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AHOTALIIA

Centomin €.K. dparmMeHTapHi MOJIEI B 33/1ayax ONTUMAJIbHOI Kiacudikalii.
— KBamidikamiitHa HaykoBa mpalis Ha IpaBax pyKOIHUCY.

Jucepraiiiss Ha 3700yTTS HAYKOBOTO CTYIEHs JokTopa (dinocodii 3a
cnemianpHicTIO 113 — [lpuknagHa martemaruka. — 3amnopi3bKUN HaIllOHAJIBHUN

YHIBEpCUTET, 3anopixoks, 2021.

HucepramiiiHa poO0oTa NpHUCBSYEHA Y3arajJbHEHHIO 1 PO3POOII TEOPETUUHUX
OCHOB MAaTe€MaTUYHOrO amapatry Juisl MoOyJOBU Ta JOCIIIKEHHS (parMEeHTApHUX
MoOJieNied Ta METaeBPUCTUYHUX METOMIB JJIsi PO3B’S3KY 3ajadi Kiacuikarrii.
Po3risHyTi B 1ucepTanii Mojell Ta METOAH MOXYTh BUKOPHCTOBYBATHCS MiJ 4ac
MOIIYKY PO3B’SI3KiB y 0ararbOX HayKOBHX Ta MPAKTHYHUX 3aja4ax, B TOMY YHCII,
3a/1a4l pO3MIIIICHHS BUPOOHHUIITBA.

Y Berymi  OOIpYHTOBAaHO aKTyallbHICTb TE€MH JUCEPTALIHOI  poOOTH,
chopMyJIbOBAaHO METy Ta OCHOBHI 3ajaul JOCIIKEHHs, MOKa3aHO iX 3B’S30K 3
HAyKOBHMMH TIporpamMamMu. BU3Ha4ueHO METOIU JAOCIIKEHHS, HAYKOBY HOBHU3HY Ta
MPaKTUYHE 3HAYEHHSI OTPUMAHUX PE3yJIbTaTIB.

VY po3aiii 1 mpoBeneHO OIS Pe3yNibTaTiB 32 TEMATHUKOIO JUCEpTaIliitHOl
po6otu. OOrpyHTOBAaHO BUOIP HAMPSAMKIB MOAANBIINX JOCHIIXKEHb, OB’ I3aHUX 3
pPO3B’S3KOM 3ajadi onNTHUMaibHOI Kiacudikarii. Po3rissHyTo Ta mpoaHai3oBaHO
ICHYIOY1 3a7a4i ONTUMAaJbHOI Kiacudikalii Ta METOIIB MOIIYKY iX pPO3B’S3KiB.
JocnimkeHo 00UUCTIOBAIBHY CKIaAHICTh ICHYHOUMX 3a7a4 Kiaacudikarii.

BusBieno, mo mocTaHOBKa 3aJaul MOIIYKY ONTHUMAajbHOI Kiacudikamii
JTIO3BOJISE€ BITHECTH 110 3a]jauy A0 OaraTrokputepiayibHUX. Malixke BCi MaTeMaTH4H1
METO/IM ONTHUMI3allii TPU3HAYEHO JJI BIAIIYKAHHS ONTUMAILHOTO PIIIEHHS OJHIET
byakmii — omHOoro kpitepito. ToMmy omHMM 3 BapiaHTIB  BUPINICHHS
OaratokpiTepialbHUX 3aBJaHb € ii MPUBEACHHS IO OJHOKPITEPIAJIbHOIO 3 OJIHUM

y3arajJbHEHUM KPHUTEPIEM.



