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1. Mera mucuumiainm «Heviponni mepexi/ Neural Networks» - o03HallOMJICHHS CTYICHTIB 3
OCHOBaMU 3TOPKOBHMX HEHPOHHUX MEpEX, K OHI€T 13 OCHOBHUX Tally3ed IITYYHOTO iHTEJEKTY, Ta
CY4aCHUMHM METOJIaMH PO3B'S3aHHs 3a7jauy KOMI'IOTEPHOr0 30py 1 00poOKH 300paxeHb, BKIIOYAI0UH
OJIepKaHHS ceMaHTHYHOi 1 MeTpu4HOi iHdopmamii i3 300paxensp. llinroryBaTu cryaeHTa 10
e(eKTUBHOIO BUKOPHCTaHHA CyYaCHMX METOMIB TakKuX, SK METOAM MALIMHHOIO HABYAHHS IS
CTBOPEHHS CUCTEM INTYYHOTO IHTENEKTY y TMOJaIbIIiil podeciiiHiil TiSIbpHOCTI; JOTIOMOI'TH Ha0yTH
HaBUUYOK MPAKTUYHOI pOOOTH 13 Cy4YaCHUMHU MPOrpaMHUMU 3ac00aMHU [l TOOYIOBH IHTENEKTYaIbHUX
Mozene.

/

Discipline aim. The aim of the discipline is to acquaint students with the basics of convolutional
neural networks 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. Ilonepeani BUMOrY 10 ONIAHYBaHHSI 200 BUOOPY HABYAJIBbHOI AMCUUILTiHM:

1. 3namu: 6a30Bi TUCIMIUTIHU — MaTepial KypciB «MaTeMaTuaHuil aHami3», «JliniitHa anredpa i
reomeTpis», «Teopis IMOBIpHOCTEH 1 MaTeMaTHYHa CTaTHCTUKAY, «[IporpamMyBaHH»,
“O0unciIIoBalIbHA TEOMETPIsl Ta KOMIT FOTepHA Tpadikay, «AITOPUTMH i CTPYKTYPH JTaHUX»,
«MamuHHe HaBYaHHS.

2.Bmimu: po3poOJIsATH, aHAJII3yBaTH Ta 3aCTOCOBYBATH AJIFOPUTMU Ta MPOrpaMHe 3a0e3neueHHs s
PO3B’sI3aHHS 3aB/IaHb Ta MPUKIATHAX 33/1a4, BUKOPHUCTOBYIOUH Cy4acHI METOAH PO3POOKH IPOTpam.

/

1. To know: the basic disciplines - "Mathematical Analysis", "Linear Algebra and Geometry",
"Probability Theory and Mathematical Statistics", "Programming", "Computational Geometry and
Computer Graphics", "Algorithms and Data Structures", "Machine Learning" .

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

3. AHoTania HaBYaAJIbHOIL AucHuILTing / Synopsis of the course:

Hapuanpna aucnummutina «Heviponni Mepexi/ Neural Networks» € CKIIaoBOIO OCBITHBO-
HAYKOBOI MPOTrpaMH MiATOTOBKU (axiBIiB 32 OCBITHHO-KBaTI(IKAIIIHHUM PIBHEM «MAaricTp» ramysi
3HaHb 12 «ladopmamiitai TexHomorii» cnemiambHOcTi 122  «Komm'toTepHi Hayku», OCBITHBOT
nporpamu «llITyanwnii iHTenexkT». Bona € 6a30B00 AUCIUILIIHOIO BY3iB, SIKi CIICHIai3yIOThCS y TaTy3i
iHhOpMaIlIHHIX Ta KOMII IOTEPHUX TEXHOJIOTiH, a TakoX €(EeKTUBHUN IHCTPYMEHT PO3B’SI3yBaHHS
HAYKOBHUX Ta IH)KCHEPHHUX 3a/1a4.

