KUIBCbKHUH HAIIOHAJIbHUH YHIBEPCUTET
IMEHI TAPACA LWIEBUEHKA

@daKyJ bTeT KOMII'IOTEPHUX HAyK Ta KiGepueTruxy
Kadeapa TeopeTuaHOl KiOepHEeTHKH

POBOYA NPOLPAMA HABYAJBHOI IJUCHUIIJIIHHU
«MyJIbTHAT€HTHI CHCTEMID) / Multi-Agents systems
nasi cryaentis / for students

rajgy3b 3HaHb 12 «Indopmaniiini rexuostoriiy/ Information Technologies
creniagbHICTh 122 «Komm’oTepHi naykm»/ Computer Science

OCBIiTHi# piBEHb marictp / Master

OCBITHS ITporpaMa Martematiuni Meroau LItydnoro InTeekTy /

Mathematical Methods of Artificial Intelligence

BHJ] AMCIMIUTIHHA sinpHOrO BubOpy cTyaeHTa / free choice
dopma HaBUAHHS J€eHHA
HaBuanbHHi PiK 2020/2021
Cemectp 4
Kinskicts kpeautiB ECTS 4
MoBa BHKJIaJ[aHHsl, HAaBUaHHS
Ta OI[IHIOBAHHS yKpaiHCcbKa
dopma 3aKITIOYHOTO KOHTPOIIIO icmuT

Buknamau:  mpodecop, A.T.H., C.H.C. ['ynsauubkai J1.
npodecop, A.¢.-m.H. ITamiko A.O.

) « fh_0220L0p.

a
(mianuc, 115, nara)

[TposIOHroBaHo: Ha 20 24/20221.p

Ha 20 /20__ H.p. ( )«_» 20 _.p:

(mianuc, 1B, nara)

KHUIB - 2020



Po3poGuuku:
[amxo Anatoniit OnexciiioBud, 1. ¢.-M.H., npodecop kadeapu TEOPETHYHOI KiOepHETHKU

Tpoxumuyx Poctucias Mukonaitosud, K.¢.-M.H., JOLEHT, IOLEHT Kadeapu TeopeTuuHol
KibepHeTHKH

3ATBEPIDKEHO
3aB. Kadenpu TeOPeTHIHOT KiGEpPHETHKH

ey
A (Kpax FO.B.)
(ﬂ(i\q\l)&/lc) (npi3Buine Ta ininiamm)

Ipotokon Ne 4 Bix «Jux 5&@25M 2020 p.

CxBasieHo 'apaHTOM OCBITHbO-HayKOBOI nporpamu «MaTeMaTHYHi METO/AH LUTYYHOI'O
-

IHTeneKTy» /g/ (3aBazcbkuii 1.0.)

(migmuc) ="
«2 » yhimed 20 20p.

CXBalleHO HAyKOBO-METOIMYHOIO KOMici€ro (aKyipTery KOMIT'IOTEPHUX HAayK Ta KiGepHEeTHKH

[Tpotokon Big« 2 » wg ) Tl 20 20 poxy N

I'onoBa HayKOBO-MeTOMUYHOT KOMicii /% (Omenpuyk JIJL.)

%i}fmc) (npi3BuiLe Ta iHitiamm)
« 2_ » Wg ”M ZOQ POKY

© Mamxko A.O., Tpoxumuyk P.M. 2020 pix



1 MeTa qucuunJ/iHM — BUBUYCHHS CYYaCHHUX ITIIXO/IB 10 BUKOPUCTAHHS 1I6H MTYYHOTO IHTEIEKTY
Ha OCHOBI OaraToareHTHUX MOJEJeH 1 MPUKIaIHUX METOAIB KOMOIHATOPHOI onTUMI3alii Ta ix
3aCTOCYBaHHsI Y TEXHIIll, HAYKOBUX JOCIIIKCHHIX, EKOHOMIIIl Ta O13HECI.