[TpoananizoBaHo, IO 151 BUPILLIEHHS 3aBIaHHs Kiacu(ikaiii JT0CUTh TPUBAIUN
yac BUKOPUCTOBYBAJIHCS MeTonu HanOmmwkdoro cycima (Nearest Neighbor), K-
HanOmmxkgoro cycima (k-Nearest Neighbor); 0OaitecoBchki Mepexi (Bayesian
Networks); 1HAYKIIiS nepeB pilieHb, HEUPOHHI Mepexi (neural networks), meTon
OTMIOPHUX BEKTOPIB; CTAaTUCTUYHI METOAM, 30KpeMa, JiHIAHA perpecis;
kiacudikaiisg cbr — meTogoM abo 3a JOMOMOTOI TCHETUYHHUX aJlTOPUTMIB. AJie
O1TbII e(heKTUBHUMH ce0e TTOKa3aIi METaeBPHUCTUYIHI METOIH.

BusBneno, 1mo  OUIBIIICTh  3a7a4y  ONTUMAJbHOI  Kiacudikamii €
BXKKOPO3B’I3yBaHUMHM (CKJIAJHUMHU B OOUUCITIOBAILHOMY CEHC1), OCKUIBKH J0 HUX
MTOJIIHOMIAILHO 3BOAMTHECSA xo4ya 0 omHa NP-mmoBHa 3amava. s Takmx 3agad Ha
ChOTOJHI HEBIJOMI aJTOPUTMHU TOIIYKY TOYHOTO PO3B'S3KY MPOCTIMIMX, HIK
MOBHUH Neped1p BCIX JOMYCTUMHX PO3B'SI3KIB 3a7adl. TOMy € CeHC IIyKaTh MpOCTl
HAOJIMKEH1 aJITOPUTMH, K1 XOU 1 HE Jal0Th TOYHOTO PO3B'SI3KY, ajieé MalOTh BUCOKY
mBuIKo 110, Cepell TaKuX aJITOPUTMIB BUAUISETHCS KJac «0KaIIOHUX» aJrOPHUTMIB.

Bupineno HeBupimeHi 3agadi kiacu@ikaiiii, 30KkpeMa, po3Mi3HaBaHHS CIaMy
CJICKTPOHHOT MOIITH, 300pa)KeHb Ta MOBJICHHS B SIKOCTI IIU(GPOBOTO MAPOJIIO, OIIHC
mikpomatpuui JAHK Toimo.

Y po3mini 2 HaBeneHO psAI OCHOBHUX TIIOHSATH Ta peE3yibTaTiB, SKi
BUKOPUCTOBYIOTBCS B POOOTI Ta CTOCYIOThCS KOMOIHATOPHOTO 00’ €KTY
«pparmeHTapHa  CTpyKTypa». BuBuYeHO  0COOJIMBOCTI Ta  BJIACTHBOCTI
dbparMeHTapHUX CTPYKTYp, BCTAHOBJICHO 3B’S30K 3 KATETOPIEI0 «OMYKIICTH» Ta
3aJauer0  TMOKpUTTS  TpadiB. JlochaimKeHO TOHATTS  METaeBPUCTUKU  Ta
MIPOAHAII30BaHO METAEBPUCTUYHI METOAM MOIIYKY ONTHUMAIbHUX PIlIEHb Y 3a/aul
kiacudikaiii. BctaHoBaeHO 3B 30K MIXK 3a/1auei0 ONTHUMAIBHOI IIEPECTAHOBKH Ta
KJacudikarii.

Busznadeno, mo 3amadi onTuManbHOI Kiacudikarii Ha TUCKPETHUX MHOXKHHAX
MalOTh BEJHUKY KIJIBKICTh MepeBar. 30KpeMa, BOHMU aJ€KBATHO BIIOOPaXKaroTh
HEeJIHIMHI  3aJIeKHOCTI, HEMOJIIBHICTh O00'€KTIB, BpPaXOBYIOTh JIOTIYHI Ta

TEXHOJIOTT4HI OOMEKEHHS, @ TAKOXK «SIKICHI» BUMOTHU. AJie y IPUKIAJHUX 3a/1a4ax,



K TIPaBWIO, € 0OaraTo OOMEXKEHb, SKI YCKJIQJHIOIOTH 3aCTOCOBHICTH BIJOMHX
anroputMiB. ToMy 11 TaKMX 3a7]a4 € BUMIPABIaHUM 3aCTOCYBAaHHS METAaCBPHUCTHUK.