/

The discipline "Neural Networks" is a component of the educational- scientific 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.

4. 3ananns (HaBuajbHi wini) / Objectives of study: oBononiTH HEHPOHHUMU MEpEKaAMH SIK
OJTHMM 13 Cy4acCHHMX INpPOBIJHUX HAYKOBUX HAIPSIMKIB IITYYHOI'O 1HTEJEKTy, a TAaKOK OBOJIOAITH
TEXHOJIOTI€10 PO3B’sI3aHHS IIUPOKOI0 KJIACy 3a/1a4 HayKH Ta TEXHIKH (30KpeMa, 3a/1a4 po3IMi3HaBaHHS
300pakeHb, 00pPOOKH MPUPOIHOI MOBH, HOLIYKY PillIeHb, KOMII FOTEPHOTO 30pY, 1HTEIEKTYyaJIbHOIO
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yIpaBIiHHA) 32 JOMOMOTOK METOMIB, MiAXOMIB Ta alTOPUTMIB HEHPOHHUX MEpEekK. 30Kpema,

pO3BHBATH:

. 31aTHICTh CUTKYBATUCS IHO36MHOIO MOBOIO.

. 3maTHiCTh aHai3yBaTH Ta BUKOPUCTOBYBATH IHTEJIEKTYalbHI iH(pOpMaIIiiHi TEXHOJOTI].

. 31aTHICTE 10 TPOEKTYBaHHS Ta peaii3alil CUCTEM INTYYHOIO IHTENIEKTY Ha Cy4YacHHUX

OOYHCITIOBAJIBHUX CUCTEMAaX

/

Objectives (learning objectives): to 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. In particular it aims to develop:

. Ability to communicate in a foreign language.
. Ability to analyze and use intelligent information technology.

* Ability to design and implement artificial intelligence systems on modern computing systems.

5. Pe3ysJbpTaTi HaBYaHHA 3a qUcuuIUIiHO0/ Results of learning:

Pesyabrar
napuyanas (PH)
(1. 3naTum; 2.

BMiTH; 3. ®opmu (Ta/abo MeToaH i Bincorok y
KOMYHikanifa; 4. | TeXHOJOrii) BUKIAaJaHHA i MeTtoau oniHIOBaHHA T HiICyMKOBI
ABTOHOMHICTh HABYAHHS MOPOroBuii KpUTepiii i oninmi 3

