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1 MeTta AucuMNJIiHM — BUBYCHHS CYYaCHHUX ITiIXOJIB 0 BUKOPHUCTAHHS 1/IeH IITYYHOTO 1HTEICKTY
Ha OCHOBI 0araToareHTHUX MOJeJNeH 1 MPUKIaTHIX METOIiB KOMOIiHATOPHOI onTuMi3arii Ta ix
3aCTOCYBaHHS y TEXHIlli, HAYKOBUX JIOCIIPKCHHSX, eKOHOMIIIi Ta Oi3Heci.

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 ITonepeaHi BUMOTH 10 ONIAHYBAHHSA 200 BUOOPY HABYAJBHOI IMCIMILIIHM:

3namu: wmarepian CTaHIAPTHUX YHIBEPCUTETCHKAX KypCiB MaTeMaTHYHOTO aHawi3y, JiHIHHOI
anreOpH, TOCIIHKSHHS OTepalliif Ta Teopii IPUHHATTS PillleHb.

Bmimu: mporpaMyBaTH OIHIEI0 3 aKTyaJlbHUX MOB NpPOTPaMyBaHHS, TBOPYO BHKOPHCTOBYBATH Yy
HAaBUYAJBHIA Ta JOCTIJHUIBKIA JisUTBHOCTI MaTepiall CTaHIApPTHUX YHIBEPCHUTETCHKUX KypCiB
MaTeMaTHYHOTO aHaji3y, JiHIHHOI anreOpu Ta JOCIiKEHHS OTepaii.

Preliminary demands to master or choice of the course discipline:

To know: 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 AHoTanisg HaBYAJIbLHOI JMCIUIIIHH

Jucuumiina "MyJbTHAareHTHI CUCTeMH" € CKJIAJIOBOIO YaCTHHOK OJIOKY MUCIUILIiH «ILITyunmii
iHTeNeKT» 3 HaOOpy AMCLUILIIH BUIBHOTO BHOOpY CTyneHTiB. BoHa 3a0e3medye o3HailOMIICHHS 3
aKTyaJIbHUMHU TpoOJieMaMu KOMOIHATOPHOT ONTHUMI3allii, TOTJIMONIEHHSI Ta YAOCKOHAJICHHS 3HAaHb
OCHOBHUX MPHUHLMIMIB pPO3POOKM MaTeMAaTUYHUX MOJeNeld Ta METOIIB pPO3B’sI3yBaHHS 3a7ay
KOMOIHATOpHOI OoNnTuMi3allii Ha OCHOBi OaratoareHTHOTO miaxoay. OTpuMaHi 3HAHHS MOXYTh OyTH
3aCTOCOBaHI B IMPAaKTUYHOMY 3aCTOCYBaHHI MOJENIeld 1 METOJIB KOMOIHATOPHOI ONTHMI3allii mpu
PO3B’s13yBaHHI 3a]1a4 ONTUMAJIbLHOIO IPOEKTYBaHHS, KepyBaHHS (DyHKIIOHYBaHHSIM €KOHOMIYHHX Ta
TEXHIYHUX 00’ €KTIB 1 CUCTEM, a TAKOX Y BUKOHAHHI HAYKOBHX MPOEKTIB.

Buknanaerbes y 4-my cemectpi, obcsr — 120 rog. (4 xpeautu ECTS), 3 Hux: nekmii — 24 rox.,
KOHCYMbTaIli] — 4 TOJ., camocTiiiHa poboTa — 92 roa. Ilepenbadyeno 3 yactuHu, 2 KOHTPOJIBHI pOOOTH
it icuT.

Synopsis of the course: The discipline "Multiagent Systems" is an integral part of the block of
disciplines "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 - 24 hours,
consultations - 4 hours, independent work - 92 hours. There are 3 parts, 2 tests and an exam.