Discipline aim. The purpose of the discipline is to study modern approaches to the use of artificial
intelligence ideas based on multi-agent models and applied methods of combinatorial optimization
and their application in engineering, research, economics and business.

2 IlonepeaHi BUMOTH 10 ONNAHYBAHHS 200 BUOOPY HABYAJIBbHOI I CIUILIIHN:

3namu: 6a3oBy aucuuiuliny «MalluHHE HaBYaHHSA», Marepiaj CTaHAAPTHUX YHIBEPCHUTETCHKUX
KypCiB MaTeMaTHYHOT'O aHaJli3y, JIHIMHOI anreOpu, JOCIIIKEHHS OmNepariil Ta Teopii MPUHHATTS
pillieHb.

Bwmimu: nporpamyBaTtu OJHI€I0 3 aKTyaJbHHUX MOB IpOrpaMyBaHHS, TBOPYO BHUKOPHCTOBYBaTH Yy
HaBUAIBHIM Ta MJOCHIAHUIBKIA AiSUIBHOCTI MaTepian CTaHJapTHUX YHIBEPCUTETCHKHX KYPCIB
MaTeMaTUYHOTO aHai3y, JJIHIHHOT aireOpH Ta JOCIIKEHHS OTeparliil.

Preliminary demands to master or choice of the course discipline:

To know: basic discipline “Machine Learning” material of standard university courses in
mathematical analysis, linear algebra, operations research and decision theory.

Be able to: to program in one of the current programming languages, creatively use in teaching and
research activities the material of standard university courses in mathematical analysis, linear
algebra and operations research.

3 AHOoTAaNis HABYAJBLHOI JUCIUITIHA

Hucuumiuina "MynbTHAreHTHI CHUCTEMH" € CKJIaJI0BOI0 YAaCTHHOK OJIOKY JIHUCHUIUTIH
«MaremaTi4HI METOJY IITYYHOTO 1HTEIEKTY» 3 HaOOpy AMCIMIUIIH BUIPHOTO BHOOPY CTYICHTIB.
Bona 3abe3meuye o3HallOMIIEHHS 3 aKTyalbHUMH THpoOieMaMu KOMOIHATOpPHOI onTuMizallii,
MOTJIMOJIEHHS Ta YAOCKOHAICHHS 3HaHb OCHOBHUX MPUHIIUITIB pO3pOOKH MaTeMaTHYHUX MOJIENel Ta
METOMIB pO3B’sI3yBaHHS 3aJau KOMOIHATOPHOI ONTHMI3allil HA OCHOBI 0araroareHTHOTO MiJIXOY.
OTpumaHi 3HAHHA MOXXYTh OyTH 3aCTOCOBaHI B MPAKTUYHOMY 3aCTOCYBaHHI MOJIEJEH 1 METOIiB
KOMOIHATOPHOI ONTUMI3allii MpHU PO3B’sI3yBaHHI 3ajjauy ONTHMAIBHOTO NPOEKTYBaHHS, KEPYBaHHS
(YHKIIIOHYBaHHSIM €KOHOMIYHHMX Ta TEXHIYHUX 00 €KTIB 1 CUCTEM, a TAKOK Y BUKOHAHHI HayKOBHX
MIPOCKTIB.

Buknagaerscs y 4-my cemectpi, oocsr — 120 rox. (4 kpeautu ECTS), 3 Hux: nekmuii — 22 rox.,
nabopatopHi — 8 rojl., KOHCYIbTaIll — 2 To1I., camocTiiiHa pobdoTa — 88 rox. [lepenbadeno 3 yacTunu,
2 KOHTPOJBHI POOOTH ¥ 1CTIUT.

Synopsis of the course: The discipline "Multiagent Systems" is an integral part of the block of
disciplines "Mathematical methods of artificial intelligence" on a set of disciplines of free choice of
students. It provides acquaintance with current problems of combinatorial optimization, deepening
and improving knowledge of the basic principles of development of mathematical models and
methods of solving combinatorial optimization problems based on a multi-agent approach. The
acquired knowledge can be applied in the practical application of models and methods of
combinatorial optimization in solving problems of optimal design, management of economic and
technical facilities and systems, as well as in the implementation of scientific projects.