BusiBieHo, 10 eKCnepUMEHTaNbHI JOCHIIKEHHS PO3MOAUTY JIOKAJIbHHUX
ONITUMYMIB CBiTYaTh MPO BHUCOKY KOHIICHTpAIlIO iX B Oe3mocepeaHiii 0JIM3bKOCTI
B TJIOOQJIBHOTO ONTUMYMY (TilOTE3a MPO ICHYBAHHS «BEJIUKOI JOJUHW» IS
3aJlay Ha MIHIMyM a00 <«IIEHTPaJbHOTO TIPCHKOIO MAacuBY» I 3ajJady Ha
MaKCHUMYM).

[TokazaHo, mo mnpoOiemMa MOIIYKYy MOYATKOBUX MOIMYJSIN JUisl peaizalii
€BOJIIOLIMHO-(pAarMEHTapHOI MOJIENl 3BOJAUTHCA N0 3adaui nokpumms (abo
po36umms) npocmopy nepecmaHo80K ONYKIUMU MHONCUHAMU.

VY po3zaiai 3 po3risiHyTO (hparMeHTapHUI aIrOPUTM MOKPUTTS Tpady 3ipKamu.
[IpoaHasnizoBaHO HAWIIPOCTIII BapiaHTH 3a/1a4l PO3MILIEHHSI BUPOOHUIITBA 3 TOUKH
30py 3ajaaui kiacudikaiii, a TAKOXK HABEJIEHO METACBPUCTHYHI aJITOPUTMU MOIIYKY
ONTUMAJIbHUX PIIICHb CKJIAJIHUX 3a]1a4 PO3MIIIEHHS BUPOOHHIITBA.

CdopmynboBana 3agaya nokpuTTs: 3aaanuil rpadp G = (V, E), pebpa sikoro E
spaxkeHi (Qynkmicro p:E — R1. 3maiitu miAMHOXMHY MiHIMalbHOI Barm 3
HETMEePETUHHUX IO BEPIIMHAX 31pOK y 1boMy rpadi, 00'eTHAHHS SKUX MICTUTh BCI
BepmmHu rpady G.

[TobynoBano ¢dparmeHTapHy Mojenb 3adadi. MHOXHUHOIO eJIeMEHTapHUX
bparmeHTiB € MHOXHMHa E Bcix pebep rpady, eneMeHTH SKOTO HYMEpPYIOThCS
yuciamu 1,2,....m.

BusnaueHo yMOBY MpUEIHAHHS €IEMEHTApHOTO (parMeHTty: abo pedpo e; € E
Ma€ pIBHO OJIHY CIUJIbHY BEPIIMHY 3 OJIHIEIO 3 31pOK (hparMeHTa 1 151 BEpIIMHA —
HEHTP 31pKH, a0 11e peOdpo HE Ma€ 3arajJbHUX BEPIIUH 3 yKe oOpaHuMu pedpamu.
PosrisgaroTees TOBUIBHI BHOPSAAKYBaHHS pedep rpady, KOKHE 3 SIKMX OMUCYETHCS
NIEPECTaHOBKOIO 3 TPYIH MEPECTAHOBOK S, .

Po3rnsnyTo 3ama4l po3MileHHS BUPOOHHUIITBA — OJHI 3 HAWOIbII MOIIUPEHUX
Ta aKTyaJbHUX B HAIll Yac, 1110 MAIOTh MACOBUI XapaKTep.

