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BCTYII
1. Mera aucuMILTIHM — JaTU 3HAHHS MPO TEOPETHYHI OCHOBU Ta MPAKTUYHOTO BUKOPHCTAHHS
QITOPUTMIB MAIIMHHOTO HAaBYAaHHSI B TOMY 4YHCJIl 3 TEHETHYHUX, CBOJIOIIMHUX aJTOPUTMIB,
iHTeHeKTyaJIBHI/IX aI‘eHTiB Ta MYJIbTUAICHTHUX CUCTCM.
/
The purpose of the course - to provide knowledge about the theoretical foundations and practical
use of machine learning algorithms, including genetic, evolutionary algorithms, intelligent agents
and multi-agent systems.

2. IlonepenHi BUMOIH 10 ONAHYBaHHS 200 BUOOPY HABYAJIBLHOI AUCHMILIIHHU:

1. 3uamu 6a3zoBy nucumiuiiny «lLITydHui I1HTENEKT: MPUHLIMIKA Ta METOIW», NCAKI TJIaBH
MaTeMaTHYHOTO aHali3y, alreOpu Ta Teopii KMOBIpHOCTEH, TUCKPETHOI MAaTEeMaTHKH, MAaTH
YSIBIICHHS TPO METOJIA PO3Ii3HABaHHA. 3HAHHS TEXHIYHOI aHTJIIHChKOI MOBH Ha piBHI B1.

2. Bmimu BUKOPHUCTOBYBaTH CYYaCHUH MaTeMaTHYHHUI amapar, BMITH OyayBaTu Ta
BHKOPHCTOBYBAaTH HEHPOHHI MEPEXi Ta MPOCTI METOAM MAIIMHHOTO HaBYaHHS, SK TO
HaiBHMi baec, k-nn Tomo.

3. Bonooimu nasuukamu TPOTPaMyBaHHS MOBOIO BUCOKOTO piBHS, X0u Ou omHiero 3: C++, C#,
Java, Python.

/
Preliminary requirements to master or choosing of the course

1. To know the basic discipline “The Principles and Methods of Artificial Intelligence”, certain
chapters of mathematical analysis, linear algebra, prpbability theory and discrete
mathematics, it is also desirable to have some understanding of the methods of pattern
recognition. Level B1 technical English skills.

2. To be able to use a modern mathematical apparatus, be able to build and use neural networks
and simple methods of machine learning, such as naive Bayes, k-nn, etc.

3. To have programming skills in high-level language, at least in one of: C++, C#, Java, Python.

3. AHOoTalisA HABYAJbHOI IMCUMILIIHM:

Hapuanpna nucuumninina «Mamuaae HaBuaHHs/Machine Learning» € CKkIagoBOIO OCBITHBO-
HayKOBOI nporpamu T1ITOTOBKH (axiBiiB «MaremaTuuHi METOAH MITYYHOTO
IHTENeKTy» 3a JIpyruM (MariCTepCchbKMM) pIBHEM BHINOi OCBITH Tany3i 3HaHb 12 «IHpopmartiiini
TexHOJIOT1» crerianbHocTI 122 «Komm'toTepHi HayKm.

Jana pgucuuriiHa € OOOB’S3KOBOIO HABYAIBHOK  JUCIUILUIIHOIO 32 MPOrPaMoOI0
“MaTteMaTH9IH1 METOIM IITYYHOTO 1HTENEeKTY . Bukmnamaerbes y 1 cemectpi 1 Kypcy Marictpatypu B
o0cs31 5 xpenutiB ECTS.

VY xypci mepeabaueHo 3 3micmosux uacmuHu, 2 KOHMPOIbHI pobomu, 2 1abopamopHi
pobomu. 3aBepIyeThCS TUCIUILIIHA 3a1iKoM B 1 cemecTpi 1 Kypcy maricTpaTypu.

/
Synopsis of the course:

The discipline "Machine Learning" is a component of the educational-scientific training
program for the second (master's) level of higher education in the field of knowledge 12
"Information Technology" specialty 122 "Computer Science", educational-professional program
"Mathematical Methods of Artificial Intelligence ".