Taught in the 4th semester, volume - 120 hours. (4 ECTS credits), of which: lectures — 22 hours,
labs — 8 hours, consultations - 2 hours, independent work — 88 hours. There are 3 parts, 2 tests and
an exam.

4 3aBnaHHs (HaBYAJIBbHI LLTi)
HalyTTsi 3HaHb, HEOOXIAHMX IS BHUpPIMIEHHS NpoOieM po3poOKH, aHaizy 1 OOTpyHTyBaHHS
e(peKTUBHUX METO/IIB PO3B’sI3aHH: 3a/1a4 KOMOIHATOPHOI onTuMi3allii. 30kpema, po3BUBaTH:
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3MaTHICTh CIUIKYBATUCS 1HO3EMHOIO MOBOIO.

CK109.1. 3natHicTs  cucteMaTH3yBaTH  mIpodeciiini
CYIIPOBOJKCHHS IPOTPAMHOTO 3a0e3MeYeHHS.

CK21.1. 3naTHiCTh 10 MPOEKTYBaHHS Ta peallizallii CUCTEM IITYYHOTO 1HTEICKTY.
Objectives of study: Acquisition of knowledge necessary for solving problems of development,
analysis and substantiation of effective methods for solving combinatorial optimization problems. In
particular, to develop:

Ability to communicate in a foreign language.

SC19.1. Ability to systematize professional knowledge on software creation and

maintenance.

SC 21.1. Ability to design and implement artificial intelligence systems.

3HaHHS  IOJ0  CTBOPEHHS 1

5 Pe3yabTaTi HABYAHHSA 32 TUCHHUILTIHOKO

Pe3yabraT HaBuyanus (PH) ®opmu MeTtoau ouiHoBanus| Bincorok y
(1 — 3HaTu; 2 — BMiTH; 3 — KOMYHIiKallisi; 4 — ABTOHOMHICTb TA |BUKJIAJaAHHA Ta nmiacyMKoBiii
BiIMOBiTaJIbHICTH) HAaBYaHHSA ominmi 3
Kon |Pe3yabTaTr HaBYaHHS TUCHHUILTIHA
PH 1.1 |3Hatu  oCHOBHI  cy4acHi Mojaeni  KOMOiHATOPHOL Jlexris, KonTpoasHa poboTa 20
OTTHMI3allii, 30KpeMa, ObaraToareHTHi caMocCTiiiHa 1,2 (KP), icriur,
To know the basic modern models of combinatorial| po6ota (CP) po0oTa Ha JIeKIIii,
optimization, in particular, multi-agent / Lecture, YCHI BiIIOBi i
PH 1.2 |3uaty, sk peanizoByBatH i mociikyBaru cydacHi meroau | Individual work | /Test, exam, work on 20
KOMOIHATOPHOT onTuMi3aiii 3 BukopucTanusm 111 (IW) lectures, oral answers
To know how to implement and research
modern methods of combinatorial optimization
using Al
PH 1.3 |3Hatn TeopeTHYHi OCHOBHM JOCHI/DKEHHS CKJIATHOCTI
00YHCITIOBAILHUX AJITOPUTMIB
Know the theoretical foundations of the study of the
complexity of computational algorithms
PH 2.1 |Bmiti po3pobnstn Ta obupatn edekrtusHi ainropurmu | Jlexuis, CP KP 2, icniur, 3axuct 20
KoMOiHaTOpHOi onTuMizanii 3 BuKOpucTaHHsM ixed| /Lecture, IW | mpoekry, nepeBipka
POMOBOTO IHTEICKTY 3aBaanb s CP
Be able to develop and choose effective combinatorial /Test, exam, project
optimization algorithms using the ideas of swarm defense, verification
intelligence of tasks for the IW
PH 2.2 |BMiTH BCTaHOBJIIOBATH OIIHKHA IIBUAKOCTI 301%KHOCTI ITepeBipka 3aBmaHb 20
OCHOBHHUX aJITOPUTMIB KOMOIHATOPHOT ONTHMIi3allii s CP, KP 1,2,
Be able to establish estimates of the rate of convergence of 3aXHUCT TPOEKTY
basic combinatorial optimization algorithms / verification of tasks
for the IW, test,
project defense
PH 2.3 |BmiTi  3acTocoByBaTW  airopuTMd  KOMOiHATOpHOI CP KP 1, ITepeBipka 5
ontuMizanii K e(eKTUBHY 3arajlbHy METOJOJIOTiI0 TW 3ananb 1 CP,
MiATPUMKH MPUAHATTS PIillICHb 3aXHCT NPOEKTY
Be able to use combinatorial optimization algorithms as an /verification of tasks
effective general methodology for decision support for the IW,
PH3.1 |OOrpyHTOBYBaTH BJIACHUIM TMOIJISN HAa JOCTIIKYBaHY project defense 5
mpoOieMy, CIUIKYBAaTHCS 3 KOJIETaMU 3 MUTaHb PO3POOKH
aJTOPUTMIB Ta IPOTPaM, CKJIAIATH MUCbMOBI 3BITH
Justify your own view on the research problem,
communicate with colleagues on the development of
algorithms and programs, compile written reports
PH4.1 |JIemoHcTpyBaTH aBTOPHUTETHICTB, IHHOBAIIHHICTB, 5
BUCOKMH  CTYHIHb  CaMOCTIHHOCTI, akaJeMiyHy Ta
npodeciiiHy 100pOYeCcHICTh, BIIJIAHICTh PO3BUTKY HOBHX
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et abo MpoleciB y MepefoBUX KOHTEKCTaxX NpogeciiHoi
Ta HayKOBOI JiSUTbHOCTI.

