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1. Mera qucomiurinm «MammHHe HaBuaHHs 3 migkpimieHHsM/Reinforcement Learningy -
03HAHOMJICHHS CTYCHTIB 3 OCHOBAaMHU MAIIMHHOT'O HaBYaHHS 3 MIJKPIILICHHSM, K OJIHI€T 13
OCHOBHHUX Tajly3ed MITYYHOT'O IHTEJICKTY, Ta CyYaCHHMH METOJaMH PO3B'S3aHHS 3ajJ1ad
MOOYJIOBH QJTOPUTMIB TPHUHATTS pimieHb. IligroryBaru cryieHTa 10 €(EKTHBHOTO
BUKOPUCTAHHS CyYaCHUX METOJIIB TAKUX, SIK METOJM MAIIMHHOTO HABYAHHS IS CTBOPEHHS
CHUCTEM INTYYHOT'O IHTEJICKTY Yy MOJaIbIIii mpodeciitHiii MisiIbHOCTI; JONMOMOITH HaOyTH
HAaBHYOK MPAKTHYHOI POOOTH 13 CydaCHUMH MIPOTrpaMHUMH 3aco0aMu ISl TOOYIOBH
IHTEJIEKTYaJIbHUX MO/ICIICH.

/

Discipline aim. The aim of the discipline is to acquaint students with the basics of
reinforcement learning as one of the main branches of artificial intelligence, and modern
methods for solving problems of building decision-making algorithms. 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. IlonepenHi BUMOrY 10 ONIAHYBAHHA 200 BUOOPY HABYAJIbHOI AU CHUIIIHM:

1. 3namu: 6a30Bi qucuMILUIiHY - «MaTeMaTHIHUN aHaNi3y, «JIiHiiiHa anreOpa i TeomeTpis», «Teopis
HMOBIpHOCTEH 1 MaTeMaTHYHa cTaTUCTHKaY, «[IporpamyBanns», “O04yncIioBaIbHA TEOMTPIs Ta
KOMIT I0TepHa rpagika»,«AJITOpUTMHU 1 CTPYKTYPH JaHUX», «MalllMHHE HaBYaHH».

2.Bmimu: po3po0IIATH, aHAII3yBaTH Ta 3aCTOCOBYBATH AJITOPUTMH Ta IPOTpaMHE 3a0e3NeUeHHS IS
PO3B’s13aHHS 3aB/IaHb Ta MPUKIATHAX 33/1a4, BUKOPUCTOBYIOUYH Cy4acHI METOIH 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. AHoTauis HaB4YaJAbLHOI AucuuIIinK / Synopsis of the course:

HapuansHa mucnmruiina «MammHHE HaBYaHHS 3 miakpimuieHHsM/Reinforcement Learning» €
CKJIQJIOBOIO  OCBITHBO-MPO(ECIHHOI MporpaMy MIATOTOBKM  (DaxiBIIIB 32 OCBITHBO-
KBamiQiKaiiHUM piBHEM «Marictp» raiay3i 3HaHb 12 «lHpopMamiiHi TEXHOIOTID»
cnerianbHOCTI 122 «KoMm'toTepHi Haykuy», OCBITHBOI mporpamu «LlITyunuii iHTeIeKT». BoHA
€ 0a30BOI0 JUCIUILIIHOIO BY3iB, fKI CICMIATI3yIOThCA y Taly3i iHQOpMaliiHUX Ta
KOMIIT FOTEPHUX TEXHOJIOTIH, a TAKOK €(PEKTHUBHHUI IHCTPYMEHT PO3B’SI3yBaHHS HAYKOBUX Ta
IH)KEHEepHUX 3a]1a4.

/

The discipline "Reinforcement 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.