This discipline is a mandatory discipline in the program "Mathematical Methods of Artificial
Intelligence". 1t’s taught in the 1st semester of the 1st year of master's degree in the amount of 5
ECTS credits. The course includes 3 parts, 2 tests, 2 laboratory works. The discipline ends with a
credit in the 1st semester of the 1st year of master's degree study.
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4. 3aBaaHns (HaBYaJbHI 1iji):

OCHOBHMMH 3aBJaHHSMU AUCHUIUIIHU «MalluHHE HaBYaHHS» € HAOyTTS 3HAHb, YMiHb Ta
HaBHYOK (KOMIIETCHTHOCTEH) Ha pIBHI HOBITHIX JOCSATHEHb B O0JAacCTi MAIIMHHOTO HaBYaHHS
BIJITIOBITHO JI0 OCBITHBOI KBaJi(hiKaIlii MaricTp KOMIT I0OTepHUX HayK. 30KpeMa, pO3BUBATH:

* 31aTHICTH CIUIKYBaTHCS 1HO3eMHOI0 MOBOIO (3K5).

* 3parHiCTh BUpINIYBAaTH CKIAAHI 3a4auyi IHTENEKTyalbHOI OOpOOKH JaHWX 3
BUKOPHCTAHHSIM  €BOJIOLIMHOTO  MOJIENIOBAHHSA, HEUPOMEPESKHHX  TEXHOJIOTIH,
3aCTOCYBAaHHS OOYMCIIOBAJIHHOTO IHTENEKTY IJS pPO3B’S3aHHS NPAKTUYHUX 33134 B
pi3HHX ramy3sax npodeciiinoi aismpHOCcT (CKS).

* 3pmaTHICTH pO3pPOOJATH Ta 3aCTOCOBYBAaTH IHIYKTHUBHI METOAM CHHTE3y MO/IEIEH,
po3Mi3HaBaHHS O0'€KTIB Ha 300pa)K€HHSX, MYJBTHAreHTHI Ta HEYITKI CHCTEMH,
Hellpomepeki B Mpoleci ix peamizamii Ha Cy4acCHHX BHUCOKOMPOIYKTHBHHMX CHUCTEMax
(CK9).

/

Learning objectives:

The main objectives of the discipline “Machine Learning” is acquisition of knowledge, skills and
competencies at the level of the latest advances in computer science. In particular it aims to develop:

» Ability to communicate in a foreign language.

» 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.

» Ability to develop and apply inductive methods of model synthesis, object recognition in
images, multiagent and fuzzy systems, neural networks in the process of their
implementation on modern high-performance systems.

S. PesyiibTaTH HaB4YaHHA 32 aucuuiiinow/ Results of learning:

Pe3ysnbTar HaBYAHHSA MeTtoaun
1. 3naTu; 2. BMiTH; 3. KOMYHiKkanis; 4. OIIHIOBAHHA TA | .
( - > v 1t ®opmu (Ta/a60 I . | BimcoToky
aBTOHOMHICTH Ta BiANOBiIaJbHICTD) . MOporoBuii . .
. MeToaM i ol NMiJACyMKOBI
Results of learning . KpHuTepii N
TEXHOJIOTil) . i ouiHWi 3
. OUIHIOBAHHA (32 .
BUKJIAJaHHS i . ., | AMCHUILTiH
HeoOXigHocTi)/
HaB4aHHsi/ Forms u/
Methods of
PesynbTar HaBUaHHSsA/ (and/or methods . Percentage
Kon . . evaluation and .
Learning results and technologies) . in final
of teaching evaluation mark
threshold (if
necessary)
PH1.1 |3natu OCHOBHI MOHSATTS 3 AxTHBHa poboTa
MAaIIMHHOTO HAaBYaHHS, KJIacH 3a7ad4, Ha JIeKIIii, yCHI
MeEX1 MPUIATHOCTI OCHOBHHX BIOBIAIL.
METO/IB. Jlexuis, KonTposnbna o
o 17%
/ nabopaTopHe pobora 1,2 (60%
Know the basic concepts of machine 3aHSATTSI. MIPaBUIILHUX
learning, problem classes, the limits / BiJIMTOBIICH)
of suitability of basic methods. Lecture, /
PH 1.2 (3HaTu TeHETHYHI Ta EBOJIOMIMHI practice Active work on
anropuTMu,  0aeciBCKI  Mepexi, lectures, oral 18%
o . . o o 0
HEHUPOHHI  Mepexi, perpeciiHuit answers,
aHalli3, MYJIBTHATEHTHI CHCTEMH, Test 1,2 (60%
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METOJ OTIOPHUX BEKTOPIB TOLIO.
/
Know genetic and evolutionary
algorithms, Bayesian networks,
neural networks, regression analysis,
multiagent systems, support vector
machines, etc.

