yIOThCs y rainy3i iH(QOpMamiifHUX Ta KOMIT FOTEPHHUX
TEXHOJIOT1H, a TaKoXX €(PEKTUBHUN IHCTPYMEHT PO3B’S3yBaHHS HAyKOBUX Ta IHXKEHEPHHX
3aad.

/

The discipline "Deep Learning" is a component of the educational-professional training
program at the educational-qualification level "Master" in the field of knowledge 12
"Information Technology" specialty 122 "Computer Science", educational program "Artificial
Intelligence". It is a basic discipline of universities specializing in information and computer
technology, as well as an effective tool for solving scientific and engineering problems.
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4. 3aBnanHsa (HaBYaJbHi Wiji) / Objectives of study:

e 3KS. 31aTHICTh CHUIKYBAaTUCS IHO3EMHOIO MOBOIO.

e 3K6. 31aTHICTh BUMTHCS 1 OBOJIOIBATH CYYaCHUMH 3HAHHSIMU.

e CK6. 3naTHiCTh BUKOPUCTOBYBAaTH BUCOKOMPOAYKTHBHI OOUMCICHHS IA 3a7a4 3
MaTEMaTUYHOTO MOJICIIIOBAHHS Ta TPOTHO3YBAaHHS Yy (PyHIAMEHTAIBHHUX 1 TPUKIATHUX
TOCIIDKEHHAX PI3HUX AUCLUUIUTIH, B3a€MOJISATH 3 IHIIUMHU CYTIEPKOMIT FOTEPHUMHU [IEHTPAMHU
VYkpaiau Ta 3apyOiKHHX KpaiH, 371HCHIOBATH CIUIbHY PO3POOKY TEXHOJIOTIH PO3MOAIICHHX
00YHCIIEHb.

e CK?7. 3parHicTh 3aCTOCOBYBAaTM KBAaHTOBI oOIllepallii, BUMIpH, aJTOPUTMHU IS
PO3B’sI3aHHSI 3a/1a4, OB'sI3aHUX 3 0COOIMBOCTSAMH peaiizallii KBAaHTOBHX OOYMCIICHDb B PI3HUX
GhIBUYHUX cHCTeMax, 30KpeMa B KBAaHTOBIM kpuntorpadii.

e CKS8. 3natHicTh BUpIIIyBaTH CKJAIHI 3a/Jadi IHTEJIEKTYaJlbHOI OOpOOKM JaHUX 3
BUKOPHUCTAHHSIM €BOJIIOIIMHOTO MOJIEITIOBAHHS, HEUPOMEPEIKHUX TEXHOJOTIH, 3aCTOCYBaHHS
O0YMCITIOBAIBHOTO 1HTENEKTY JUIsi PO3B’S3aHHS MPAKTUYHUX 3a/ad B PISHUX Tay3sx
npodeciiHOoi qiATbHOCTI.

e CKI18. 3parHicTs aHami3yBaTH Ta BUKOPHUCTOBYBAaTH MaTEMAaTHYHI METOIU
IITY9HOTO 1HTEJIEKTY.

®  OBOJIOJITH HEHPOHHUMHU MEpEKaMH SK OJIHUM 13 CYYacCHHX IMPOBITHUX HAYKOBHX
HaMpPSIMKIB IITYYHOTO 1HTEJIEKTY, @ TAKOX OBOJIOJITH TEXHOJIOTI€I0 PO3B’I3aHHS HIMPOKOTO
KJIacy 3ajJad HayKH Ta TEXHIKH (30Kpema, 3ajad po3Mi3HaBaHHS 300paxeHb, 0OpOOKHU
MPUPOJTHOI MOBH, MOITYKY PIlIEHb, KOMIT IOTEPHOTO 30PY, IHTEJIEKTYyIbHOTO YIIPABIIiHHS) 32
JOTIOMOTOF0 METO/IB, T1IXO0/IB Ta AJITOPUTMIB HEUPOHHUX MEPEXK.

/
Objectives (learning objectives):

e Ability to communicate in a foreign language.

e Ability to learn and master modern knowledge.

e Ability to use high-performance computing for mathematical modeling and
forecasting problems in basic and applied research in various disciplines, to interact with other
supercomputer centers in Ukraine and foreign countries, to jointly develop distributed
computing technologies.

e Ability to apply quantum operations, measurements, algorithms to solve problems
related to the peculiarities of the implementation of quantum computing in various physical
systems, in particular in quantum cryptography.

e Ability to solve complex problems of intellectual data processing using evolutionary
modeling, neural network technologies, the use of computational intelligence to solve practical
problems in various fields of professional activity.

e Ability to analyze and use mathematical methods of artificial intelligence.

e Master neural networks as one of the modern leading scientific directions of artificial
intelligence, and also to master technology of the decision of a wide class of problems of
science and technology (in particular, problems of image recognition, natural language,
processing, search of decisions, computer sight, intellectual management) by means of
methods, approaches and algorithms of neural networks.