4. 3apnanns (HaBuaJbHi wmigi) / Objectives of study: oBoi0ITH HEHPOHHUMH MEpPEKAMU K
OJIHUM 13 CyYacHUX TMPOBITHUX HAYKOBHUX HAINPSMKIB IITYYHOrO IHTEJEKTY, a TaKOX
OBOJIOJIITH TEXHOJIOTI€I0 PO3B’s3aHHS IIUPOKOTO KIIACy 3aj7au HAyKU Ta TEXHIKH (30KpeMa,
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3ajady  po3Mi3HaBaHHS

300pakeHb,

00poOKH  TPUPOJIHOT

MOBH,

MOIIYKY  PIIICHb,

KOMIT FOTEPHOTO 30pY, IHTEJIICKTYaJILHOTO YIIPaBJIiHHS) 3a JIOIOMOTOK0 METOIIB, MIAXOIIB Ta
AITOPUTMIB HEHPOHHUX MEPEK.

/

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.

5. Pe3yabTaTn HaBYaHH4 3a q(ucuuiutinoo/ Results of learning:

Pesyabrar
naBuanHs (PH)

®opmu (Ta/ad0 MmeToam i

individual work

icnum | Tests,

(- mamf 2. ]fMlm; TeXHOJI0rii) BUKJIAAAHHS i MeToau oL[iHIOBAHHSA Ta I?IHCOTOK \
3. KOMYHIKAUBL 5 4. HaBYAHHS NMOPOroBHii KpUTepiii OLiHIOBaAHHSI TICYMKOBIH
:dBTOH‘OMHIC'l:b Ta (3a HeobximHOCTI) OLIHII 3
BiInoBigaabHicTD ) JUCHUIIIHA
Kon Pe3yabTaTr HaBUaHHSA
3HATH MOCTAHOBKY OCHOBHHX 337144
HABYAHHS 3 MiAKPITUICHHSIM /
PH1.1 To know the formulation of the Jlexyis / Lecture | Konmpononi pooomu,
main tasks of reinforcement akmuera poboma Ha
learning aekyn,
3HaTH OCHOBHI MiIXOAHU 210 Jlexyis / Lecture Y CHll.f;lzI:no/elal’ 20%
p (.)3B ﬂ%aHHH 3anad HaB4aHHA 3 Tests, active work on
PH 1.2 MIAKPIIUICHHAM / lectures,
) To know the basic approaches to oral answers, exam
solving reinforcement learning
problems
3HaTH OCHOBHI NOHATTA Ta MeToau | Jlexkyis / Lecture
MaImuHHOTO HaBYaHHA\ To know .
PH1.3 the basic concepts and methods of Koumpononi pobomu,
. . axmusHa poboma Ha
machine learning nexyii
- - YVCHI 8i0n086ioi, .
3HaTU OCHOBHI MOHATTA Ta Jlexyis / Lecture icnum/ 20%
p I:IHHHHH POOOTH IITYTHIX Tests, active work on
PH 1.4 HEHPOHHHX MEpesk / lectures,
TQ kqow the baglc concepts and oral answers, exam
principles of artificial neural
networks
BwmiTt nmpoBoanTH aHaii3 3a1a4i Konmponwvri pobomu,
U1 BUOOpY HalKpamoro Metony ii BUKOHAHHSL 3A60AHb,
pO3B’si3aHHs/ Jlexyis, BUHECEHUX HA
Be able to analyze the problem to camocmiiina camocmiiiny pobomy,
PH 2.1 choose the best method for solving poboma/ icnum | Tests, 20%
it Lecture, assignments
individual work submitted for
independent work,
exam
Bwmitu popmymntoBatu npodeciiiui Jlexyis, Konmponwvri pobomu,
3aBJaHHS Ha MOBI MAIIHHHOTO camocmitina BUKOHAHHSL 3A60AHD,
PH2.2 HaBYaHHI | OCHOBI (pOPMYITIOBaHb poboma/ BUHECEHUX HA 20%
0a30BHX 33134 HaBYAHHS 3 Lecture, camocmiiiny pobomy,
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migkpimienssm/ Be able to
formulate professional

tasks in the language of machine
learning and on the basis of
formulations of basic problems of

reinforcement learning

assignments
submitted for
independent work,
exam

Bwmitu 3acTocOByBaTH METOIH
MAIIMHHOTO HABYaHHS 14
PO3B’sI3aHHS MPUKJIATHUX 3224/
Be able to apply machine
leaming methods to solve applied