4 3aBnaHHs (HaBYAJbHI Wiji)
HaOytTss 3HaHp, HEOOXiMHMX JIsI BUPIMICHHS mOpo0jeM po3poOKW, aHamizy 1 OOTpyHTYBaHHS
e(EeKTHBHUX METOIB PO3B’s3aHH: 3a/1a4 KOMOIHATOpHOI onTuMi3alii. 30KkpemMa, pO3BUBATH:

3K5. 31aTHICTh CHUTKYBATUCS 1HO3EMHOIO MOBOIO.

CK19.1. 3matHicTh  cucTeMaTu3yBaTH  mpodeciiiHi  3HaHHS  IIOJO0  CTBOPEHHS 1
CYIPOBOKEHHSI TPOTPAMHOTO 3a0e3MeUeHHS.



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:
3KS5. Ability to communicate in a foreign language.
CK19.1. Ability to systematize professional knowledge on software creation and

maintenance.

5 Pe3ynbTaTn HABYAHHSA 32 I CHUILTIHOKO

PesynbTaTr HaBuanus (PH) ®opmu MeToau ouninoBanHs| Bincorok y
(1 - 3naTu; 2 — BMiTH; 3 — KOMYHiKalisA; 4 — aBTOHOMHICTh Ta |BUKJIAJAHHS Ta miICyMKOBii
BiANOBiZAJIbHICTB) HaBYaAHHS ominmi 3
Kox |Pe3yiabTar HaBuUaHHA JUCIUILIIHA
PH 1.1 |3natu  ocHOBHI  cywyacHi Moxeni  KOMOiHaTOpHOI Jlexuis, KonrtponsHa pobora 20
OITHMI3allii, 30KpeMa, 6araToareHTHi caMocTiiHa (KP), icriut, pobora
To know the basic modern models of combinatorial| po6ota (CP) Ha JIeKIIii, yCHI
optimization, in particular, multi-agent / Lecture, BiJIMOBI/TI
PH 1.2 |3uary, sx peanizoByBaTu it nociimkysaru cydacui meroau | Individual work | /Test, exam, work on 20
koMOiHaTopHOI onTuMizawii 3 BukopuctaHHsm I111 (IW) lectures, oral answers
To know how to implement and research
modern methods of combinatorial optimization
using Al
PH 1.3 |3Hatu TeopeTHYHI OCHOBU JIOCHTIXKCHHS CKJIQJHOCTI
O0YHCITIOBATBHUX aJTOPUTMIB
Know the theoretical foundations of the study of the
complexity of computational algorithms
PH2.1 |Bmitu po3pobuisitu Ta obupatu edextuHi anroputmu | Jlekuis, CP KP, icrut, 3axuct 20
koMmOiHatopHoi ontumizauii 3 BukopuctaHHsMm imed | / Lecture, IW | mpoekty, nepeBipka
pOHOBOTO IHTENEKTY 3aBnanb st 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 BCTAaHOBIIOBATH OI[IHKH IIBHJKOCTI 301KHOCTI [epeBipka 3aBaaHb 20
OCHOBHHX aJITOPUTMIB KOMOIHATOPHOI ONMTHUMI3amii s CP, KP, 3axucr
Be able to establish estimates of the rate of convergence of MPOEKTY
basic combinatorial optimization algorithms / verification of tasks
for the IW, test,
project defense
PH 2.3 |BMiTH  3aCTOCOBYBaTH  aJrOPUTMH  KOMOiIHATOPHOI CP ITepeBipka 3aBaaHb 5
onTuMizalii sk e(peKTHBHY 3arajibHy METOJOJIOTI0 W s CP, 3axucr
HATPUMKH OPUHHSTTS PillIeHb IIPOEKTY
Be able to use combinatorial optimization algorithms as an /verification of tasks
effective general methodology for decision support for the IW,
PH3.1 |OOrpyHTroByBaTH BJIACHMH MOMISAA Ha JOCIHIIKYBaHY project defense 5
npobieMy, CIIUIKYBAaTHCS 3 KOJETaMH 3 HMHUTaHb PO3POOKH
ITOPHUTMIB Ta IIPOrpaMm, CKIaIaTH IMCbMOBI 3BITH
Justify your own view on the research problem,
communicate with colleagues on the development of
algorithms and programs, compile written reports
PH4.1 | demoncTpyBaTu ABTOPUTETHICTB, IHHOBALIHHICTB, 5
BUCOKMIl ~ CTyNiHb  CaMOCTIMHOCTI, aKaJeMi4Hy Ta