Ta OLiHIOBAHHS (32 HEOOXigHOCTI) | AUCHUIJIIH
BiAnmoBigajabHicT "
b)
Kon Pe3yabTaT HaBYaHHS
3HATH TTOCTAHOBKY OCHOBHHUX
3a/1a4 00poOKH 306pa>.1<eHL / Texyin/
PH 1.1 To know the formulation of
. . Lecture
the main tasks of image Konmponvna
processing poboma
3HATH OCHOBHI TiIXOJH JI0 Jlexyis / / 20%
pO3B’s3aHHS 33124 Lecture Test
KOMII’ FOTEPHOTO 30Dy /
PH 1.2 .
To know the basic approaches
to solving computer vision
problems
3HaTH OCHOBHI IIOHATTS Ta Jlexyis /
METOJIH MAIlIUHHOTO Lecture
PH 1.3 naBuaHHs\ To know the basic Konmponvna
concepts and methods of poboma
machine learning / 20%
Test
3HaTH OCHOBHI ITOHATTS Ta Jexyis /
PH 1.4 MPUHIIAIK POOOTH IITYyYHUX | Lecture
HEHPOHHUX MEpex /
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To know the basic concepts
and principles of artificial
neural networks
Bwmitu npoBoauTH aHai3
' IPOBOL Jlabopamopn | Axkmusna poboma
3aa4i oOpoOKu Ta
. a poboma, HA 3aHAMMSIX,
po3Mi3HaBaHHs 300pakeHb o o N
. camocmitna YCHi 810n086i0i,
JUIs BUOOPY HAHKPAIIOTro
, poboma/ KOHMPOIbHA 0
PH 2.1 MeToay ii po3B’s3aHHs/ 20%
Laboratory poboma/
Be able to analyze the problem . :
. : work, Active work in the
of image processing and S
> individual classroom, oral
recognition to choose the best
. work answers, Test
method for solving it
BwmiTtu popmysroaTi JlabopamopH
npodeciiini a poboma,
pod . podom Axmuena poboma
3aBJaHHSA HAa MOBI MAallIMHHOTO | CAMOCMIlIHA
. . HA 3aHAMMSX,
HaBYaHHS 1 OCHOBI poboma/ . N
YCHi 8i0n08i0i,
¢dopmymroBanb 6a30BuX 3amad | Laboratory COHMDONHG
PH2.2 KoMITIoTepHOTO 30py/ Be able | work, P 20%
; S poboma/
to formulate professional individual . .
. Active work in the
tasks in the language of work
. . classroom, oral
machine learning and on the answers. Test
basis of formulations of basic ’
problems of computer vision
Bwmitu 3acrocoByBati meroau | Jlabopamopwn | Axkmusna poboma
KOMIT FOTEPHOTO 30pY JUIs a poboma, HA 3aHAMMSIX,
PO3B’sI3aHHS TPUKIATHAX camocmitna yCHi 610n086i0i,
PH 2.3 3anau/ Be a-bl‘e to apply poboma/ KOHMPOIbHA 20%
computer vision methods to Laboratory poboma/
solve applied problems work, Active work in the
individual classroom, oral
work answers, Test

6. CniBBifHOUIEeHHs1 Pe3yJbTATIB HABYAHHS IMCUUILUIIHM i3 NPOrpaMHUMH pe3yJbTaTaMHu
HaBuyaHHs / Correspondense between learning results and program study results

Pe3yiabTaTu HaBYaHHSA PH | PH |PH PH |PH | PH | PH
JTUCHMILIIHA 1.1 | 1.2 |13 |14 | 2.1 | 2.2 |23
IIporpamHui pe3yJibTaTH HABYAHHSA
(3 onucy oceimuvoi npocpamu)
MNPH18.1. 3matm 1  3acTOCOBYBaTM  METOJHU
IHTEJIeKTYaJIbHOTO ~ aHalli3y JaHuX Ta IITYYHOIo
IHTEJIeKTy, L0 BKJIIOYAIOTh METOAM KOMII IOTEPHOL
J/'IIHFBICTI/IKI/I Ta KOMII ' FOTEPHOTO 30DYy. s lel el + 1+ 1+ +
PLO18.1. To know and apply methods of data mining
and artificial intelligence, including methods of
computer linguistics and computer vision
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7. Cxema ¢opmyBanHs oninku / Mark forming scheme.
7.1 ®opmu oniHOBaHHA cTyaeHTIB / Student evaluation forms:
- ceMecTpoBe olliHIOBaHHsA/evaluation in semester:

1. Axmuena poboma na nexyii, ycui gionogioi: PH2.1, PH2.2, PH2.3 — 10 GaniB / 6 6amiB;

2. Koumponvua poboma 1: PH1.1, PH1.2, PH2.1 — 30 6aniB / 18 Gamnis;

3. Konmponvua poboma 2: PH1.1, PH1.3, PH2.2 — 30 Ganis / 18 GauiB;

4. Konmponvua poooma 3: PH1.1, PH1.4, PH2.3 — 30 GaniB / 18 GautiB.
- mizcymkoBe ouiHBaHHs (y ¢opmi 3ajiky)/final evaluation (credit)’
- 3anikoBi OanyM BH3HAYAIOTHCS SK CyMa OI[IHOK/OaiiB 3a BCiMa YCHINIHO OLIHEHUMH pe3yJIbTaTaMu
HaBYaHHs, Nepe0aueHuMH JaHOI0 IPOrPaMolo.
- O1iHKY HIKYE BiJl MiHIMAIBHOTO TIOPOTOBOTO PiBHS HE JOAAIOTHCS.
- MiHimManpHUI HOPOrOBUM PiBEHb JJIsi CyMapHOi OLIHKY 3a BCiMa KOMIIOHEHTaMH CTaHOBUThL 60%
BiJl MAKCHUMaJIbHO MOJINBOI KIJIBKOCTI OasiB.