PH23

problems

Jlekyis,

camocmitna

poboma/

Lecture,
individual work

Konumponwvui pobomu,
akmueHa poboma Ha
JNeKyii,

YCHI 8i0n06i0i,
icnum/

Tests, active work on
lectures,

oral answers, exam

20%

6. CniBBifHOIIEHHs1 Ppe3yJabTATIB HABYAHHA NUCHHILUIIHM i3 MPOrpaMHUMH pe3yabTaTaAMHU

HABYAHHA (He00OB’A3KOBO I BHOIPKOBHUX JMCHMILIIH,

AKI

HE¢ BXOIATbH

a0

cnemiagizamii) / / Correspondense between learning results and program study results

0JI0KIB

PesynbTaTn HaBYaHHS M CHUATLTIHH
IIporpamMHi pe3yibTaTH HABYAHHS

PH
1.1

PH
1.2

PH
1.3

PH
14

PH
2.1

PH
2.2

PH
2.3

(3 onucy ocgimuvoi npoepamu)

IIP2. BUWKOpHUCTOBYBaTHM CyYacCHHMH MaTEMaTUYHHUU
armapat HENepepBHOTO Ta TUCKPETHOTO aHami3y,
miHiifHOT  anreOpwW,  aHANITHYHOI  TreoMmeTpii, B
npodeciiHii  TiSIBHOCTI IS PO3B’SI3aHHS  3a/a4
TEOPETUYHOTO Ta TMPHKIAJHOTO XapaKkTepy B Ipolieci
MPOEKTYBaHHA Ta peaizamii 00’ekTiB iHpopMaTH3arii
3a Tay3sMu.

/

Use a modern mathematical apparatus of continuous
and discrete analysis, linear algebra, analytical
geometry, in professional activities to solve problems of
theoretical and applied nature in the design and
implementation of information objects by industry.

7. Cxema ¢opMyBaHHS OLiHKM.
7.1. ®opmu OLiHIOBAHHSI CTY/IEHTIB:
- ceMeCcTpPOBe OI[iHIOBAHHA:

1. Axmusna poboma na aexyii, ycui ¢ionogioi: PH1.1, PH1.2, PH1.3, PH1.4, PH2.3 — 15 GaniB / 9

0aJiB;

2. Buxonamnns 3ae0ann, sunecenux na camocmivny pooomy: PH2.1, PH2.2 — 10 6aniB / 6 6anis;
3. Konmponvua poboma 1: PH1.1, PH1.2, PH2.1 — 15 6auiB / 9 Ganis;

4. Konmponvua poboma 2: PH1.3, PH2.2 — 15 6ani /9
5. Konmponvua poboma 3: PH1.4, PH2.3 — 15 6ani /9

Oautis;
Oautis;

3m00yBad OCBITH MOKe OyTH HEIOMyIEHUIA 70 TiICYMKOBOTO OILIHIOBAHHS, SKIIO ITiJ] Yac CEMECTPY
BiH: 1) He MOCAT MiHIMAJIBHOTO TOPOToBOro piBHS (60%) OLIHKK THUX Pe3yIbTATiB HABYAHHS, SIKI HE
MOXYTh OyTH OLIHEHI MiJ Yac MiJCyMKOBOTO KOHTPOJIO; 2) HaOpaB KUIBKICTh OamiB, IO €
HEOCTATHBOIO Ui OTPHMAaHHS TO3WTHBHOI OI[IHKM HAaBiTh y BHNAAKY JOCSTHEHHS HHAM Ha
MiICYMKOBOMY KOHTPOJII MAKCHMaJIbHO MOKJIIMBOTO PE3YJbTaTy.