Demonstrate authority, innovation, a high degree of
independence, academic and professional integrity,
commitment to the development of new ideas or processes
in the advanced contexts of professional and scientific
activities.

PH4.2 |CraBuTHuCs BiAMOBIZANBHO MO0 BUKOHYBaHUX pOOIT, HECTH 5
BIAITOBINAJIBHICTD 34 IX AKICTH

Be responsible for the work performed, be responsible for
their quality

6 CniBBiTHOIIEHHSI pe3yJbTATiB HaBYaHHS IMCHUILUIIHM i3 NPOrpaMHHMMHM Ppe3yJbTaTaMH
HABYAHHA

Pesynbratn HaBYaHHA
TUCHUILTIHA

PH 1.1
PH 1.2
PH 1.3
PH 2.1
PH 2.2
PH 2.3
PH 3.1
PH 4.1
PH 4.2

IIporpamHi pe3yabTaTH
HABYaHHS

(3 onucy ocgimuvoi npoepami)

[TPH19.1. BukopuctoByBaTH TEOpItO irop,
MYJIbTHATCHTHI CUCTEMH, HABYaHHS 3
MIIKPIJICHHSM Ta TEHETUYHI AJITOPUTMH. / + |+ |+ |+ |+ |+ |+ |+ |+
PLO19.1. Use game theory, multi-agent systems,
reinforced learning and genetic algorithms.