npodeciitHy 10OpOYECHICTh, BiAAHICTh PO3BUTKY HOBHX
inel abo mporeciB y nepeJoBuX KOHTEKCcTax mpogeciiHoi
Ta HayKOBOI IisUIbHOCTI.

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 |CraBurtucs BiANOBiZaJbHO 0 BUKOHYBAaHHX POOIT, HECTH 5
BIJIOBIZAIBHICTD 3a iX SKICTh

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

6 CniBBiZHOIIEHHS Ppe3yJbTATIB HABYAHHA MUCHHUILIIHM i3 NPOrpaMHHMH pe3yJbTaTaMu
HABYAHHS

Pe3yabTatH HaBYaHHA
JTUCIHHUTILTIHA

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

IIporpamni pesyabTaTn
HABYAHHS

(3 onucy ocgimuboi npozpamu,)

[TPH18.1. 3HaTu i 3acCTOCOBYBAaTH METOIU
IHTEJIeKTYaJIbHOI'0 aHaJi3y AaHUX Ta IITYYHOT'O
IHTEJIeKTY, 10 BKIIOYAIOTh METOIY KOMI FOTEPHOI
JIHTBICTHKH Ta KOMIT FOTEPHOTO 30DYy. + |+ |+ |+ ]+ |+ |+ [+ |+
To know and apply methods of data mining and
artificial intelligence, including methods of
computational linguistics and computer vision

7 Cxema ¢opmyBanHs ouinku / Evaluation scheme

7.1 ®opmu ouiHwBaHHA cTyaeHTiB/ Forms of evaluation:
- ceMecTpoOBe OL[iHIOBaHHA/ semester evaluation:
1. AktuBHA poboTa Ha nekiii, ycHi Bignosimi: PH1.1, PH1.2, PH1.3 — 5 6ainis/3 6any;
2. BukoHanHs 3aBHaHb 1t camocTiitHoi podoru: PH2.1, PH2.2 — 5 6anis/3 6anm;
3. KonarpompHa pobora 1: PHI.1, PH1.2, PH2.1, PH2.2, PH2.3, PH3.1, PH4.1, PH4.2 — 15
Oanis/9 Oaiis;
4. Konrposbna pobota 2: PH1.3, PH2.1, PH2.2 — 15 6anis/9 6anis;
5. 3axuct npoexty: PH2.1, PH2.2, PH2.3, PH3.1, PH4.1, PH4.2 — 20 6aniB/12 Oanis;
- mincymkoBe oninoBanHs/ final evaluation: icriut / exam.
1. MakcuManbHa KiTbKicTh 0aliB, SIKi MOXKYTh Oyt oTpuMaHi: 40.
2. PesynbraTtu HaB4aHHs, siKi omiHiot0TECs: PH1.1, PH1.2, PH1.3, PH2.1.

Ilo crynmenrax, siki HaOpasm B cemectpi MeHme 20 0ainiB, BUHOCHUTHCS pIIICHHS He
JIOMYCTHTH 10 CKJIaJaHHS ICIIUTY 13 PEKOMEHMAIEI0 31aTH KOHTPOJIBHI POOOTH Ta 3aXHCTHTH
MPOEKT O TOBTOPHOTO CKJIaAaHHS icruTy. OOOB’S3KOBUM € BHKOHAHHS 3aBJaHb, BHHECCHHUX Ha
caMocCTiifHy poOoTy, Ta KOHTPOJBHUX poOIT 3a rpadikomM pobodoi mporpamu. OOOB’SI3KOBUM ISt
ICTITY € BUKOHAHHA yCiX KOHTPOJIFHUX POOIT Ta 3aXUCT MPOEKTY /IO JaTH, BKa3aHOI BUKJIAJaueM.