Busnaueno, mo Halikpamy pe3ylbTaTH MPU PO3B’sI3aHHI 33Aadl MPO PO3MOILT

CKOHOMIYHOI'O HAaBaHTA)XCHHSA 3 YpaxXyBaHHAM  BIUIMBY Ha  HABKOJHWIIHE



CEpelOBUIIE JTEMOHCTPYE METOJ PO YacTOK 13 miadopoM Koedilli€HTIB
coliamizalii Ta nepcoHani3alii Ha OCHOBI TeHETUYHOTO anropuTMmy. B Tomy uuci,
11 pe3yibTaTH € KpaluMU 3a PE3yJIbTaTU T€HETUYHOTO aJTOPUTMY, SIKUU € IOCUTh
BIJOMHM TIpH PO3B’sI3aHHI JaHO1 3a4a4i. binbiie Toro, pe3yiabTaTd T€HETUYHOTO
AITOPUTMY € HAWTIPIIMMHU y TOPIBHAHHI 13 yciMa PO3MVIIHYTUMHU aJrOpUTMaMHU.
BusnayeHa JOILUIBHICTE BUKOPUCTAHHS METOJY POI0 YAaCTOK Ta (parMeHTapHOl
MOJIEIIi, @ TAKOX 1X MOAmQIKAIIii.

VY po3snini 4 6yno 3anponoHOBAaHO MpOrpamMHi peantizallii TeHepallii BUaJKOBUX
rpadiB Ta PO3B’SA3KY 3ajadl kKiacudikailii 3a JTOMOMOTOK METAeBPUCTHUYHHX
anropuTMiB. Byio poBeiIeHO NOPIBHIHHS €()EKTUBHOCTI pOOOTH alrOPUTMIB.

Hageneno anroputm renepaiiii rpadgis 3 50 BepmmHamu y po3pimkenomy (50
pebep) Ta HacuueHomy (500 peGep) Bapiantax. Pospimkenuit rpad He €
3B'SI3KOBUM, OCKUIBKM KOKHA MOro BepIIMHA 3'€HaHa TUIBKH 3 HEBEJIMKOIO
KUIBKICTIO 1HIIIUX BEPIIMH; HACHYEHUI rpad, 0€3CyMHIBHO, € 3B'SI3KOBUM, TOMY IO
KOYKHAa 110ro BepIlMHA MOB'A3aHa B cepeHboMY 3 20 IHIIMMU BepUIMHAMMU.

PosrisinyTo peanizaiiito CTBOpEHHsI BUNIAAKOBUX pedep. g 3a1anoi KiTbKOCTI
BepIIrH V TeHepYIOThCs JOBUIBHI pedpa, TOOTO mapu BUMaakoBuX yuceln Big 0 1o
V-1. PesynpTaroM, mBHAIIC 3a Bce, Oyae AOBUIBHUM MYJIbTUTpad 3 TETISIMH.
Bbynp-sika mapa Moe MICTUTH JBa OJHAKOBUX uucia (TOOTO MOMKIIMBI METIi); 1
OyIb-Ka mapa MOXE MOBTOPUTHUCS KiJdbKa pa3iB (TOOTO MOXJIMBI TapajieibHi
pebpa). Ilporpama reHepye pebpa mo Tux mip, MOKu He Habeperbes E pebep;
pILIEHHS PO BUJAJICHHS MapaiesibHUX pedep 3aIuIIaeThes 3a pealizaliero. Ko
BUJIAJIATH TapayiesibHI pebpa, TO B HACHYEHUX Tpadax KUIbKICTh T€HEPYIOThCS
pebep Oyzae 3HAYHO OinIbIe, HIXK KUTBKICTh BUKOpHUCTaHuX pedep (E); Tomy nanwmii
METOJ 3a3BUYail BUKOPHUCTOBYETHCS JIJIsI PO3PIIKEHUX TpadiB.

[IpoBeneHO OIIHKY $SKOCTI METAaeBPUCTUYHUX QJITOPUTMIB PO3B’S3KY 3aaadi
knacudikaiii Ha OCHOBI T'eHepallii BUMAaIKOBUX TpadiB 3a JOMOMOTH MOPIBHSHHS
pe3ynbTaTiB poOOTH ILOTO AJITOPUTMY 3 IHIIMMU aJrOpUTMaMU Ha JOCUTH

BEJIMKHI cepii 3a/1ay.