7 Cxema ¢opmyBanus ouinku / Evaluation scheme

7.1 ®opmu ouniHoBaHHA cTyaeHTiB/ Forms of evaluation:
- ceMecTpoBe OLiHIOBaHHsA/ semester evaluation:
1. AktuBHa poOoTa Ha yekiii, ycHi Biamosini: PH1.1, PH1.2, PH1.3 — 5 6anis/3 6anu;
2. Bukonanns 3aBnanb Juisi camocTiiiaoi pobotu: PH2.1, PH2.2 — 5 6anis/3 6amnu;
3. Kontponpaa pobora 1: PHI.1, PH1.2, PH2.1, PH2.2, PH2.3, PH3.1, PH4.1, PH4.2 - 15
0aniB/9 Oais;
4. KoutponsHa pobota 2: PH1.3, PH2.1, PH2.2 — 15 6aniB/9 6anis;
5. 3axuct npoekty: PH2.1, PH2.2, PH2.3, PH3.1, PH4.1, PH4.2 — 20 Ganis/12 Oamnis;
- migcymkoBe oninoBanHs/ final evaluation: icriut / exam.
1. MakcuMaibHa KiJIbKiCTh OaliB, SIKi MOXKYTh OyTH oTpuMadi: 40.
2. PesynbpraTn HaB4YaHHA, sKi ominooThes: PH1.1, PH1.2, PH1.3, PH2.1.

[To crynenTtax, siki HaOpanum B ceMectpi MeHmie 20 OamiB, BHHOCHUTBHCS PIIICHHS HE
JOMYCTUTH 10 CKJIQJAHHS ICOHUTY 13 PEKOMEHIALIEI0 37aTH KOHTPOJIbHI POOOTH Ta 3aXUCTUTH
MPOEKT 10 MOBTOPHOTO CKJaAaHHs icnuty. OOOB’SI3KOBUM € BUKOHAHHS 3aBJaHb, BUHECCHUX Ha
CaMOCTiiiHY pOOOTY, Ta KOHTPOJILHUX pOOIT 3a rpadikom podouoi mporpamu. OG0B’ S3KOBUM IS
ICTIUTY € BUKOHAHHSA YCIX KOHTPOJIBHUX POOIT Ta 3aXUCT MPOEKTY 10 AaTH, BKA3aHOI BUKJIaJa4ueM.

For students who scored less than 20 points in the semester, a decision is made not to admit
to the exam with a recommendation to pass tests and defend the project before re-taking the exam. It
is obligatory to perform the tasks assigned to independent work and control works according to the
work program schedule. Mandatory for the exam is the performance of all tests and defense of the
project before the date specified by the teacher

3anuTaHHA 10 KOHTPOJILHOI podoTH 1/ Test work 1
3aranpHa MOCTAaHOBKA 33/1a4 KOMOIHATOPHOT ONTHUMI3AIlii.
Cdepu 3acTocyBaHHs 33124 KOMOIHATOPHOT ONTHMI3aIlii.
dopmanbHe 03HaUCHHS 3a7a4 KOMOIHATOPHOT ONTHUMI3aIlii.
ANbTepHATUBHI O3HaYeHHS1 KOMOIHATOPHOT ONTHMI3aIlii.

© MMamko A.O., Tpoxumuyk P.M. 2020 pik

el S




Mopeni 3a1a4 KOMOIHATOPHOT ONTHUMI3AIT].

[TocTanoBka 3a1a4ui KOMiBOSDKEpA.

[ToctanoBKa 3a/1a4 po MPU3HAYECHHS.

3amaui MapHIpyTU3aLii TpPaHCTIOPTHUX 3aCO0i1B.

9. TloHATTS KOMOIHATOPHOTO MIPOCTODPY.

10. IIpocTopu mepecTaHOBOK, PO3MIIIEHb, CIIONYK.

11. O6uncoBaibHA CKJIAIHICTh 3a7a4 KOMOIHATOPHOT ONTUMI3allii.

12. TTonsartss NP—cknaaroi Ta NP—1ioBHO1 3a1ayi.

13. Tlpuxmagun NP—cknaganx ta NP—oBHUX 337124 KOMOIHATOPHOT ONTUMI3aIIii.
14. Knacuikais anroputMiB KOMOIHATOPHOT ONTHMI3aIlii.

15. Inest MeToMy TUIOK 1 MEXK.

16. Iligxin AeTepMiHOBAHOTO JTOKAIBLHOTO MOMIYKY.

17. AnropuT™MHu IeTEpMiHOBAHOTO JIOKAIBHOTO MOITYKY JJIs 3a/1a4i KOMiBOsDKEpa.

o N oW

. General formulation of combinatorial optimization problems.