correct answers)

PH 2.1

BwmiTn  anamizyBaTM = NpakTHYHI
3ama4i 3 METOI0  BHU3HAYCHHS
ONTUMAIILHOTO METOJy MAIIWHHOTO
HABYaHHS JIJIS 1X PO3B’sI3aHHS.

/
Be able to analyze practical
problems in order to determine the
optimal method of machine learning
to solve them.

PH2.2

Bmitu  peamizyBatu  BimiOpani
NUBIXOM aHaji3y 3ajadi  MEeTOIu
MAIIMHHOTO  HAaBYaHHS,  BMITH
aHai3yBaTH NPUYMHA OTPUMaHHUX
pEe3yNbTaTIB HaBYAHHS Ta
BIIHAXOAUTH CIIOCOOW TMOKpAIIECHHS
SIKOCTI HABYaHHSL.

/
To be able to implement the
methods of machine learning
selected by the analysis of the task,
to be able to analyze the reasons for
the obtained learning outcomes and
to find ways to improve the quality
of learning.

PH23

Bwmitu  3actocoByBaTH mporpamHi
3aco0u PO3pOOKHU CHCTEM
/

Be able to use development tools

PH3.1

OOrpyHTOBYBaTH BJIACHUW TIOTJISA
HAa  3aja4yy,  CHOUIKyBaTucs 3
KOJIeTaMU 3 MUTaHb aHali3y 3a]a4 Ta
MPOEKTYBaHHS ATOPUTMY

/
Be able to justify own view of the
problem, communicate with
colleagues in the design and
development of programs, prepare
written reports

JlaGopatopHue
3aHATTA, CAMOCTiiHA
pobora,

/

Practice,
Individual work

JlaGopaTopHa
pobora 1,2,
/
Laboratory works
1,2

10%

40%

5%

5%

PH4.1

BigmosinansHO CTaBUTUCS bi (o)
BUKOHYBaHUX pooir, HECTH
BIIITOBIAAJIBHICTE 32 IX SKICTh

/

CamocriifHa po6oTa
/
Individual work

Bukxonanus
3aBIaHb,
BHHECCHHX Ha
CaMOCTIHHY

5%
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Responsibly  treat the  works poboty

performed, be responsible for their /

quality Accomplishment
of tasks assigned
to Individual
work

6. CniBBilHOIIEHHS Pe3yJbTATIB HABYAHHA IMCHUILUIIHM i3 NPOrpaMHUMH pe3yJbTaTaMH
HaBuanHsi / Correspondense between learning results and program study results

PesynbraTn HaBuaHHsa aucuuninullporpamui
pe3yJbTaTH HABYAHHSA/
Teaching results
Program results of teaching

1.1 1.2 | 2.1 |2.2| 2.3 |3.1| 4.1

ITPH3. OmnanyBaTy HOBI IHCTPYMEHTH pOOOTH 3 JaHUMH,
3MIMCHIOIYN OOpOOKY BeO-JIOTiB, TEKCT-aHAI3 1 MalllMHHE
HaBYaHHS, JUISi TPOTHO3yBaHHsA  Oi3HEC-TIpOIEeCiB  Ta
CUTYalllfHOTO YIPaBIiHHS, CEHTUMEHT-aHaji3y BIATYKIB,
pO3pOoOKM  pEeKOMEHJAIlIHHUX  cucteM 1 chepu
€JIEKTPOHHOI KOMEpIIii, Meflia, ColliaTbHUX Mepexk, OaHKIHTY,
PEKIIaMHU TOIIO. + + + +
/
Master new tools for working with data, web logs processing,
text analysis and machine learning, for forecasting business
processes and situational management, sentiment analysis of]
feedback, development of recommendation systems for e-
commerce, media, social networks, banking, advertising etc.