5. PesyabTaTH HAaBYAHHA 32 AHcHUILIiHOI0/ Results of learning:

© PaauBonenko O.C., 2020 pik



PesyabTar
HaBuaHus (PH)

®opmu (Ta/ado MmeToaM i

. P " . . Bigcorok
(1. 3HATH; 2. BMITH; TeXHOJIOTil) BUKJIAAaHHA i Meronu ouinoBanHst T2 . Y
3. komyHikauis; 4. ” TP MACYMKOBIN
: HABYAHHSA MOPOrOBUiIl KPUTEPil OLIHIOBAHHSA omimmi 3
ABTOHOMHICTD T2 (32 HeoOXigHOCTI) .
BiINOBiIAIBHICTD) JUCIUILTIHA
Kon PesyabTar HaBYaHHSA
3HATH OCTAHOBKY OCHOBHUX 3a/1a4 Konmponvni pobomu
00po0OKH 300pakeHsb / . 1i2, 60%
. .| Jlexyis / Lecture ’
PH 1.1 To know the formulation of the main % NpAGUNLHUX
tasks of image processing 8ionogioetl, ycHi
3HaTH OCHOBHI MAXOIH 0 Jlekyisn / Lecture 610n086i0i 45%
PO3B’sA3aHHS 337129 KOMIT I0OTEPHOTO Exzamen/
PH1.2 30py / Tests 1,2, 60%
To know the basic approaches to correct answers,
solving computer vision problems exam
3HaTH OCHOBHI MOHATTS Ta MeToau | Jlekyisi / Lecture
MarmuaHOTO HapuaHHA\ To know
PH1.3 the basic concepts and methods of K 6
hine learnin onmpoavha poboma
mac g 3, 60% npasunvHux
3 - Tonain /L 8ionogioetl, ycHi 2504
HaTH OCHOBI%I MOHSTTS Ta ekyis /Lecture | .o oeidi exsaven/ 0
TIPMHIHITI POOOTH ]/HquHHX Test 3, 60% correct
HEHPOHHUX MEPEK answers. exam
PH 1.4 To know the basic concepts and ’
principles of artificial neural
networks
Bwmitu npoBoauTH aHami3 3aaa4i Jlabopamopua
00poOKH Ta po3Mi3HABAHHS poboma, Baxucm
300pakeHp IJIsl BHOOPY HAWKPAILIOTo camocmitina ..
R nabopamopHoi o
PH 2.1 MeToy ii po3B’si3aHHs/ poboma/ 10%
pobomu/ laboratory
Be able to analyze the problem of Laboratory
. . o o work defense
image processing and recognition to | work, individual
choose the best method for solving it work
Bwmitu opmymoBatu npodecitini Jlabopamopnua
3aBIaHHS HAa MOBi MaIIMHHOTO poboma,
HaBYaHHSI 1 OCHOB1 ()OPMYITIOBAHD camocmitna
0a30BHX 337124 KOMITIOTEPHOTO poboma/ 3axucm
30py/ Be able to formulate Laboratory nabopamopHoi o
PH2.2 . L0 10%
professional work, individual | po6omu/ laboratory
tasks in the language of machine work work defense
learning and on the basis of
formulations of basic problems of
computer vision
BwmiTu 3acTocoByBaTH METOIN Jlabopamopnua
KOMIT FOTEPHOTO 30 boma,
R p py At podoma 3axucm
PO3B’si3aHHs MPUKIATHUX 3a1a4/ Be camocmiiina aBODAMODHO
PH2.3 able to apply computer vision poboma/ pAImop 10%
. pobomu/ laboratory
methods to solve applied problems Laboratory

work, individual
work

work defense

6. CniBBilHOIIEHHS Pe3yJbTATIB HABYAHHA IMCHUILUIIHM i3 NPOrpaMHUMH pe3yJbTaTaMH
HABYaHHS (He00OB’SI3KOBO /Jis1 BHMOIPKOBMX [WCHUILIIH, SIKi He BXOIATH 10 OJIOKIB
cneniauaizanii) / / Correspondence between learning results and program study results.