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

3anuTaHHsa 10 KOHTPOJIbHOI podotu 1/ Test work 1
3arajpHa MOCTAaHOBKA 33724 KOMOTHATOPHOT ONITUMI3allii.
Cdepwu 3acTocyBaHHsI 3314 KOMOIHATOPHOT ONTHUMI3aIIii.
®dopmanbHe 03HaUCHHS 337]a4 KOMOIHATOPHOT ONTHMI3allii.
AnbTepHaTHUBHI O3HaYEHHSI KOMOIHATOPHOI OMTHUMI3aIlii.
Moneni 3a1a4 KOMOIHATOPHOT ONTUMI3AIIi].
[TocTaHoBKa 3a/1a4i KOMIBOsIKEpA.
[TocranoBKa 3a7a4 PO MPU3HAYCHHS.
3amadi MapmpyTH3amii TpPaHCTIOPTHHUX 3aC00iB.

NN LD




9. TloHATTS KOMOIHATOPHOTO MPOCTOPY.

10. IIpocTopu nepecTaHOBOK, PO3MIIIICHB, CIIOJYK.

11. O6uuncnroBanbHa CKIAAHICT 33/1a4 KOMOIHATOPHOT ONITUMI3allii.

12. Ionstrsa NP—cknanHoi Ta NP-11oBHOT 3a1a4i.

13. Ipuxnanu NP—cknagaux Ta NP-noBHUX 3a7a4 KOMOiHATOPHOT ONTHMI3aIlii.
14. Knacudikarlis aaropuTMiB KOMOIHATOPHOT ONTHUMI3aIlii.

15. Inest MeTomy TiJOK i MEX.

16. Iligxin neTepMiHOBAHOTO JIOKAIBHOTO MOMIYKY.

17. AnroputmMu JeTepMiHOBAHOTO JIOKAJIbHOTO MOLIYKY JJIs 3a/1a4i KOMiBOsIKEpa.

. 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 0 31N DN KW —

3anuTaHHA 10 KOHTPOJIbHOI podoTH 2 /Test work 2

CToxacTUYHMN JTOKaJbHUM MOLIYK.

O6uncnroBanbHa cxema anroputmiB CJIII ta ii mpakTryHa peamizariis.
IToBTOpIOBaHUH JTOKAJIBHUN MOITYK.

Metoau NprUCKOPEeHOro HMOBIPHICHOTO MOJICIIIOBAHHS.
MeTaeBpuCTUYHI OaraToareHTHI aarOpUTMHU.

Knacudikamii MmeTaeBpHCTHK.

['eHeTHYHI anTrOPUTMH.

MiMeTH4HiI aITOPUTMHU.

Peamnizamnis reHETHYHHUX aNTOPUTMIB Y KOMOIHATOPHHUX MPOCTOPAX.
10 Komu I'pest B KogyBaHHI GiHAPHUX MOCITiIOBHOCTEIA.

11. Kom0Ginaropuuii MeTo ehopMaltiid.

12. H-meTon y 3a7a4ax KOMOIHATOPHOT ONTUMI3allii.

13. AnroputMu onrTUMI3allii MypalImHIMH KOJIOHISIMH.

14. 3actocyBanns anroputmiB OMK 110 3amad KoMiBOsDKEpa.

15. PoiioBi anropurmu.

16. BxonuHI anropuT™MU.

17. KoomepaTiBHI METaeBPUCTHKHU.

LNk WD =

1. Stochastic local search.

2. Computational scheme of SLP algorithms and its practical implementation.
3. Repeated local search.

4. Methods of accelerated probabilistic modeling.

5. Metaheuristic multi-agent algorithms.



6. Classifications of metaheuristics.

7. Genetic algorithms.

8. Mimetic algorithms.

9. 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.