ITPH10. BukopucToByBaTH  IHTEJEKTyalbHI  areHTH,
MyJbTHAreHTHI ~ CHUCTEMH, MallMHHE  HaBYaHHA  Ta
CaMOHAaBUYaHHs, TEHETHYHi, KOONEpaTHBHI Ta PO3IMOALICHI
€BOJTIOIIHI aJITOPUTMH JUISI KOMIT FOTEPHOTO PO3B’SI3aHHS
3aj1a4, 10 BUMAraloTh JIIOJICBKOTO PiBHS MUCJICHHS.

/
Use intelligent agents, multi-agent systems, machine learning
and self-learning algorithms; genetic, cooperative and
distributed evolutionary algorithms to solve computer
problems that require a human level of thinking.
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7. Cxema ¢opmyBanns ouinku / Mark forming scheme.
7.1 ®opmu ouniHOBaHHA cTyAeHTIB / Student evaluation forms:
- ceMecTpoBe oUiHIOBaHHs/evaluation in semester:

Axmuena poboma Ha nexyii, ycHi 8ionosioi/ Active work on lectures, oral answers: PHI.1,
PHI.2 — 5 6anis/3 6anu;

2. BuxouanHs 3a80amb, uHeceHux Ha camocmiiny pooomy/ Tasks assigned to independent
work: PH4.1 — 5 Ganis/3 Ganu

3. Konmponvua poooma 1/Test 1: PH 1.1 — 15 6anis/9 6anis.

4. Koumponvna poooma 2/Test 2: PH 1.1.,PH 1.2.— 15 6anis/9 6anis.

5. Jlabopamopna poboma 1/Laboratory work 1 - Basic methods: PH2.1, PH 2.2, PH 2.3,
PH3.1—25 6amnis/15 6anis.

6. Jlabopamopna poboma 2/Laboratory work 2 - Genetic Algorithms or Multiagent System:
PH2.1, PH 2.2, PH 2.3,PH3.1 — 35 6aniB/21 6anu.

3aMiCTh BUKOHAHHS 3aBJaHb, BUHECEHHMX Ha CaMOCTIHHY poOOTy, CTyIEHT MOXe HaJaTH
ceptudikaT Ipo YCIHIIIHE MPOXO/HKEHHS Kypcy «[ €HETHYHI aIropuTMI»), pO3MIIIECHOTO 33 aJpecoio
https://www.coursera.org/lecture/build-regression-classification-clustering-models/genetic-
aleorithms-PAQOnY.

Instead of completing the tasks assigned to independent work, the student can provide a
certificate of successful completion of the course "Genetic Algorithms", located at
https://www.coursera.org/lecture/build-regression-classification-clustering-models/genetic-
aleorithms-PAQOnY.

- miacymMkoBe oniHwoBaHH1 (y ¢popMi 3aiiky)/final evaluation (credit):
- 3aikoBi 0anu BU3HAYAIOTHCA K CyMa OIIHOK/OaJliB 3a BCIMa yCHIITHO OIIHCHUMH
pe3yJbTaTaMu HaBYaHHS, TIepeI0aueHUMHE JJAHOIO TIPOTPAMOIO.
- O1iHKH HIKYE BiJl MIHIMAJIBHOTO TIOPOTOBOTO PIBHS HE JI0IAI0ThCSI.
- MiHimManpHU# MOPOroBUiA piBeHb AJIsi CyMapHOi OIIIHKH 3a BCIMa KOMIIOHEHTaMH CTAaHOBUTH
60% Big MaKCHUMAaJILHO MOXKJINBOI KIILKOCTI OaliB.
/
- 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.

YmoBu gadopaTtopuux poodit/Laboratory works:

JlabopaTtopna pobora 1 ba3oBi meromu/Basic methods: BukopucroByrounm BigoMuid
CTYJEHTY METOJl MAalIMHHOIO HaBYaHHS cHpoOyBaTu mNoOyAyBaTH MOJEIb MPOLECY y TNeBHil
npeaMeTHiid o0nacTi: moroau, Bpoxais, npoOok Ha goporax Tomo./ Using the method of machine
learning known to the student it’s necessary to build a model of the process in a particular subject
area: weather, harvests, traffic jams and more.