Pe3yabTaTu HaBYaHHS JUCHUILTIHA

I[IporpamHi pe3yJbTaTH HABYAHHS

PH
1.1

PH
1.2

PH
1.3

PH
1.4

PH
2.1

PH
2.2

PH
2.3

(3 onucy ocgimmubo-HaAyK08oi npoepamu)
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ITPHY9. Bosoxith MeToJaMud Ta  TEXHOJOTISIMHU
opramizamii Ta 3acTOCyBaHHS JaHUX Yy 3aJadax
OOYMCIIIOBAJILHOTO ~ IHTENEKTY, OyayBaTH  MoJeii
NPUKAHATTS pIlIEHb HAa OCHOBI TeOpii pO3Mi3HaBaHHSI
o0pa3iB, HelipoMepek Ta HEUITKOI JIOTIKH.

/ + |+ |+ |+
Know methods and technologies of data organizing and
application in the tasks of artificial intelligence, build
decision making models in the terms of image
recognition theory, neural networks and fuzzy logic.

IIPH16. 3natu Ta BMITH 3aCTOCOBYBATH MaTeMaTH4HI
METO/H MITYYHOTO iHTEJIEKTY.

/ + | + + |+ | +
Know and be able to apply mathematical methods of
artificial intelligence.

7. Cxema ¢popMyBaHHS OLiHKH.
7.1. ®opMu OLIHIOBAHHSA CTY/EHTIB:
- ceMeCcTpOBe OLiHIOBAHHS:
1. Axmusna poboma na nekyii, ycui ionosioi: PH1.1, PH1.2, PH1.3, PH1.4 — 5 6anis/3
Oanu;
2. Buxouanns 3a60ams, uHecenux Ha camocmitny pooomy: PH2.1, PH2.2, PH2.3 - 10
OauiB/6 OaiB;
3. Koumponvna poooma 1: PH1.1, PH1.2 — 10 6anis/6 6anis;
4. Koumponvna poooma 2: PH1.3 — 10 6aniB/6 6aris;
5. Konmpoavna poooma 3: PH1.4 — 10 6ani/6 6aris;
6. Jlabopamopua poooma: PH2.1, PH2.2, PH2.3 — 15 6ani/9 6aui..
- MiJICyMKOBE OLiHIOBAHHSI: €K3aMEH.
- MAKCUMANIbHA KiTbKiCMb 6ai6 Ki Modcymsb Oymu ompumani cmyoenmom: 40 6amnis;
- pe3ynibmamu Hag4yanHs ki 6yoyms oyintosamucy: PH1.1, PH1.2, PH1.3, PH1.4;
- hopma nposedenns i 6uou 3a60aHb. TUCHMOBA.

7.2. Oprani3auisi OiHIOBAHHS:
OO0O0B’3KOBUM € BHKOHAHHS 3aBJIaHb, BUHECEHNX HA CAMOCTIiHY poOOTy Ta J1abopaTtopHOl
poboTH 3a rpadikoM poOOIOi IPOTPaMH.

Tepminu npoBenenHst popm ON[iHIOBAHHS:
1. Konmponvua poooma 1: PH1.1, PH1.2 — 00 4 muoicns cemecmpy;,
2. Konmponvna poboma 2: PH1.3 — 0o 8 muoicnsa cemecmpy,
3. Konmpoavna poboma 3: PH1.4 — 0o 12 muoicns cemecmpy;
4. Jlabopamopra poboma: 0o 14 mudicHs cemecmpy.

VY BUMaJKy BiZICYyTHOCTI CTy/AEHTAa 3 TMOBKHMX IPUYUH BIATPAIIOBAHHS Ta Iepe3ada
71a00paToOpHOT POOOTH 3IMCHIOETHCS Y BIAMIOBITHOCTI JI0 ,,I[0JI0MKEHHS TIPO TIOPSIIOK OIIHFOBAHHS
3HaHb CTYJICHTIB TPU KPEIUTHO-MOAYJIbHIM CHUCTEM1 OpraHizailii HaBYaJbHOro mporiecy’ Bim 1
#oBTHs 2010 poky.