/

1. Active work in the classroom, oral answers: 1L.O2.1, LO2.2, LO2.3 — 10 points / 6 points;
2. Test 1: LO1.1, LO1.2, LO2.1 — 30 points / 18 points;

3. Test 2: LO1.1, LO1.3, LO2.2 — 30 points / 18 points;

4. Test 3: LO1.1, LO1.4, LO2.3 — 30 points / 18 points.

- Credit points are defined as the sum of grades / points for all successfully assessed learning
outcomes provided by this program.

- Scores below the minimum threshold are not added.

- The minimum threshold for the total assessment of all components is 60% of the maximum
possible number of points.

7.2. Opraxi3zanis oniHIOBaHHA:
Tepminu npoBegeHHs1 GopM OLiHIOBAHHS:

1. Axkmuena poboma ua nexyii, ycHi 6i0n0Gi0i: MPOTATOM CEMECTPY;
2. Konmpoavna poboma 1: 10 5 THXKHS CEMECTPY.

3. Konmponvua poboma 2: no 10 THKHS ceMecTpy.

4. Konmpoavna poboma 3: 10 14 THXKHS ceEMECTpy.

CTyneHT Mae TpaBO Ha OJHE NEPECKIAJaHHSA KOXKHOI KOHTPOJIBHOI POOOTH i3 MOKIIMBICTIO
oTpuMaHHA MakcuManbHO 80% MOYaTKOBO BH3HAYEHHUX 3a II0 KOHTPOJBbHY poOotry OamiB. Tepmin
NepecKiIaJaHHs] BU3HAYAEThCS BUKIAaueM.

VY BunajKy BiICYTHOCTI CTyZ€HTa 3 MOBAYKHUX NMPUYMH BiJIIPAIfOBaHHS Ta Mepe3adi KOHTPOJIbHUX
pOOIT 3MICHIOIOTHCS Y BiMOBIIHOCTI J0 ,,[[070EeHHS PO MOPSAIOK OI[iHIOBAHHS 3HAHb CTYJCHTIB
MpH KPETUTHO-MOAYNbHIHM cucTeMi opraHizaiiii HapdanbHOTO Tiporiecy” Bia 1 sxoBTHS 2010 poky.

/

Terms of evaluation forms:

1. Active work in the classroom, oral answers: during the semester.;

2. Test I: up to 5 weeks of the semester.

3. Test 2: up to 10 weeks of the semester.

4. Test 3: up to 14 weeks of the semester.
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The student has the right to one retake of each test with the possibility of obtaining a maximum of 80%
of the points initially determined for this test. The term of reassembly is determined by the teacher.
In case of absence of a student for valid reasons working off and transfer of tests are carried out
according to "Regulations on the order of an estimation of knowledge of students at the credit-modular
system of the organization of educational process" from October 1, 2010.