JlaGopaTopHa poOora 2 I'eHeTnuHmii ajaroputm ado MyJabTHareHTHa cucrema/Genetic
Algorithms or Multiagent System: /{1 BHOpaHOi CTyIE€HTOM INpeIMETHOI 00JacTi peani3yBaTu
CUCTEMY, 110 BUKOPUCTOBYE TeHeTHUHHM anropuTM./ For the subject area chosen by the student it’s
necessary to implement a system that uses a genetic algorithm to solve a problem.

3anuTaHHs I KOHTPOJIbHHUX poditT/Test questions

VY nepury KOHTPOJIbHY pOOOTY BKITIOYA€ETHCS | TEOpETHYHE MUTAHHS Ta 2 TIPAKTUIHUX
3aBJIaHHs, 32 KOXKEH ITyHKT HapaxoByeThes 10 33,(3)% Bia KUIBKOCTI OalliB 32 KOHTPOJBHY./
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First test includes 1 theoretical question and 2 practical tasks, each element contributes
33,(3)% of points.
KonTpoabHna pooora 1/Test 1:
Linear regression with one variable.
Cost function. Gradient descend.
Linear regression with multiple variables.
Logistic regression.
Regularization.
Evaluating a hypothesis model selection. Train/validation/test sets.
Bias—variance tradeoff.
Machine learning system design. Prioritizing and error analysis.
KonTtpoJsbna podora 2/Test 2:
VY npyry KOHTPOJIbHY BKJIIOUAETHCS 4 TEOPETUUHI MUTaHHS. [{0 mepeniky MuTaHb TaKOXK
BKJIIOYAIOTHCS MUTAHHS 3 TEPIIOT KOHTPOJIBHOT pOOOTH. 3a KOXKHE MUTAHHS HapaxoBYeTbes 10 25%
B1JI KIJTBKOCTI OaJTiB 32 KOHTPOJIBbHY./
Second test includes 4 theoretical questions. They include also questions form first test. Each

element contributes 25% of points.

9. K-means algorithm.

10. Neural networks. Multi-class classification.

11. Neural networks: learning. Cost function.

12. Backpropagation algorithm.

13. Support Vector Machines.

NN RN =

7.2 Opranizanis oninoBanus/Evaluation process:

OOOB’s13KOBUM € BHKOHAHHS 3aBaHb, BUHECEHUX HA CAMOCTIMHY poOOTY, Ja00paTopHUX poOiT Ta
KOHTPOJIbHUX poOIT 3a rpadikoM pobdouoi mporpamu./ It is mandatory to perform tasks assigned to
independent work, laboratory work and tests according to the schedule of the work program.

Tepminn npoBenennst popm oninroBanns/Deadlines:

1. Koumponavua poooma 1 (mecm): 0o 5 muosicus cemecmpy./ Testl: up to the end of 5 weeks
of the semester.

2. Konmponvna poboma 2 (mecm): 0o 9 muocus cemecmpy. / Test2: up to the end of 9 weeks
of the semester.

3. Jlabopamopna poboma 1 (npoexm): 0o 8 muocua cemecmpy. / Laboratory work 1
(project): up to the end of 8 weeks of the semester.

4. Jlabopamopna poboma 2 (npoexm): 0o 12 muoicns cemecmpy. / Laboratory work 2
(project): up to the end of 12 weeks of the semester.

CrtyneHT Mae mpaBo Ha OJHOKpATHE MEPecKIaJaHHsA KOXXKHOI KOHTPOJBHOI poboTH i3
MOJKJIUBICTIO OTpUMaHHS MakcuMaibHO 90% moyaTKOBO BH3HAUEHHUX 3a LI0 KOHTPOJBHY pPOOOTY
OarniB. TepMiH nepeckiiaqaHHs BU3HAYAETHCS BUKIIATAueM.