Jlist o1iHKY €(PEeKTUBHOCTI METAaCBPUCTUK Ha (PparMEHTAPHHUX CTPYKTypax Oysio
PO3pOOIICHO Mporpamy OIIHKU €(DEKTUBHOCTI JJI PI3HUX MOJCIBHUX 3a/1a4, B SKIA
JUIsl 0aratbOX JUCKPETHUX 3a/ad, 10 JOMYCKalTh (PparMeHTapHy Mojzelb, Oyiu
peari3oBaHi yHIBepCalibHI aJTOPUTMHU Py METaeBPUCTHUK. 30KpeMa, peanaizoBaHi
METO/i BUIAJAKOBOTO MOIIYKY, METOJl IT€PATUBHOIO JIOKAJIBHOTO MOIIYKY, METO]I
IMITarii BiAMANy, €BOJIOIIHHO-(DparMEeHTapHUN aJrOPUTM, METOJl MepeMIIaHuX
cTpubarounx xab. Y mporpami peamizoBaHi TeHEPATOp BUMAJAKOBUX 3aBlIaHb 3
pI3HUMH OOMEXeHHsIMU, ©0a3a JaHUX 3aBJaHb 1 TMporpaMa MOPIBHSHHSA
€()EKTUBHOCTI1 AJITOPUTMIB.

Jns 3agaui nokputts rpada 3ipKkaMu MPOBEACHO YKMCEIbHUN €KCIIEPUMEHT Ha
0a31 53 BUIIAJIKOBO 3re€HEpPOBAaHUX 3aBlaHb. Po3rismanucs 3B's3koBl Trpadu 3
yuciaoMm BepuuH Big 20 mo 50 1 3 minbHICTIO pedep 0,5-0,8. Jlng koxHOI 3 3aa4
Oyno moOynoBaHo ¢GparMeHTapHy MOJIENh 1 3aCTOCOBYBaacs Ipyna ajiropuTMiB
(BUNIQIKOBUN TIOIIYK, €BOJIIOIIHHO-(ppPAarMeHTapHUN aIrOpUTM, METOJH IMITallil
BiAnany tomo). IlapameTpu anropuTmiB MiAOUpaATUCA TaKUM YHHOM, MI00
TPYJAOMICTKICTh OOUHCIIEHb OyJia MPUOIN3HO OTHAKOBOIO.

Pe3ynpTaTu MOPIBHSHHS PI3HUX AJITOPUTMIB MOKA3yHOTh, IO KOAEH 3 HHUX HE
BOJIOJII€ SIBHOIO TiepeBaroro mepen iHmuMu. lle moGiyHO miaATBepIKye BiAOMY
TEOPEMY «IIPO BIJACYTHICTh OE3KOIITOBHMX OOIMIBY» JJII METAaeBPUCTHK. Takum
YUHOM, B YMOBaX peajbHOI eKCIUTyartallii po3yMHO 3aCTOCOBYBaTH HE OJHY, a
KUJIbKa METaeBpUCTUK 1 BHOMpaTH HaWKpamuii pe3ynabTaT. PosrnsHyTtuii B
JTUCEepTALiiiHIA poOOTI METOJ| BUKOPUCTaHHS (GparMeHTapHUX MoJenel as
MOIIYKYy CYOONTHMAJIbHUX pIllIeHb 3a7a4 Kiaacuikailii, J03BOJISIE TOPIBHSHO
MPOCTO TMOOYAyBaTU YHIBEpCaJbHY KOMI'IOTEPHY CHUCTEMY JJIS TaKUX 3aBJaHb.
[IpyyoMy yHIBepcaqbHUMU OynyTh MNPOrpaMH peani3alli MEeTaeBpUCTUK, a
IHIUBIIyAIbHUMH METOJM TOOYyJA0BH (parMEHTapHUX MOJENICH 1 aaropuTMHU

PO3paxyHKy 3HaUeHb KPUTEPIiB.



