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1. Mera aucCHUNJIIHM JaTH CyYacHI 3HaHHSA TPO TEOPETHUYHI OCHOBH, TEXHOJIOTII MOOYJOBH Ta
BUKOPHUCTaHHS T€HETHYHUX AITOPUTMIB, PO3BUHYTH 34aTHOCTI OOYAOBU €BOJIOIIIHUX CTpATETii.

/

Discipline aim. The aim of the discipline is to provide up-to-date knowledge of theoretical
foundations, technologies of construction and main areas of implementation of genetic algorithms,
to develop ability to build evolution strategies.

2. IlonepenHi BUMOIH 10 ONAaHYBaHHS 200 BUOOPY HABYAJIBLHOI AUCHMILIIHH/
Preliminary demands to master or choice of the course discipline:

1. 3uamu: 6a30By AMCLUILTIHY - « MalIMHHE HAaBYaHHS», TEOPIIO aJrOPUTMIB, OCHOBHI CTPYKTYpPH
TaHUX.

2.  Bmimu: po3po0JiATH, aHAIi3yBaTH Ta 3aCTOCOBYBATH MPOTPaMHI CHCTEMH Ui PO3B’sS3aHHS
3aBIaHb Ta MPUKJIAJTHUX 33/1a4, BAKOPUCTOBYIOUH Cy4acHI METOAM PO3POOKH IpOorpam.

/
1. To know: the basic discipline - "Machine Learning", theory of algorithms and main data

structures.

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

3. AHoTauis HaBYaJIbHOI Aucuuniny / Synopsis of the course:

Jucuumnina «['@HeTH4HI aJroOpuTMH» HAJIEXKUTh 1O TMepeiKy BHOIPKOBMX HaBYAIbHUX
muctuiuiin. Bona 3abesneuye mpodeciiiHuid pO3BHUTOK MaricTpa, cnpsiMoBaHa Ha (opMyBaHHS
TEOPETUYHUX OCHOB, TEXHOJIOTI] MOOYIOBH Ta BUKOPHCTAHHS T€HETHMYHUX alITOPHTMIB, 30KpeMa,
PO3yMIHHS €BOJIIOIIMHUX CTpaTeriid, MUTaHb IMEepeaYacHOi 301KHOCTI Ta Cy4aCHUX IIIXOMIIB 10
MpOrpaMyBaHHSI.

/

The discipline " Genetic Algorithms " belongs to the list of selective disciplines. It provides the
professional development of muster students, aimed at the formation of theoretical foundations,
technology of construction and use of genetic algorithms, in particular, understanding of
evolutionary strategies, issues of premature convergence and modern approaches to programming.

4. 3aBnanns (HaByauabHi nimi)/ Objectives of study: HaOyTTs 3HaHb, yMiHb Ta HaBHUYOK
(KOMTIETEeHTHOCTEH ) Ha PIBHI HOBITHIX JIOCATHEHDb Y TEHETUYHUX AJITOPUTMaX. 30KpeMa, pO3BUBATH:

® 3JIaTHICTh CHUCTEMAaTHU3yBaTH Mpo(eciiiHl 3HaHHS IIMOJO0 CTBOPEHHS 1 CYNPOBOKEHHS
nporpamuoro 3abesneuenns (CK19.1);

® 3/IaTHICTh AaHAJI3yBaTW Ta BHUKOPHCTOBYBAaTH I1HTENEKTyalbHi i1H(OpMaIiifHi TeXHOMOTIT
MamuHHOTO HaBuaHHs (CK20.1);

® 3]IaTHICTh F'€HEPYBATH HOBI 1/1€1 (KPEaTHUBHICTBD);

® 3JIaTHICTh MPOBEJCHHS JIOCIIIKEHb Ha BIMOBITHOMY PiBHi;

® 3JIaTHICTh aHAJI3yBaTH MPEAMETHY 00JacTh, 1IeHTH(IKYBaTH, KJIacu(iKyBaTH Ta OMUCYBaTH
npo0yieMu, 3HAXOAUTHA METOAM U MiJXOIU A0 1X pO3B’S3aHHS 3 BUKOPUCTAHHSM I€HETHUYHUX
aNropuTMiB, (HOPMYJTIOBATH BUMOTH Ta OI[IHIOBATH PE3yJIbTATH;