. Areas of application of combinatorial optimization problems.

. Formal definition of combinatorial optimization problems.

. Alternative definitions of combinatorial optimization.

. Models of combinatorial optimization problems.

. Statement of the problem of the salesman.

. Statement of tasks about the appointment.

. Vehicle routing tasks.

. The concept of combinatorial space.

10. Spaces of permutations, placements, connections.

11. Computational complexity of combinatorial optimization problems.
12. The concept of NP-complex and NP-complete problem.

13. Examples of NP-complex and NP-complete combinatorial optimization problems.
14. Classification of combinatorial optimization algorithms.

15. The idea of the method of branches and boundaries.

16. Deterministic local search approach.

17. Deterministic local search algorithms for the salesman problem

O 00 1IN DN B W~

3anuTaHHs 10 KOHTPOJILHOI podoTn 2 /Test work 2

CTOoXaCTUYHUH JTOKAJIbHUI MOIIYK.

Ob6uucmioBanbHa cxema anroputmiB CJIII Ta ii mpakTryHa peasizaris.
IToBTOpIOBaHMI JTOKAJBLHUM MOIIYK.

MeTou TPUCKOPEHOT0 HMOBIPHICHOTO MOJICITFOBAaHHS.
MeraeBpucTHYHI OaratoareHTHi alrOpUTMH.

Knacudixkarii meTaeBpuCTHK.

['eHeTHYHI aITOPUTMHU.

MimeTn4Hi anropuTMH.

9. Peaizariis reHEeTHYHUX AJNTOPUTMIB Y KOMOIHATOPHUX MPOCTOPax.
10. Koxu I'pest B KoyBaHHi GiHAPHUX TOCITITOBHOCTE.

11. KombinaTopuuii Meron nedopmartii.

12. H-meton y 3aauax KOMOIHAaTOPHOT ONTUMI3aIIii.

13. Anroput™M# ONITUMI3AIlT MypaIIMHUMH KOJIOHISIMH.

14. 3actocyBanns anropurmiB OMK 1o 3amau komiBosokepa.

15. PoiioBi anropuTMu.

16. bxonuHi anropuTMH.

17. KoorepaTuBHI METaCBPUCTHKH.

XN R

1. Stochastic local search.
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. Computational scheme of SLP algorithms and its practical implementation.
. Repeated local search.

. Methods of accelerated probabilistic modeling.

. Metaheuristic multi-agent algorithms.

. Classifications of metaheuristics.

. Genetic algorithms.

. Mimetic algorithms.

. Implementation of genetic algorithms in combinatorial spaces.
10. Gray codes in coding of binary sequences.

11. Combinatorial method of deformations.

12. H-method in combinatorial optimization problems.

13. Algorithms for optimization of ant colonies.

14. Application of OMK algorithms to salesman tasks.

15. Swarm algorithms.

16. Bee algorithms.

17. Cooperative metaheuristics.

O 0N L B~ W

7.2 Opramnizauisi OLiHIOBAHHS:
Tepminu poOBeIeHHS OLIIHIOBAHHS:

1. KonrponbHa poboTa 1: 10 moyaTky BUBYEHHS TeMu 9.

2. KontposnbHa poboTa 2: 3a THXKJIEHb 10 KiHIS HABYAJIBHOTO MEPioay.

3. 3aXHCT MPOEKTY: 3a JBA THXKHI 70 KIHI HABYAIBHOTO TIEPIOTY.

VY BHUIAKy BIICYTHOCTI 3 MOB&XHUX TMPUYMH BIANPAIFOBAHHS Ta Tepe3aadi KOHTPOJIbHI poOoTH
3MACHIOIOTECS  BimoBiaHO 10 «llojokeHHsT Tpo TOPSIOK OIIHIOBAaHHS 3HAHb CTYJCHTIB TIPH
KpEeIUTHO-MOYJIbHIN CUCTEMI OopraHi3alii HapuaibHOTro mporecy» Bif 1 sxoBTHA 2010 poky.