PexomenoBanmii MiHiMyM — 36 GaniB

/

1. Active work on lectures, oral answers: LO1.1, LO1.2,1L.0O1.3, LO1.4, LOH2.3 — 15 points / 9 points;
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2. Assignments submitted for independent work: 1.02.1, LO2.2 — 10 points / 6 points;

3. Test 1: LO 1.1, LO 1.2, LO2.1 - 15 points / 9 points.

4. Test 2: LO1.3, LO2.2 - 15 points / 9 points.

5. Test 5: LO1.4, LO2.3 - 15 points / 9 points.

An applicant may not be admitted to the final assessment if during the semester he: 1) has not reached the
minimum threshold level (60%) of the assessment of those learning outcomes that cannot be assessed during
the final control; 2) scored the number of points, which is insufficient to obtain a positive assessment, even if
he achieves the maximum possible result in the final control.

The recommended minimum is 36 points.

- miICyMKOBe OiHIOBAHHSI: iCTIHT.

- MAKCUMANbHA KITbKICMb OAi8 sKi Modxcyms 6ymu ompumani cmyoenmom. 40 6ais;

- pe3yibmamu HaguauHa axki 0yoyms oyinosamucs: PH1.1, PH1.2, PH1.3, PH1.4, PH2.1, PH2.2,
PH2.3;

- popma nposedenns i 6uoU 3a60aHb. TTMCHMOBA poOOTA.

PexomennoBanmii MiHiMyM — 24 GaiiB.

/

- final assessment: exam.

- the maximum number of points that can be obtained: 40 points;

- learning outcomes that will be evaluated: LO1.1, LO1.2, LO1.3, LO1.4, LO2.1,L0O2.2, LO2.3;
- form and types of tasks: written work.

The recommended minimum is 24 points.

Buau 3aBaanb: 4 nMCbMOBUX MUTAHHSL.
° 1 murannsg: PH1.1, PH1.3, PH2.1;
° 2 murannas: PH1.2, PH1.3, PH2.2;
° 3 muranusg: PH1.3, PH1.3, PH2.3;
° 4 mutannsg: PH1.4, PH2.1, PH2.2, PH2.3;

3a po3ropHYTY BIMOBIbL HA KOXKHE 3aBAAHHS CTYJICHT MOXe oTpuMaTH Bijx 1 10 10 Gatis.
Kputepii omiHoBaHHS BiANOBiAl CTy/ICHTa HA MUTAHHS:

e NIOBHOTA PO3KPUTTS NUTaHHS — 1-4 Oanu;

e JIOTIKa BUKJIAJeHHS — 1-2 Oanu;

e aHANITUYHI MipKyBaHHS — 1-4 Ganu.

/

Types of tasks: 4 written questions.

* 1th question: LO1.1, LO1.3, LO2.1;
* 2nd question: LO1.2, LO1.3, LO2.2;
* 3rd question: LO1.3, LO1.3, LO2.3;
* 4th question: LO1.4, LO2.1, LO2.2, LO2.4.

For a detailed answer to each task, a student can receive from 1 to 10 points.
Criteria for evaluating the student's answer to the question:

 completeness of the question — 1-4 points;

* logic of presentation — 1-2 points;

* analytical considerations — 1-4 points.
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7.2. Opranizauisi ouiHIOBaAHHS :

TepMinu npoBeeHHs (pOpM OLIHIOBAHHS:

1. Axmusena poboma na aexyii, ycHi 8i0n0gidi: MPOTITOM CEMECTPY;

2. Buxonanmsa 3ae0amb, 6uHecenux na camocmitiny poooniy. IpOTATOM CEMECTPY;
3. Konmponvua po6oma 1: PH1.1, PH1.2, PH2.1 — no 5 TixHs cemectpy;

4. Konmponvua po6oma 2: PH1.3, PH2.2 — no 10 TixHs cemecTpy;

5. Konmponvua po6oma 3: PH1.4, PH2.3 — no 14 TiwxHs cemectpy;

CTyneHT Mae TpaBO Ha OJHE TMEpPecKIaJaHHsS KOXXHOI KOHTPOJBHOI poOOTH i3 MOXKIHUBICTIO
oTpuMaHHA MakcuManbHO §0% MOYaTKOBO BH3HAYCHMX 3a IO KOHTPOJBHY poOoTy OamiB. Tepmin
NepecKiIaJaHHs BU3HAYAETHCS BUKIIAIaueM.