VY BUMNaKy BIZICYTHOCTI CTYJICHTA 3 MOBAKHUX NPHUYMH BIATIPAIFOBAHHS Ta Iepe3aadi KOHTPOIbHUX
pOOIT 3AIMCHIOIOTECA Y BIANOBIAHOCTI 1O ,,[100MKEHHS PO MOPSIOK OLIHIOBAaHHS 3HAHb CTY/CHTIB IPU
KPEMTHO-MOTYJTbHIM CHCTEMI OpraHi3ailii HaB4asbHOTO mporiecy’” Bif 1 sxoBTHsI 2010 poky.

CryneHT Mae mpaBo 37aBaTu JIAOOPATOpHI poOOTH TiCIs 3aKIHYEHHS BU3HAYEHOTO ISl HUX
TEpMiHy, aJle 3 BTPATOIO0 JABOX OaliB 3a KOXKEH THXKICHB, SIKUHA MPOUIIOB 3 MOMEHTY 3aKiHUCHHS
TepMiHy ii 31adi.

/

The student can have second attempt to pass each test with (max. mark is 90% of initial
course points for the test). The time of testing is set by lecturer.
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Should the student be absent for valid reason re-testing and remedial training are performed
according to “Regulations on evaluation of student’s knowledge under credit-module learnining
process” by 1 October 2010.

The student can submit lab works after deadline but with penalty to course earned points for
each week after deadline.

7.3 llkana BixnoBinHocti oniHok / Mark correspondence scale

3apaxoBano / Passed 60-100

He 3apaxoBano / Failed 0-59
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8. CTpykTypa HaB4YajbHOI JMCHUILIIHK. TeMaTHYHUI TUIaH JIEeKIIHHUX Ta JJa0OPaATOPHUX
3aHATh / The discipline structure. Lectures and Labs curriculum

No

II. II.

Hazsga nexiii /
Lecture name

Kinexicts romgud / Hours

Jlexmii /
Lectures

Jlaboparo
pHi / Labs

Cawmocr.
pobora /
Individual
work

Yactuna 1 Ocnosu /Part 1 Basics

Tema 1. Bcryn B MamunHe HaByaHHs. JliHiitHA
perpecis 3 oiHI€r0 3MiHHOI. KpuTepiii sIKkocTi.
I'panienTHuii cnyck. EnemenTn niniitHoi anreOpu.
Martpui Ta Bekropu. Oneparii.

Camocmitina po6oma: o0y lyBaTH JiHIAHY
perpeciro i 3a1aHNX JaHUX.

Topic 1. Introduction. Linear regression with one
variable. Cost function. Gradient descend. Linear
algebra review. Matrices and vectors. Operations.
Individual work: construct a linear regression for the
given data.

Tema 2. Jliniiina perpecis 3 KiTbKOMa 3MiHHUMH.
I'pagieHTHHI CITyCK IS IEKITBKOX 3MIHHUX.
MacmrabyBanss o3Hak. [IIBuaKicTh HaB4aHHS.
O3Hak¥ Ta MOJIIHOMIaJIbHA PETpecis.

Camocmitina poboma: o0y 1yBaTH TMOJIHOMIAJIbHY
perpeciro s 3aJaHuX JaHHX.

Topic 2.Linear regression with multiple variables.
Gradient descent for multiple variables. Feature
scaling. Learning rate. Features and polynomial
regression.

Individual work: construct a polynomial regression
for the given data.

Tema 3. Jlorictuuna perpecis. Knacudikarris.
[IpencraBnenss rinote3u. ' paHuis pimeHHs.
Perynspuzarnis. [lepenaBuanns. PerynspuszoBana
JiHiHA Ta JOTICTUYHA perpecis.

Camocmitina poboma: o0y IyBaTH JIOTICTUIHY
perpeciro asis 3aJaHuX JaHHX.

Topic 3. Logistic regression. Classification.
Hypothesis representation. Decision boundary.
Regularization.

Overfitting. Regularized linear and logistic
regression.

Individual work: construct a logistic regression for
the given data.