KawouoBi ciaoBa: ¢QparmenrapHa Mojenb, META€BPUCTUYHI METOJIH,
TeHeTUYHUI ~ alropuT™M, MeETOJ cTpuOarouux kald, 3aJaya  ONTUMAIbHOI

Kiacudikarii.



ABSTRACT

Selyutin E.K. Fragmentary models in optimal classification problems. —
Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 113 Applied Mathematics. — Zaporizhzhya National
University, Zaporizhzhya, 2021.

The dissertation is devoted to the generalization and development of the
theoretical basis for the mathematical apparatus for constructing and researching
fragmentary models and metaheuristics methods for solving a classification
problem. The models and methods considered in the thesis can be used for
resolving many scientific and practical problems, including the problem of
manufactory location.

The introduction substantiates the relevance of the study, formulates major
goals and objectives of the research, shows their connection with scientific
programs. Defined research methods, scientific novelty and practical significance
of the results.

The Chapter 1 shows the overview of the results on the subject of the
dissertation work. The choice of directions of further research related to the
solution of the optimal classification problem is substantiated. The existing
problems of optimal classification and methods of searching for their solutions are
considered and analyzed. The computational complexity of existing problems of
classification is investigated.

It was found that setting the task of finding the optimal classification allows
you to attribute this task to multicritical. Almost all mathematical optimization
methods are designed to find the optimal solution of one function — one copy.
Therefore, one of the solutions to multi-copy problems is to bring it to a single-key

with one generalized criterion.
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It was analyzed that the methods of the nearest neighbor (Nearest Neighbor),
K-Nearest Neighbor (k-Nearest Neighbor) were used to solve the classification
problem for quite a long time; Bayesian Networks; induction of decision trees;
neural networks, method of reference vectors; statistical methods, in particular,
linear regression; classification CBR — by method or by means of genetic
algorithms. But metaheuristic methods have shown themselves to be more
effective.

It was found that most optimal classification tasks are difficult to solve
(complex in the computational sense), since at least one NP-complete problem is
polynomially reduced to them. For such problems, today unknown algorithms for
finding an exact solution are easier than a complete selection of all permissible
solutions to the problem. Therefore, it makes sense to look for simple approximate
algorithms that, although they do not give an accurate solution, but have high
performance. Among such algorithms stands out class of "greedy" algorithms.

Unsolved classification tasks such as e-mail spam recognition, images and
speech as a digital password, description of DNA microarray are highlighted.

The Chapter 2 provides a number of basic concepts and results that are
used in the work and relate to the "fragmentary structure” combinatoric object. The
peculiarities and properties of fragmentary structures were studied, the connection
with the category "bulge" and the task of covering graphs was established. The
concept of meta-heuristics is studied and metaheuristic methods of searching for
optimal solutions in the problem of classification are analyzed. The connection
between the task of optimal permutation and classification has been established.

It is determined that the problems of optimal classification on discrete sets
have a large number of advantages. In particular, they adequately reflect nonlinear
dependencies, the indivisibility of objects, take into account logical and
technological restrictions, as well as "high-quality” requirements. But in applied
tasks, as a rule, many limitations complicate the applicability of known algorithms.

Therefore, for such tasks, the use of meta-heuristics is justified.



It was found that experimental studies of the distribution of local optimums
indicate a high concentration of them near of the global optimum (the hypothesis
about the existence of a "great valley" for minimum tasks or “central mountain
range" for maximum tasks).

It is shown that the problem of finding initial populations for the
implementation of an evolutionary-fragmentary model is reduced to the task of
covering (or breaking) the permutation space with convex sets.

The Chapter 3 discusses the fragmentary algorithm for covering graph
stars. The simplest options for the task of placing production in terms of the
classification task are analyzed, as well as metaheuristic algorithms finding optimal
solutions to complex production placement tasks are given.