VY BHUMajKy BiICYTHOCTI CTY/ICHTA 3 MOBAKHUX MPHYMH BiAMPALIOBAaHHS Ta Nepe3aadi KOHTPOIbHUX
POOIT 3AIMCHIOIOTECS Y BIAMOBIAHOCTI /10 ,,[1070KEHHS PO MOPSAAOK OILiHIOBaHHS 3HAHb CTY/ICHTIB
NpY KPEITUTHO-MOTYJIBHIHM CHCTeMi opraHi3alii HaB4aubHOTOo mpouecy” Bia 1 xoBTHS 2010 poky.

/

Terms of evaluation forms:

1. Active work on lectures, oral answers. during the semester;

2. Assignments submitted for independent work: during the semester;

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

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

5. Test 5: up to 14 weeks of the semester..

he 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 llIkana BinnmosigHocTi oniHok / Rating scale:

Bigminno / Excellent 90-100
Ho6pe / Good 75-89
3anoBisabHo / Satisfactory 60-74
He3zanosinbho / Fail 0-59

8. CTpykrypa HaByaabHOI AucHUIUIiHU. TeMaTuuHuii NIaH JeKkuii
/ The structure of the discipline. Thematic plan of lectures and independent work

Ne KinekicTs rogud
JIEKII i
Hassa nexkmii Ceminapu/ C?}/I oct
1 Jlexuii | maGopartop | iiiHa
Hi pobora

Yacruna I. KoMnoHeHTH HeHPOHHOI Mepeski/
Module I. “Components of a neural network”

1 Tema 1. Berynm 10 IITyyHMX HEHPOHHHMX MeEpek/ 10
Introduction to artificial neural networks.
Camocmiiina poboma: 2
[TpoBecTn aHami3 mporpamu i 3MiCTy Kypcy Ta
PEKOMEHIOBAHOI JIITEPATYPH.
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/

Theme 1. Introduction to artificial neural networks.
Individual work:

To analyze the program and course content, as well as
recommended literature.

Tema 2. [IpencTaBieHHs JaHUX U1 HEHPOHHOT MEpexi
Camocmitina poboma:

Onwucaru BXifHi JaHi y hopMaTi, NPUAATHOMY JJIs
CIIpUIHATTS. HEHPOHHOIO MEPEXKEIO.

/

Theme 2. Representation of data for neural networks.
Individual work:

To describe the input data using in the format applicable
for the neural networks.

10

Tema 3. JliniifHuii Ta 3ropTKOBHI MIapW HEHPOHHOI
Mepexi.

Camocmitina poboma.

Jlnst mpuKITaziB 300pakeHb 3aCTOCYBATH 3TOPTKOBUH mIap
Ta JHIHHAHT map.

/

Theme 3. Linear and convolutional layers of a neural
network.

Individual work:

To apply linear and convolutional layers to examples of
images.

12

Tema 4. ®yskuii akTuBamii, METOAM 3MEHIIEHHSI
MPOCTOPOBOT PO3MIPHOCTI PO3MIPHOCTI, pEKYPEHTHI IIapHu.
Camocmitina poboma:

3acTrocoByBaTH (DYyHKIII aKTHBAIIT Ta METOAN 3MEHIIECHHS
po3MipHOCTi - max pooling, average pooling, pekypeHTHi
mapu - LSTM, GRU

/

Theme 4. Activation functions and spatial downsampling
methods, recurrent layers.

Individual work:

To apply activation functions and downsampling methods
- max pooling, average pooling, recurrent layers - LSTM,
GRU.