® 3JIaTHICTh PO3BHUBATH ¥ peali30BYBaTH HOBI KOHKYPEHTO3MaTHI €1 B Tayy3l T€HETHYHHUX
AJITOPUTMIB;

® 3/IaTHICTb PO3POOJIATH Ta peanti30ByBaTH I€HETUYHI AITOPUTMU;

® 3/IaTHICTh 3aCTOCOBYBAaTH 1 pO3BHBATH (GyHAAMEHTAIbHI 1 MUKAMCIUIUTIHAPHI 3HAHHS,
BKJIIOYAIOUM MaTeMaTUYHi 1 HAyKOBI IPUHIUITH, TEOPIIO aITOPUTMIB;

® PpO3yMiHHSI TEOPETHYHHUX 3acajl, IO JIeKATh B OCHOBI METOJIB JIOCIHIKEHh T'€HETUYHHX
ANTOPUTMIB.
/
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Objectives (learning objectives): acquiring knowledge, skills and competences at the level of

the latest achievements in genetic algorithms. In particular, to develop:

ability to systematize professional knowledge on software creation and maintenance
(SC19.1);

ability to analyze and use intelligent information technologies of machine learning (SC20.1);
the ability to conduct research at an appropriate level,

the ability to conduct research at appropriate levels;

ability to analyse the subject area, identify, classify and describe problems, find methods and
approaches to solve them with genetic algorithms, formulate requirements and evaluate
results;

ability to develop and implement new competitive ideas in the field of genetic algorithms;
the ability to design and implement genetic algorithms;

the ability to apply and develop fundamental and interdisciplinary knowledge, including
mathematical and scientific principles, theory of algorithms

understanding of theoretical foundations that are in the basis of investigation of genetic
algorithms.

5. PesyibTaTH HaB4YaHHA 32 aucuuiIinow/ Results of learning:

Pe3yabTart
nauyanua (PH)
(1. 3HaTH; 2. BMiTH; ®opmu (Ta/ad0 MmeToau i BizcoTok
3. komyHikanis[; TEXHOJIOTiil) BUKJIAJaAHHS i MeToau OUiHIOBAHHSI Ta MOPOTOBUIA n.uz MKOBg]ﬁ
4. aBTOHOMHICTh Ta HABYAHHSA KpuTepiii oniHioBaHHs (3a lI(l) yiH i3
BignmoBigaabHicTh [ HeoOXigHOCTI) IR .
) M CHMILTIHT
Kon Pe3yabTaTr HaBUaHHS
3HATH MOCTAHOBKY OCHOBHHX 33124 Konmponvna poboma
F€HETUYHUX aJTOPUTMIB / . 1, Axkmuena poboma
PH 1.1 /LOI.1 PHTV .| Jlexyis / Lecture t pooo
To know the formulation of the main Ha neKkyii, yCcHi
tasks of genetic algorithms 810Nn086i0i Y
- ; 20%
3HaTH OCHOBHI MpoOIIeMHU Jlexyis / Lecture /
FEHETUYHUX AJTOPUTMIB / Test work, Active
PH1.2/LO1.2 oP
To know the main problems of work on lectures, oral
genetic algorithms answers
3HaTH cHemiaibHl Ki1acu Jlexyis / Lecture
reHeTHYHUX anroputMis\ To know
PH 1.3/LO1.3 the special classes of genetic
, Konmponvna poboma
algorithms
2, AkmusHna poboma
— ; Ha nexyii, ycHi
3HaTH OCHOBHI HiAXOAH 10 Jlexyis / Lecture . e
BHKOPHCTAHHS reﬂimimilx ! sionosioi / 20%
pHCT Test work, Active
QJITOPUTMIB B 3a/[auax
. o work on lectures, oral
PH 1.4/L0O1.4 OararoexcTpeManbHOI onTuMizauii /
. answers
To know the basic approaches of
genetic algorithms in multi-extreme
optimization
BMmiTH BUKOpHCTOBYBAaTH T€HETUIHI Koumponvna poboma
aJITOPUTMU B 3a1a9ax Texuis 3, Buxonanns
KOMOIHATOPHOI onTHMi3arltii / 4 o 3060aHb, GUHECEHUX
Be able to use genetic algorithms in camocmiuna Ha camocmitiny
PH2.1/LO2.1 . . R poboma/ 20%
combinatorial optimization problems Lecture pobomy / Test work,
e ’ Execution of tasks
individual work . AP
assigned to individual
work
BwmiTu po3po0iisiTi Ta aHaIi3yBaTH Jlekyis, Konmponvni pobomu
PH 2.2/L02.2 posp Y uA, pOTOHLD 20%
TeHETUYH] AJITOPUTMH camocmiina 1, 2, Buxouannus
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/ Be able to develop and analyze poboma/ 3a60aHb, BUHECEHUX
genetic algorithms Lecture, Ha camocmitiny
individual work | pobomy / Test work,
Execution of tasks
assigned to individual