7.3 llkana Bignosianocti ouinok / Mark correspondence scale
3apaxoBano / Passed 60-100
He 3apaxoBano / Failed 0-59
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8. Crpykrypa HaBuaabHOI AucHMIUIiHM. TeMaTHuyHMii MIaH JeKIiHHUX Ta JadopaTOpHUX
3anaThb / The discipline structure. Lectures and Labs curriculum

Ne KinexicTe rogun
ﬁeKu Ha3zga nekmii .. | Jlaboparo C?iv[ oct
Jlexmii . 1iiHa
pHi
poboTta
Yactuna I. KomnoneHTH HeiipoHHOI Mepeki/
Module I. “Components of a neural network”
1 Tema 1. Berym 10 WTYyYHHX HEHPOHHHX MeEpPEk/ 10
Introduction to artificial neural networks.
Camocmitina poboma:
IIpoBecTy aHai3 MporpaMu i 3MicTy Kypcy Ta
PEKOMEH/I0BaHO] JIiTepaTypHu. 5
/
Theme 1. Introduction to artificial neural networks.
Individual work:
To analyze the program and course content, as well as
recommended literature.
2 Tema 2. [IpeacraBieHHs JaHUX JJI1 HEHPOHHOT MEPEKi 10
Camocmitina poboma:
Onwucatu BXiJHi 1aHi y GopMarti, IpUAATHOMY IS
CIIPUITHATTS. HEHPOHHOIO MEPEXKEIO.
/ 1
Theme 2. Representation of data for neural networks.
Individual work:
To describe the input data using in the format applicable
for the neural networks.
3 Tema 3. JlimiiiHuii Ta 3rOpTKOBHWI IIapu HEHPOHHOT 2 10
Mepexi.
Camocmitina poboma:
Jnst mpukItaniB 300paeHb 3aCTOCYBAaTH 3TOPTKOBHH IIAp
Ta JHITHAHT 1map.
/ 4
Theme 3. Linear and convolutional layers of a neural
network.
Individual work:
To apply linear and convolutional layers to examples of
images.
4 Tema 4. Oynkmii axTHBamii, MeTOAW 3MEHIICHHS
MPOCTOPOBOI PO3MIPHOCTI PO3MIPHOCTI, PEKYPEHTHI MIapH.
Camocmitina poboma:
3acTocoByBaTH (DyHKIII{ akTHBALI1 Ta METOIU 3MEHIIICHHS
po3MipHOCTI - max pooling, average pooling, pekypeHTHi )
mapu - LSTM, GRU 2 10
/
Theme 4. Activation functions and spatial downsampling
methods, recurrent layers.
Individual work:
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To apply activation functions and downsampling methods
- max pooling, average pooling, recurrent layers - LSTM,
GRU.

Koumponwvna poboma 1/ Control work 1 2

Yactuna II. TpeHyBaHHA HelipPOHHMX Mepe:K Ta OLIHKA SIKOCTI/
Module II. Training and evaluation of neural networks

Tema 5. Tlomsarts QyHKIII BTpaT, OCHOBHI THITH
QITOPUTMIB HABYAHHS.

Camocmitina poboma:

3acTocyBaTu HEOOXiIHY (DYHKIIIFO BTPAT BIATIOBIAHO 10
3aJ1a4i, 00paTH HEOOXiJHUI METO]T HABYAHHS Ta

BHCTaBUTH HEOOX1HI mapameTpu st 3015KHOCTi. ) 10
/

Theme 5. Loss functions, main types of learning

algorithms.

Individual work:

Apply loss functions and setup applicable learning
algorithm for the task.

Tema 6. OCHOBHI METPUKH JJIS1 OIIIHKHU SKOCTI - TOUHICTb,
precision, recall, PR-kpuBa, kpocc-Baminaitis.
Camocmitna poboma:

OrmpaioBaTy METOM OLIIHFOBAHHS SIKOCTI.

/ 2 2 10
Theme 6. Main evaluation metrics - accuracy, precision,
recall, PR-curve, cross-validation

Individual work:

To develop methods of evaluation.

Tema 7. [ligroTroBKa HaBYAIBHOI Ta TECTOBOI BUOIPKH.
Camocmitina poboma:

OnpairoBaTdt METOJIU MiATOTOBKY BUOIPOK JaHHX.

/ 2 2
Theme 7. Preparation of training and testing datasets
Individual work:

To develop methods of dataset preparation.