7.3 llIxaJya BinnoBixHoOCTI OIHOK

Bigminno / Excellent 90-100
Hoo6pe / Good 75-89
3anoBinbHo / Satisfactory 60-74
He3agoBinbno / Fail 0-59
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8 CTpykTypa HaBYAJBLHOI AUCHMILTIHU. TeMaTHUYHUI NJIAH JeKUid | NPAKTUYHUX 3aHATH

Ne

Ha3Ba jgeknii

KinbkicTh rogun

Jlexuii

JlaGopa
TOPHi

Camocrilina
poborta

Yacruna 1 MaremaTnuHi MmojeJii npo6eM KOMOiHATOPHOI ONITUMI3

Part 1 Mathematical models of combinatorial optimizati

arii

on problems

Tema 1 Betyn 10 Kypcy. 3arajibHa TOCTaHOBKA 3a7a4
KoMOiHaTOpHOI onrtuMizariii. OCHOBHI cdepu
BHUHHUKHEHHS 1 3aCTOCYBaHHS 3aJ1a4 KOMOIHATOPHO1
OINTHMI3aIlii.

Camocmitina poboma: AnbTepHATUBHI O3HAYEHHS Ta
Miclle KOMOIHAaTOPHOI ONTUMI3aIlii cepel 3aCTOCYBaHb
METOIB OIITUMI3allil.

Theme 1 Introduction to the course. General formulation
of combinatorial optimization problems. The main areas
of origin and application of combinatorial optimization
problems.

Independent work: Alternative definitions and place of
combinatorial optimization among the applications of
optimization methods.

1

Tema 2 ®opmanibHe 03HAYCHHS 337124 KOMOIHATOPHOT
onrtumizanii. [Ipukiaau moneneit 3a1a4 KOMOIHATOPHOT
ornruMizarii.

Camocmitina po6oma: Moneni: 3aa4i KOMiBOsSDKEDa,
KBaJpaTUYHI 33/1a4l PO NMPU3HAYCHHSI, 331241
MapuIpyTU3aLii TPaHCIOPTHUX 3aCO0i1B.

Theme 2 Formal definition of combinatorial
optimization problems. Examples of models of
combinatorial optimization problems.

Independent work: Models: problems of a salesman,
quadratic problems about purpose, problems of routing
of vehicles.

Tema 3 KoMmOGiHaTOpHI IpOCTOPH Ta iX OCOOIUBOCTI.
Camocmitina poboma: Metpu3zartisi IpocTOpiB
MIEPECTaHOBOK, PO3MIIIIEHb, OysieaHa.

Theme 3 Combinatorial spaces and their features.
Independent work: Metrization of permutation spaces,
placements, boulevard.

Tema 4 OOuncarOBaIbHA CKIIAAHICTD 3a0a4
KOMOIHAaTOPHOT ONTHUMI3aIllii.

Camocmitina poooma: lpuknagu NP—cknagaux ta NP—
MMOBHUX 33J1a4 KOMOIHATOPHOT ONTHMI3aIlii.

Theme 4 Computational complexity of combinatorial
optimization problems.

Independent work: Examples of NP-complex and NP-
complete combinatorial optimization problems.

Bcwvozo no yvacmuni 1/ Total

4

2

24

YacTtuna 2 TpaekTopHi aIropurMmu
Part 2 Trajectory algorithms
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Tema S Knacugikanis aropurmiB KoMOiHaTOPHOT 1 6
ornruMizarii.

Camocmitina poboma: MeToJ TiJIOK 1 MEX: 3arajibHa
71es1 1 CyTh METOTY

Topic 5 Classification of combinatorial optimization
algorithms.

Independent work: The method of branches and
boundaries: the general idea and essence of the method.