7.2 Opramnizanist OIHIOBAHHA:
Tepminu poBeZICHHS OI[IHIOBAHHS:

1. KonrponbHa pobota 1: 10 moyaTKy BUBYEHHS TeMH 9.

2. KonrponbHa po6oTa 2: 3a THXK/JI€Hb JI0 KiHISl HABYAJILHOT'O NEPioy.

3. 3aXMCT MPOEKTY: 3a /IBa THXKHI 10 KiHL HABYAJILHOTO MEPIoJy.

VY BumajKy BiJICYyTHOCTI 3 TIOBaKHMX TPUYMH BiNPAIlOBAHHS Ta Tiepe3/iadi KOHTPOJIbHI poOOTH
3AifcHIOIOTECS  BIMOBITHO 10 «IloJOXKEHHS Npo MOPSJOK OLIHIOBAaHHS 3HaHb CTYJICHTIB HpU
KpEJUTHO-MOIYNBbHIN CHCTEMI OpraHizailii HaB4aJIbHOTO mpotecy» Bifl 1 sxoBTHS 2010 poky.

7.3 IllkaJsa BigmoBiTHOCTI OIHOK

Bigminno / Excellent 90-100
Hoope / Good 75-89
3angoBinbHo / Satisfactory 60-74
He3agosinbuo / Fail 0-59




8 Ctpykrypa HaBuyaabHOI AUCHUILTIHU. TeMaTHYHMI IUIAH JIeKUil | NPAKTUYHUX 3aHATH

No

Ha3sBa Jjekuii

KinekicTh rognu

Jlexii

Camocriiina
podora

Yactuna 1 MartemaTuuni Mojei npodjaeM KoMOIHATOPHOI onTHUMi3anil
Part 1 Mathematical models of combinatorial optimization problems

Tema 1 Betyn 1o xypcy. 3aranbHa MOCTaHOBKA 3a7a4
KoMOiHaTOpHOI onTuMizatii. OCHOBHI c)epy BHHUKHEHHS 1
3aCTOCYBaHHS 3a]]a4 KOMOIHATOPHOT ONTHUMI3aIlii.

Camocmitina poboma: ANbTepHATHBHI 03HAYCHHS Ta MiCIIC
KOMOIHATOPHOI ONTHUMI3allil cepell 3aCTOCYBaHb METOIIB
OTITUMIi3aIlii.

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.

2

Tema 2 dopmManbpHe 03HAYCHHS 33]1a4 KOMOIHATOPHOT ONTUMI3allii.
[Ipuknanu moseneli 3aga4 KOMOIHATOPHOT ONITUMI3allii.
Camocmitina poooma: Mojieni: 3a1a4i KOMiBOsDKepa, KBapaTU4Hi
3a1a4i npo MpU3HAYCHHS, 3a1a4l MapIIPyTH3aIlii TPaHCTIOPTHUX
3aco0iB.

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 KomGiHaTopHi mpocTopu Ta iX 0COOTUBOCTI.

Camocmitina poboma: MeTpu3zallis MPOCTOPIiB NEPECTAHOBOK,
pO3MiIIeHb, OyeaHa.

Theme 3 Combinatorial spaces and their features.

Independent work: Metrization of permutation spaces, placements,
boulevard.

Tema 4 OOGuuncioBaigbHA CKIAIHICTB 33124 KOMOIHATOPHOT
OTITUMIi3aIlii.

Camocmitina poboma: Ipuximagn NP—cknagaux ta NP—ioBHUX
3aJ1a4 KOMOIHATOPHOI ONTUMI3aIlii.

Theme 4 Computational complexity of combinatorial optimization
problems.