The coverage problem is formulated: a given graph G = (V, E)) whose edges

E are weighted by a function p: E — R1. Find a subset of the minimum weight of
non-intersecting vertices of stars in this graph, the union of which contains all the
vertices of the G's graph.

A fragmentary model of the problem is constructed. The set of elementary
fragments is the E set of all edges of the graph, the elements of which are
numbered 1,2, ..., m.

The condition of joining an elementary fragment is determined: either the
edge e; € E has exactly one common vertex with one of the stars of the fragment
and this vertex is the center of the star, or this edge has no common vertices with
the already selected edges. Arbitrary orderings of the edges of the graph are
considered, each of which is described by a permutation from the group of
permutations S,,.

The problems of production location, the most common and relevant in
current time and which have a mass character, are considered.

It is determined that the best results in solving the problem of distribution of
economic burden considering the impact on the environment demonstrate the
method of swarming of particles with the selection of coefficients of socialization

and personalization based on a genetic algorithm. In particular, these results are



better than the results of the genetic algorithm, which is well known for solving
this problem. Moreover, the results of the genetic algorithm are the worst in
comparison with all the considered algorithms. The expediency of using the
method of particle swarm and fragmentary model, as well as their modifications is
determined.

The Chapter 4 proposed software implementations for generating random
graphs and solving the classification problem using metaheuristic algorithms. A
comparison of the efficiency of the algorithms was performed.

An algorithm for generating graphs with 50 vertices in sparse (50 edges) and
saturated (500 edges) variants is given. A sparse graph is not connected, since each
of its vertices is connected to only a small number of other vertices; a saturated
graph is undoubtedly connected, because each of its vertices is associated with an
average of 20 other vertices.

The implementation of creating random edges is considered. For a given
number of vertices V, arbitrary edges are generated, which means pairs of random
numbers from 0 to V-1. The result is likely to be an arbitrary multigraph with
loops. Any pair can contain two identical numbers (possible loops), and any pair
can be repeated several times (parallel edges are possible). The program generates
edges until E edges are typed; the decision to remove the parallel edges remains to
be implemented. If you delete the parallel edges, then in saturated graphs the
number of generated edges will be much greater than the number of used edges
(E); therefore, this method is usually used for sparse graphs.

The quality of metaheuristic algorithms for solving the classification
problem based on the generation of random graphs is evaluated by comparing the
results of this algorithm with other algorithms on a fairly large series of problems.

To estimate the effectiveness of metaheuristics on fragmentary structures, a
program for evaluating the effectiveness of various model problems was
developed, where for many discrete problems that allow a fragmentary model,
universal algorithms of a number of metaheuristics have been implemented. In

particular, the method of random search, the method of iterative local search, the



method of simulation of annealing, the evolutionary-fragmentary algorithm, the
method of mixed jumping frogs are implemented.

For the problem of covering the graph with stars, a numerical experiment
was performed based on 53 randomly generated problems. Connected graphs with
the number of vertices from 20 to 50 and with edges™ density of 0.5-0.8 were
considered. A fragmentary model was built for each of the problems and a group of
algorithms was used (random search, evolutionary-fragmentary algorithm,
annealing simulation method, etc.). The parameters of the algorithms were selected
so that the complexity of the calculations was approximately the same.

The results of comparing different algorithms show that none of them has a
clear advantage over the others. This indirectly confirms the well-known "No free
lunch™ theorem for metaheuristics. Thus, in the conditions of real operation, it is
reasonable to apply not one, but several metaheuristics and choose the best result.
The method of using fragmentary models for finding suboptimal solutions to
classification problems considered in the dissertation allows building a relatively
universal computer system for such problems. Moreover, the programs of
realization of metaheuristics will be universal, and the methods of construction of
fragmentary models and algorithms of calculation of values of criteria will be

individual.

Keywords: fragmentary model, metaheuristic methods, genetic algorithm,

jumping frog method, optimal classification problem.
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