Tema 4. 3acTocyBaHHS MalIMHHOTO HABYAHHS.
Orminka BUOOpy Moenel TinoTe3 Ta HaB4aJibHA /
BajijamiitHa / TectoBa Bubipka. Kommpowmic 3cyBy Ta
nucniepcii. JIn3aiH cucTeMyu MallTMHHOTO HAaBYaHHS.
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BusnaueHHs npiopuTeTiB pOOOTH. AHATI3 TOMHIIOK.
Camocmitina poboma: CIpOEKTyBaTH CUCTEMY
MAIIMHHOT'O HAaBYaHHS JUI IPEIMETHOI 00J1acTi 3a
BHOOPOM CTYyZCHTA.

Topic 4. Applying machine learning. Evaluating a
hypothesis model selection and train/ validation/ test
sets. Bias—variance tradeoff. Machine learning
system design. Prioritizing what to work on. Error
analysis.

Individual work: design a machine learning system
for the subject field of the student's choice.

Kontposibaa pobora Ne 1/ Test 1.

1

YacTruna 2 Heiipomepexi Ta inme / Part2 Neural Networks and other methods

Tema 5. Hapuanus 6e3 yuutens. AJITOpUTM K-
cepenHiX. ANropuT™ c-cepeHix. Bunaakosa
iHimanmizanis. Bubip uncna kimacrepiB. 3MEHIICHHS
pO3Mipy 3a7adi: CTUCHEHHS TaHUX Ta Bi3yasi3allis.
Camocmitina poboma:yisl 3aJJaHUX TaHUX
peanizyBaTu K-Cepe/iHiX, Bi3yali3yBaTH pe3yJIbTaTH.
Topic 5.Unsupervised learning. K-means algorithm.
C-means algorithm. Random initialization. Choosing
the number of clusters. Dimensionality reduction:
data compression and visualization.

Individual work: for the given data one needs to
execute k-means and to visualize results.

2

Tema 6. MeTon onopHux BekTopiB. Sapa.
Camocmitina poboma:Uist 3aJaHAX TaHUX BUKOHATU
METO/ OTTOPHUX BEKTOPIB.

Topic 6.Support Vector Machines. Kernels.
Individual work: for the given data one needs to
execute SVM.

Tema 7. Heliponni mepexi: HaB4aHHs. Kpurepiit
SIKOCTi. AJITOPUTM 3BOPOTHOTO PO3IOBCIOKEHHS
TTOMUJTKH.

Camocmitina poboma: 1jig 3aJaHUX JTAaHUX HABYUTH
MEPUEITPOH.

Topic 7.Neural networks: learning. Cost function
Backpropagation algorithm.

Individual work: to train a perceptron for the given
data.

Tema 7 (mpoaoB:keHHst). HeiiporHi Mepexi.
Knacudikarrist Ha 6arato kiacis.

Camocmitina poboma: 1jid 3aJaHUX JTAaHUX HABYUTH
3TOPTKOBY HEHPOMEPEXKY.

Topic 7 (cont.).Neural networks. Multi-class
classification.

Individual work: for the given data to train a
convolutional neural network.

KontponsHa pob6ora Ne 2/ Test 2.
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Yacruna 3 Beauki nani / Part 3 Big Data

Tema 8. T'enernuni anroputMu. EBosmrorriiini
anropuT™Mu. bopoTs6a 3 3acTpAraHHAM y JTOKaJIbHOMY
ONTHMYMI.

Camocmiiina poboma: nnasi BHUOPaHOI CTYICHTOM
nmpeAMETHOI 001acTi po3B’si3aTH 3aJadyy METOJ0M
TCHETUYHUX aJITOPUTMIB.

Topic 8. Genetic algorithms. Evolutuionary
algorithms. Fighting local optimum pit.

Individual work: for the subject field chosen by the
student to solve the problem by genetic algorithms.

2 9

10

Tema 9. MynbTHareHTHE HAaBYaHHS.

Camocmitina poboma: 'y TpenMeTHId obnacti
BHOpaHid i1 TEHETHYHUX aJTOPUTMIB OMHUCATH
MPOLEYPY, IepeBaru Ta HEJOMIKA MYJIbTHATEHTHOTO
HaBYaHHS.

Topic 9.Multiagent learning.