Tema 8. TloHATTS TepeHaBYaHHS, METOAM CTabimi3arii
NpoIIeCy HaBYaHHS Ta TMOKPAIICHHS 301KHOCTI.
Camocmitina poboma:

OmpariroBaTv aITOPUTMH TTOKPAIIEHHS 301KHOCTI.

2 2 12
/
Theme 8. Overfitting, stabilization methods for training.
Individual work:
To develop algorithms for training stabilization.
Koumpoavna poboma 2/ Control work 2 2

Yactuna III. Orasg cyyacHux apXiTeKTyp HEHPOHHUX Mepesk/
Module III. Review of modern neural network’s architectures

Tema 10. OcHOBHI 3a/1a4i 3 BUKOPUCTaHHIM HEHPOHHUX
MEpEXK. 2 2 10
Camocmitina poboma:
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OrmpairoBaTy OCHOBHI 33/[a4i KOMIT FOTEPHOTO 30py Ta
00pOOKY IPUPOTHOT MOBH, TSI PILICHHS STKUX
BUKOPHCTOBYIOTHCSI 3TOPTKOBI HEHPOHHI MepexKi.

/

Theme 10.The main tasks neural networks applied for.
Individual work:

To develop the main tasks of computer vision and natural
language processing neural networks applied for.

10 | Tema 11. Ornsg OCHOBHUX apXiTEKTYp.
Camocmitina poboma:

OmpairoBaTi OCHOBHI THITH apXiTEKTYp.
/ 2 2 10
Theme 11.Review of the main architectures.

Individual work:

To develop the main types of architectures.

Konmponvna poboma 3 2

BCbOI'O 28 14 106

3araneauii o0csr 120 200un, B TOMy 4HCi:
Jlexiii — 28 zooum.
JlaGopartopHi po6otu -14 roaun, CamocriiiHa podoTa — 92 200unu.

9.
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13.

14.

15.

PexomennoBani mxepesa/Literature:
Ocnosni / Main:

Ian Goodfellow. Deep Learning, MIT Press, 2017
Richard Szeliski. Computer Vision: Algorithms and Applications, Springer, 2010
HaBun A. dopcaiit, XKan [Tonc. KomnesrorepHoe 3penue. CoBpemeHHbIN moaxoa, 2004

Jluaga Wanmpo, xopmx Crokman. KommeiotepHoe 3penue. Jlaboparopus 3Hanuii. 2013
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., 20009.

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.
. Jrorep [x.®D. CKyCCTBEHHBIN HHTEIUICKT: CTPATETUH U METO/IbI PEIICHHSI CII0KHBIX TPOOIIEM. —

M.: Bumbsamc, 2005. — 864 c.

. Trevor Hastie, Robert Tibshirani, Jerome Friedman. The Elements of Statistical Learning: Data

Mining, Inference and Prediction, 764 p., 2008.

Jlooamkoei / Additional:

Pytkosckasd 1., IIunuabeckuit M., PyrkoBcknii JI. HelipoHHBIE CETH, TEHETHYECKHE AITOPUTMBI U
HeueTkue cuctemsl: [lep. ¢ moneck. M. . Pynunckoro. — M.: ['opsauas nuaus-Tenexkom, 2004. —
452 c.

Paccen C., HopBur II. MckyccTBeHnblii nntemnekt. CoBpeMeHHbIH nonxon . — M.: Bunbsamc,
2006. — 1408 c.

Simon J.D. Prince. Computer Vision: Models, Learning, and Inference.- Cambridge: Cambridge
University Press. - 567 p.- 2017.[ http://www.cambridge.org/].
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16. Andrej Karpathy. The unreasonable effectiveness of recurrent neural networks.
http://karpathy.github.i0/2015/05/21/ mn-effectiveness/, 2015. Online; accessed 11-December.

17. Andrew Moore. Statistical Data Mining Tutorials [http://www.autonlab.org/tutorials/]

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