work
3HaTH CydacHe eBOJIIOLIITHE Jlekyis, Buxonauns 3asoanw,
MporpamMyBaHHS Ta BMITH HOTO camocmiina BUHECEHUX Ha
BHKOPHUCTOBYBATH JIJISl PO3B’ SI3aHHSI poboma/ camocmiiiny pobomy

PH 2.3/L02.3 npuKiIagHux 3aaad/ Know modern Lecture, / Test work, 20%

evolutionary programming and be individual work Execution of tasks
able to use it to solve applied assigned to individual
problems work

6. ChniBBifHOLIECHHSI pe3yJbTATIB HABYAHHS JMCHMILUIIHM i3 NPOrpaMHMMH pe3yJbTaTaMH
HaB4yaHHsi / Correspondense between learning results and program study results

Pe3yabTaTu HaBYaHHS AUCHUILTIHA PH |PH |PH |[PH |PH | PH | PH

IIporpamMHi pe3yJbTaTH HABYAHHA 1.1 | 1.2 |13 |14 |21 |22 |23
[TPH18.1. BosiogiTt OCHOBHUMH METOIAMU
MAIIHHHOIO HaBYaHHS. / + + + +

PLO18.1. Master basic methods of machine learning.

[TPH19.1. BukopuctoByBatu Teopito irop,
MYJIbTHATCHTHI CUCTEMH, HABYAHHS 3 IMiAKPITICHHSIM
Ta T€HETUYHI1 aJTOPUTMH. / + |+ |+
PLO19.1. Use game theory, multi-agent systems,
reinforced learning and genetic algorithms.

7. Cxema ¢popMyBaHHS OLiHKH.

7.1. ®opmMu OLiHIOBAHHSA CTYJAEHTIB:

- ceMeCcTpOBe OLiHIOBAHHSA:

1. Axmusna poboma na nexyii, ycui gionogioi: PH1.1, PH1.2, PH1.3, PH1.4 — 5 6aniB / 3 Ganu;

2. Buxonamnus 3a80amnsb, sunecenux Ha camocmiiny pooomy: PH2.1, PH2.2, PH2.3 — 10 6aniB / 6
Oauis;

3. Koumponvna poooma 1: PH1.1, PH1.2, PH2.2 — 15 6amiB / 9 Ganis;

4. Konmponvua poooma 2: PH1.3, PH1.4, PH2.3 — 15 GamiB / 9 6anis;

5. Koumponvna poooma 3: PH2.1 — 15 G6anis / 9 Ganis;

3100yBa4 OCBITH MOXKe OyTH HEAOIYIIICHUH 70 MMiICYMKOBOT'O OIlIHFOBAHHS, SKIIO ITi/T 4aC CEMECTPY
BiH: 1) He OCSAT MiHIMAJILHOTO MOPOTOBOro piBHSA (60%) OLIHKK THUX pEe3yJbTaTiB HABUAHHS, SIKi HE
MOXYTh OyTH OIlIHEHI Il 4Yac TiJCyMKOBOTO KOHTpONIO; 2) HaOpaB KIJIbKICTh OalliB, IO €
HEJOCTAaTHHOIO JUISI OTPUMAHHS MO3UTHUBHOI OIIHKM HAaBiTh Yy BUMAJAKY JOCSTHEHHS HHM Ha
MiICYMKOBOMY KOHTPOJIi MAKCHMAJTBHO MOYKITHBOTO PE3YJIbTaTYy.