Individual work: describe the procedure, advantages
and disadvantages of multi-agent training in the
subject area selected for genetic algorithms.

11

Tema 10. CToxacTUyHHIA TpalieHTHUNA CITYCK.
[TakeTHUH Tpagi€eHTHUN CITYCK 3 MAJIUM OXBATOM.
CXOKeHHS CTOXaCTUYHOTO TPAIIEHTHOTO CITyCKY
Camocmitina poboma: 1Jisl 3aJJaHUX TaHUX
nepeBipuTy €EeKTUBHICTh CTOXACTHYHOTO
IPaJIIEHTHOTO CITYCKY TIPH PI3HUX 3HAYCHHSIX
napaMeTpiB alTOPUTMY.

Topic 10. Stochastic gradient descent. Mini-batch
gradient descent. Stochastic gradient descent
convergence.

Individual work: for the given data to check
efficiency of stochastic gradient descent at various
values of parameters of algorithm

12

Tema 11. Bussnenns anomaiiid. ["ayccoBmii
PO3MOALN 1 anropuTM Uit Hboro. bararoBuMipHuiA
rayccoBHi po3mnoin. Pexkomenaariitni cucteMu.
Pexomenpariii Ha ocHoBi BMicTy. KonabopartusHa
GbinpTpartis.

Camocmiiina po6oma: BUSBUTH aHOMAJI1 y 3aJJaHOMY
Ha0opi aHUX.

Topic 11. Anomaly Detection. Gaussian Distribution
and algorithm. Multivariate Gaussian Distribution.
Recommender Systems. Content Based
Recommendations. Collaborative Filtering.
Individual work: detect anomalies in a given data set.

13

Tema 12. MammHHe HaBYaHHS Y BEJIMKHUX 3a7a4ax.
map-reduce Ta mapanenizm nanux. Hapuanns 3
BEJIMKMMH HaOOpaMu JTaHUX.

Camocmitina poboma: niis nanux 3 aekiii 11
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peanizyBatu map-reduce.

Topic 12. Large scale machine learning. Map-reduce
and data parallelism. Learning with large datasets.
Individual work: for the data from lecture 11 to
implement map-reduce algorithm.

BCbOI'O/ TOTAL 26 12 110

3aranbHuii 006csr 150 200., B Tomy unchi/ Total duration /50 hours, namely:
Jlexuii/ Lectures — 26 ron./h.

Jlaboparopsi po6otu / Laboratory works — 12 200./h.

Koncynpranii/ Consultations - 2 200./h.

Camocriitna po6ora/ Individual work - 110 200. /h.

9. PexomennoBani pxepesa/Literature:

Ocnoeni / Main:

1.  Semi-Supervised Learning Edited by Olivier Chapelle Bernhard Scholkopf and Alexander
Zien MIT 2006, 528 pp.

2. Hpeitnep H., Cmut I'. IlpukiiagHoli perpecCMOHHbIN aHanu3. MHOXECTBEHHAsI perpeccus —
3-¢ u3a. — M.: Jluanextuka, 2007. — C. 912.

3. Martin T Hagan Neural Network Design (2nd Edition) / Martin T Hagan, Howard B Demuth,
Mark H Beale, Orlando De Jesus // Campus Pub. Service, University of Colorado Bookstore,
2002, 736 pp.

4.  Stone, James V..Independent component analysis: a tutorial introduction. Cambridge,
Massachusetts: MIT Press. 2004 200 pp.

B momy uucni inmepnem-pecypcu / Internet resources:

1. Suvrit Sra 2005 Generalized Nonnegative Matrix Approximations with Bregman Divergences
Advances in  Neural Information Processing Systems 18 (NIPS  2005)
http://papers.nips.cc/book/advances-in-neural-information-processing-systems-18-2005

Mooamkoei / Additional:
1. Finn V. Jensen Thomas D. Nielsen Bayesian Networks and Decision Graphs Springer, New
York, NY 2001, 447 pp.

B momy uucni inmepnem-pecypcu / Internet resources:

2. Caruana, R., 1998. Multitask learning. In Learning to learn (pp. 95-133). Springer, Boston, MA.
http://www.cs.cornell.edu/~caruana/mlj97.pdf
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