Tema 6 JlerepMiHOBaHUI JIOKAJIBHUH MOIIYK. 1 6
Camocmitina poboma: 3aCTOCYBaHHSI aJITOPUTMIB
JeTepPMiIHOBAHOT'O JIOKAJIILHOTO MOIIYKY JJIst
PO3B’s3yBaHHS 3a/1a4 KOMiBOsSDKEpa.

Topic 6 Deterministic local search.

Independent work: Application of deterministic local
search algorithms for solving salesman's problems.

Tema 7 CToxacTUUHUH JIOKATBHUM MOIIYK. 1 6
Camocmitina poooma: IluTaHHs MPaKTHUYHOI peami3artii
KITFOUOBHUX ACTMEKTIB OOYNCITIOBAIBHOT CXeMHU
anroputmiB CJIIT.

Topic 7 Stochastic local search.

Independent work: Questions of practical realization of
key aspects of the computational scheme of SLP
algorithms.

Tema 8 [loBTOproBaHMIl JIOKAJIBHUM MOLITYK. 1 2 6
Camocmitina po6oma: MeToau MpUCKOPEHOTO
HWMOBIPHICHOTO MO/ICTFOBaHHSI.

Topic 8 Repeated local search.

Independent work: Methods of accelerated probabilistic
modeling

Konmponvna poboma 1 Test 1 2

Bcvozo no yvacmuwni 2 Total 6 2 24

Yacruna 3 Honyasinilini 6araroareHTHi aJIropuTMu
Part 3 Population multiagent algorithms

Tema 9 MeraeBpucTHYHI OaraToareHTHI1 arOPUTMH.
Camocmitina poooma: Kpurepii knacudikaii
METaeBPUCTHUK.

Topic 9 Metaheuristic multi-agent algorithms.
Independent work: Criteria for classification of
metaheuristics.

Tema 10 ['eHeTHuHI Ta MIMETHYHI aJITOPUTMHU.
OcobnuBocTi peanizaiii y KOMOIHATOPHUX IPOCTOpPaX
Camocmiiina poboma: Bukopucranus koxis Ipes s
KO/yBaHHsI OiHApHUX MOCIIiJOBHOCTEH.

Topic 10 Genetic and mimetic algorithms. Features of
implementation in combinatorial spaces

Independent work: Using Gray codes to encode binary
sequences.

Tema 11 KomGinatopawuii meto aedopmarrii. 1 6
Camocmitina poooma: Ilpuknanu 3actocyBanb H-
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METOJy TPH PO3B'sI3aHHI MPUKIIATHUX 33129
KOMOIHATOPHOT ONTHUMI3aIlii.

Topic 11 Combinatorial method of deformations.
Independent work: Examples of applications of the H-
method in solving applied problems of combinatorial
optimization.

12

Tema 12 Anroput™mu ontuMizanii MypamMHUMU
KOJIOHISIMH.

Camocmitina po6oma: Po3B’s13yBaHHS 3a7a4
KoMiBosDKepa anroputmMamu OMK. 2 8
Topic 12 Algorithms for optimization of ant colonies.
Independent work: Solving problems of the salesman by
OMK algorithms.

13

Tema 13 PoiioBi anroput™Mu B KOMOITHATOPHIM
OINTHMI3aIlii.

Camocmitina poboma: BIKOJIMHI aJITOPUTMH.
Topic 13 Swarm algorithms in combinatorial

optimization.

Independent work: Bee algorithms.

14

Tema 14 KoonepatnuBHI METa€BPUCTUKH.

Camocmitina po6oma: Mojene-opieHTOBaH1 alTOPUTMHU.
Topic 14 Cooperative metaheuristics.

Independent work: Model-oriented algorithms.

Koumponvna poboma 2 Test 2 1

Bcvozco no ywacmuwni 3 Total 12 4 40

BCbhOI'O Total 22 8 88

3araasuuii o6car 120 ronuH, B TOMY YKCIHI:
Jlexmiit — 22 roauH, 1a60paTOPHUX — 8 TOAWH, KOHCYJbTAIK - 2 TOAWMHU, CaMOCTiliHa poOoTa — 88
TOIMH.
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