7.3. lIkaJja BignoBiaHOCTI OL[IHOK
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Bigminno / Excellent 90-100
Joope / Good 75-89
3anoBiabHo / Satisfactory 60-74
He3zanoBinbho / Fail 0-59

8. CTPYKTYPA HABYAJIbHOI JUCHUILJIIHUA

TEMATUYHWN IIAH JIEKIIA 1 JABOPATOPHHUX 3AHSTH

Ne Kinexicte ronua
ek Hassa nexuii Ceminapu/ CgivIOCT
1 Jlexmii | maGoparop | iifHa

Hi pobora
Yacruna I. OcHOBM TeXHOJIOTIl HEPOHHUX Mepesk/
Part 1. Basics of a neural network technology
1 Tema 1. Berynm g0 mTy4HHMX HEHPOHHUX MeEpEx/ 10
Introduction to artificial neural networks.
/ 2
Topic 1. Introduction to artificial neural networks.
2 Tema 2. [IpencTaBiieHHs JaHUX JJI1 HEUPOHHOI Mepexi 10
/
Topic 2. Representation of data for neural networks. 2
3 Tema 3. 3ropTKoBi HEHPOHHI MEPEKI. 2 10
/
Topic 3. Convolutional neural networks. 2
4 Tema 4. PexypcuBHI HEHpOHHI Mepexi. Mepexa IOBroi 2 10
KOPOTKOYACHOT TIaM ’SITi.
/
Topic 4. Recursive neural networks. Long short-term 4
memory network.
Konmponvna poooma 1/ Control work 1
Yacruna II. I'muOuHHI Mepexi nepexkoHaHb /
Part I1. Deep belief networks

5 | Tema 5. Mopens rIMOMHHOT MepexXi epeKOHaHb.

/ 2 10
Topic 5. The model of deep belief network.
6 Tema 6. ['1nOunni Mmamuau boaprivana.
/ 2 1 10
Topic 6. Deep Boltzmann Machines.
7 | Tema 7. CxiafeHi 3HeITyMIIIOBaJIbHI aBTOKO/1yBaJIbHUKH.
/ 2 1
Topic 7. Stacked denoising autoencoders.

8 | Tema 8. 3mimani iepapX19HO-TITHOMHHI MOJIETI.

/ 2 1 10

Topic 8. Compound hierarchical-deep models.
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Koumponvna poooma 2 / Control work 2

Yacruna II1. 3acrocyBanHs riin00Koro HaB4aHHs /
Part I11. Application of deep learning

9 | Tema 9. BuxopucranHs TAHOOKOTO HaBYaHHSA B
po3Ii3HaBaHHI 300pakeHb, 0OPOOIT MTPUPOTHOT MOBH Ta B
6ioiHpopmaTuIi.

/ 4 1 6
Topic 9. Applications of deep learning to image
recognition,  natural  language  processing  and
bioinformatics.

10 | Tema 10. Teopii JIFOACHKOTO MO3KY.
/ 4 2 6
Topic 10. Theories of human brain.

Koumponvna poooma 3 / Control work 3

BCbHOI'O 26 10 ]2

3araneHuii 0ocsr 120 2o0un, B Tomy duci:

Jlexuiit — 26 2o0umn.

Koncynbraniii — 2 coounu.

JlaGopatopsi pobotu -10 ronuH, Camocrtiiina pobota — 82 2odun.

9.

© ©®No o~ WN-=

10.

1.

12.
13.

PEKOMEHJIOBAHI J’KEPEJIA
Ocnoeni / Main:

Ian Goodfellow. Deep Learning, MIT Press, 2017
Richard Szeliski. Computer Vision: Algorithms and Applications, Springer, 2010
Stephen Marsland. Machine Learning: An Algorithmic Perspective, 452 p., 2015.

Christopher M Bishop. Pattern recognition. Machine Learning, 128 p., 2006.

Ethem Alpaydin. Introduction To Machine Learning, 584 p., 2009.

Tom M. Mitchell. Machine Learning [http://www.cs.cmu.edu/~tom/mlbook.html]

Yaser S. Abu-Mostafa. Learning from data, 215 p., 2017

Alex Smola. Introduction to Machine Learning, 234 p., 2008.

Trevor Hastie, Robert Tibshirani, Jerome Friedman. The Elements of Statistical Learning: Data
Mining, Inference and Prediction, 764 p., 2008.

Mooamkoei / Additional:

Simon J.D. Prince. Computer Vision: Models, Learning, and Inference.- Cambridge: Cambridge
University Press. - 567 p.- 2017.[ http://www.cambridge.org/].

Andrej Karpathy. The unreasonable effectiveness of recurrent neural networks.
http://karpathy.github.i0/2015/05/21/ rnn-effectiveness/, 2015. Online; accessed 11-December.
Andrew Moore. Statistical Data Mining Tutorials [http://www.autonlab.org/tutorials/]

Pierre Baldi and Seren Brunak. Chapter 6. Neural networks: applications. In Bioinformatics: The
Machine Learning Approach. MIT press, 2001.
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