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

Bcwvozeo no yvacmuni 1/ Total

24

YacTuHa 2 TpaekTopHi ajaropurMu
Part 2 Trajectory algorithms

Tema S Kiracudikaris anroputMiB KoMOiHATOPHOT ONTHUMI3aIIi].
Camocmitina poboma: MeToJ] TIIOK 1 MeX: 3arajibHa iJiest i CyTh
METOLLy

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 JleTepMiHOBaHMIA JIOKATBHUI MTOIIYK.

Camocmitina poboma: 3aCTOCYBaHHS alTOPUTMIB
JETepMiHOBAHOTO JIOKAJIBHOTO MOIIYKY JUTS PO3B’I3YBaHHS 33134
KOMIBOSIKEpa.

Topic 6 Deterministic local search.

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

Tema 7 CToXaCTUYHMN JTOKATBHUI MOLIYK.

Camocmitina poboma: IlutaHHs IPaKTUYHOI peaizaiii KIIFoU0BUX
acrnekTiB o0umncoBansHoi cxemu anroputmis CJIII.

Topic 7 Stochastic local search.

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

Tema 8 [loBTOproBaHUi JOKaNbHUM MOITYK.

Camocmitina poboma: MeToau MPUCKOPEHOTO HMOBIPHICHOTO
MO/JIEJIIOBAHHS.

Topic 8 Repeated local search.

Independent work: Methods of accelerated probabilistic modeling

Koumponvna poboma 1 Test 1

2

Bcewvozo no wacmuni 2 Total

6

24

Yacruna 3 [lonmyasiniiiHi 6araToareHTHi aJIropuT™MHu

Part 3 Population multiagent algorithms

Tema 9 MertaeBpucTHYHI OaraToareHTHi alTOPUTMHU.
Camocmitina poooma: Kpurepii kinacugikarlii METaeBpUCTHK.
Topic 9 Metaheuristic multi-agent algorithms.

Independent work: Criteria for classification of metaheuristics.

2

10

Tema 10 I'enetnuni Ta MiMeTHuHi anroputMu. OcoOIMBOCTI
peamizaii y KOMOIHATOPHUX MPOCTOpaXxX

Camocmitina po6oma: Bukopucranus kois Ipest 1u1s KoxyBaHHs
OiHapHUX MOCIiJOBHOCTEM.

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

Independent work: Using Gray codes to encode binary sequences.

11

Tema 11 KomGinaropuauii MmeTo nedopMartii.

Camocmitina poboma: Ilpuknaau 3acTocyBanb H-MeToay pu
PO3B'sI3aHHI MPUKJIAIHUX 337249 KOMOIHaTOPHOT ONTHMI3allii.
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 ONTHMI3alii MypaITHHUMH KOJIOHISIMH.
Camocmitina poboma: Po3B si3yBaHHS 3a7]ad KOMIBOsDKEpa
apropurmamu OMK.

Topic 12 Algorithms for optimization of ant colonies.
Independent work: Solving problems of the salesman by OMK
algorithms.

13

Tema 13 PoiioBi anroputmu B KOMOIHATOPHIHM ONTHMI3aIlii.
Camocmitina poboma: BaXONUHI aITOPUTMHU.
Topic 13 Swarm algorithms in combinatorial optimization.




Independent work: Bee algorithms.

14

Tema 14 KoormnepaTiBHi METa€BPUCTUKH. 1 8
Camocmitina poboma: Monene-opi€HTOBaHI aITOPUTMH.
Topic 14 Cooperative metaheuristics.

Independent work: Model-oriented algorithms.

Koumponvna poboma 2 Test 2 1
Bcvoeo no yvacmuwni 3 Total 12 44
BCBOI'O Total 24 92

3araabnmuii 06car 120 roauH, B TOMY YHCHI:
Jlekuiii — 24 roauH, KOHCYJbTAI] - 4 TOWHY, caMOCTiiiHa poboTa — 92 ToAuH.
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