12

Koumponvna poboma 1/ Control work 1

2

YacTuna II. TpeHyBaHHA HelHPOHHMX Mepe:K Ta OLIHKa SIKOCTi/
Module II. Training and evaluation of neural networks

Tema 5. Ilonarrs ¢yHkuii BTpaT, OCHOBHI THIIH
QITOPUTMIB HABYAHHS.

Camocmitina poboma:

3actocyBatu HEOOXiIHY QYHKIIIIO BTPAT BiAMOBITHO 70
3aj1a4i, 0OpaTh HeOOXiJHUI METO]T HAaBYAaHHS Ta
BHCTaBUTH HEOOX1THI mapamMeTpu st 3015KHOCTi.

/

Theme 5. Loss functions, main types of learning
algorithms.

Individual work:

12
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Apply loss functions and setup applicable learning
algorithm for the task.

Tema 6. OCHOBHI METPHUKHU VIS OLIIHKH SKOCTI - TOYHICTb,
precision, recall, PR-xpuBa, kpocc-Bamimarris.
Camocmitina poboma:

OrmparroBaTi METOAM OLIHIOBAHHS SKOCTI.

/ 2 12
Theme 6. Main evaluation metrics - accuracy, precision,
recall, PR-curve, cross-validation

Individual work:

To develop methods of evaluation.

Tema 7. [linroroBka HaBYaIBHOI Ta TECTOBOI BUOIPKH.
Camocmitina poboma.

OnpaIroBaTv METOU MiATOTOBKY BUOIPOK JaHHX.

/ 2 10
Theme 7. Preparation of training and testing datasets
Individual work:

To develop methods of dataset preparation.

Tema 8. IloHATTS TNepeHaBUaHHS, METOIHM CTadimizamii
MpOIeCY HAaBYAHHS Ta TIOKPAIICHHS 301KHOCTI.
Camocmitina poboma.

OmpartroBaTy aNrOpUTMH MTOKPAIEHHS 301KHOCTI.

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

Yacrtuna III. 3acTocyBaHHs MeTOiB MAIIMHHOT0 HABYAHHSI /IJ151 BUPillIeHHA 3a/1a4
HABYAHHS 3 HiAKPinieHHAM/
Module ITI. Application of machine learning methods for solving of tasks of reinforcement

learning
9 | Tema 10. IlocraHoBKa 3a7a4i MANIMHHOTO HABYAaHHS 3
1 IKPITUTCHHSIM.
Camocmitina poboma.

OnparroBaTv OCHOBHI 3aJ1a4i MAallTHHHOTO HABYAHHS 3
MIiKPITUICHHSM Ta OCHOBHI TIOHATTS - HABUAHHS MOJICIICH,
(GyHKIIIi BHHATOPOIH. 4 12
/

Theme 10.The main tasks of reinforcement learning.
Individual work:

To develop the main tasks of reinforcement learning and
main definitions - training of models, reward functions.

10 | Tema 11. Orusg OCHOBHHX apXiTEKTYp.
Camocmitina poboma:
OnpalroBaTv OCHOBHI THITH apXiTEKTYP.

/ 4 12
Theme 11.Review of the main architectures.
Individual work:
To develop the main types of architectures.
Koumponvna poboma 3 2
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BCbOI'O 34 114

3aranpauii 00csar 150 200umn, B TOMY YHCHTI:
Jlexuiii — 34 zooun.

Koncynpramii — 2 rox.

Camocriitaa po6ota — 114 200un.

9. PEKOMEH/OBAHI 1’)KEPEJIA
Ocnoeni / Main:

Ian Goodfellow. Deep Learning, MIT Press, 2017
Richard Szeliski. Computer Vision: Algorithms and Applications, Springer, 2010
JoBun A. ®opcaiit, XKan [Tonc. Komnstoreproe 3penne. CoBpemenHbli oaxon, 2004

Jlunpa Hlamupo, Txopmx Ctokman. KomnbioTepHoe 3penue. Jlabopatopus 3nanwmid. 2013
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