PexomennoBanmii MiHiMyM — 36 GaniB

/

1. Active work on lectures, oral answers: LO1.1, LO1.2, LO1.3, LO1.4 — 5 points / 3 points;

2. Assignments submitted for independent work: LO2.1, LO2.2, LO2.3 — 10 points / 6 points;

3. Test 1: LO1.1, LO1.2, LO2.2 - 15 points / 9 points.

4. Test 2: LO1.3, LO1.4,L0O2.3 - 15 points / 9 points.

5. Test 5: LO2.1 - 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
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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.

- MiZICyMKOBe OIiHIOBAHHS: iCTIUT.

- MAKCUMAIbHA KLbKicmb 0anie aKi moxcyms oymu ompumani cmyoenmom: 40 6amis;

- pe3yibmamu Hasuyanusa saKi 6yoyme oyinweamucsy: PH1.1, PH1.2, PH1.3, PH1.4, PH2.1, PH2.2,
PH2.3;

- hopma nposeoenns i 6udu 3a860aHb. TTMCHMOBA POOOTA.

PexomennoBanmii MiHIMyM — 24 GasiB.

/

- 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,L.02.1,L02.2, LO2.3;
- form and types of tasks: written work.

The recommended minimum is 24 points.

Bunau 3aBaanb: 4 nHCbMOBHX NMUTAHHSA.
° 1 muranng: PH1.1, PH1.3, PH2.1;
° 2 muranns: PH1.2, PH1.3, PH2.2;
° 3 muragnsg: PH1.3, PH1.3, PH2.3;
° 4 muranas: PH1.4, PH2.1, PH2.2, PH2.3;

3a po3ropHyTY BiAIMOBiAh HA KOXKHE 3aBIAHHS CTYIEHT Moxe orpumartu Bix 1 qo 10 Gauis.
Kpurepii oriHioBaHHs BiINOBI/II CTYA€HTA HAa TUTAHHS:

® TIOBHOTA PO3KPUTTS MUTAaHHS — 1-4 Oanu;

e JIOTiKa BUKJIaAeHHs — 1-2 Oaiu;

® AHAMITUYHI MiIpKyBaHHS — 1-4 O6amu.

/

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.

8. CTP}’KTYPA HAB‘IA‘:HI)HOT JUCHHUITJITHA
TEMATHYHUU TIJTAH JIEKIINU 1 JABOPATOPHUX 3AHSATH
‘ Ne | Hasga nexii ‘ KibKicTh roIuH
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JIeK- Cewminapu/ | Camoct
mii Jlexmii | maGoparop 1iiHa
Hi pobora
3microBuii moayab I. I'eneTuuHi aaropuT™Mu
Module I. “Genetic algorithms”
1 Tema 1. OCHOBHI MOHATTS T€HETUIHOTO AITOPUTMY/
Camocmitina poboma:
[IpoBecTu aHami3 mporpamu i 3MiCTy Kypcy Ta
PEKOMEHI0BAHOI JTITepaTypH.
/ 2 12
Theme 1. Introduction to computer vision.
Individual work:
To analyze the program and course content, as well as
recommended literature.
2 Tema 2. [Ipobnema mepeguacHoi 301KHOCTI Ta METOH ii
pO3B’sI3aHHS
Camocmitina poboma:
Onucaru criocodu mapasenbHOl peati3aiii TeHeTUIHUX
anroputMiB. [lopiBHITH MozeI.
/ 2 2 12
Theme 2. The problem of premature convergence and
methods of its solution.
Individual work:
To describe approaches for parallel realization of genetic
algorithms. Compare models.
3 Tema 3. CrenianpHi KJ1aCH TCHETUYHUX AJTOPUTMIB.
Camocmitina poboma:
Jnist mpukIaaiB JaHuX MoOyayBaTH TeHETHIHUH
QITOPUTM KOMOIHOBaHUX €BPHCTUK
/ 2 2 12
Theme 3. Special classes of genetic algorithms.
Individual work:
For data examples build a genetic algorithm of combined
heuristics
4 Tema 4. T'enernyuni ANrOPUTMU B  3a;adax
OararoekcTpeMalbHOI ONTHMI3aIil
Camocmitina poboma:
3acTocyBaTH METO HAa OCHOBI PO3IOILTY PIBHSA
IPUCTOCOBAHOCTI JI0 00PaHOTO MPUKIIATY
/ 4 2 12
Theme 4. Genetic algorithms in multi-extreme
optimization problems.
Individual work:
Apply the method based on the distribution of the level of
fitness for the selected example.
5 Tema 5. ['eHeTHYHI aNTOPUTMH B 3a7a4aX KOMOIHATOPHOT
ornrumizarii
Camocmitina poboma:
Jnst o6panoi 3amadi o0y IyBaTH po3B’sI30K 3 4 2 10
BUKOPUCTAHHSM T€HETHYHHUX JITOPUTMIB
/
Theme 5. Genetic algorithms in combinatorial
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optimization problems

Individual work:

To construct a solution using genetic algorithms for the
chosen task

Koumponvna poooma 1/ Control work 1

3microBuii Mmoayas II. 3acTocyBaHHSI TeHETHYHHX AJITOPUTMIB/
Module I1. Application of genetic algorithms

Tema 6. Ilpuxiagum  3acTocyBaHHA  T'€HETUYHHUX
QITOPUTMIB

Camocmitina poboma:

3acTtocyBaTy TeHETUYHUH aJITOPUTM B 33/1a4aX yIIaKOBKU
Ta PO3KPOIO.

/

Theme 6. Examples of application of genetic algorithms.
Individual work:

Apply genetic algorithm in packaging and cutting
problems.

Tema 7. Metoau po3poOKM Ta aHami3y TEHETHYHHX
QITOPUTMIB

Camocmitina poboma:

BukopucToByoun ekcriepuMeHTaTbHUN MiAXiA
MIpOaHai3yBaTH 3alPOTIOHOBAHUI T€HETUIHUHN aJTOPUTM.
/

Theme 7. Methods of development and analysis of
genetic algorithms.

Individual work:

Using an experimental approach to analyze the proposed
genetic algorithm

Tema 8. ba3zoBuii anropuT™ eBOJIOLIIHOI cTpaTerii
Camocmitina poboma:

[ToOyyBaTu anropuT™ eBOJIOLIHHOT cTpaTterii

/

Theme 8. Basic algorithm of evolutionary strategy
Individual work:

Build an algorithm for evolutionary strategy

Tema 9. CrierianbHi KJ1acu €BOIOIIMHUX CTPATeTin
Camocmitina poboma:
[ToOymyBaTH BKJIaJIEHY €BOJIIOIIAHY CTPATETIIO.

/

Theme 9. Special classes of evolutionary strategies.
Individual work:

Build an nested evolutionary strategy.

Konmponvna poooma 2/ Control work 2

3microBuii moayas III. EBosmoniiine nporpamyBanus/
Module III. Evolutionary programming

10

Tema 10. CyvacHe eBoIOIliiHE TTpOrpaMyBaHHS
Camocmitina poboma:
OmparrroBat MeTa-eBoJTtoIiiiHE TPOrpaMyBaHHS.

/
Theme 10. Modern evolutionary programming.
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Individual work:
Meta-evolutionary programming.

11

Tema 11. Tpaauuiiine eBoOLiiHE TPOrpaMyBaHHS
Camocmitina poboma:
BukopucraTtu eBosioLiifHe MpOorpaMyBaHHs B 3a/1a4ax

POTHO3YBaHHS 4 ) 10
/
Theme 11. Traditional evolutionary programming.
Individual work:
Use evolutionary programming in forecasting problems
Konmponvna poboma 3
BCbhOI'O 38 20 120

3aranpauii 06csr 180 200un, B TOMY 4uCHi:
Jlexmint — 38 2o0un.

Koncynpraniit — 2 coounu.

Jlaboparopuaux po0bit — 20 roauH,
Camocriitaa po6ota — 120 200uH.

9.

—

. A.E. Eiben, J.E. Smith Introduction to Evolutionary Computing (Natural Computing Series) 2nd

W

PexomennoBaHi q1kepesa

Ocnoeni / Main:

M.M. I'mu6oseus, H.M. I'ynaeBa Epomomniiini anropurmu. Kuis, HaVKMA, 2013.-821.

Eiben A.E. Introduction to evolutionary computing / A.E. Eiben, J.E. Smith; 2" printing —

Springer, Natural Computing Series, 2007. — 300p
ed. 2015 Edition

Hooamkxoei / Additional:

Dan Simon,Evolutionary Optimization Algorithms 1st Edition

Clinton Sheppard, Genetic Algorithms with Python 2016
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