ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2019

Results and conclusion. As already mentioned, the proposed model for calculating turbulent
heat fluxes and the total turbulent stress tensor, as, indeed, any other model of this class, is very
difficult to operate. For this reason, such models, despite all their positive qualities, can hardly be
recommended for use in engineering practice. In connection with this, the author made a systematic
simplification of the original complete model. All variants of simplification were verified by test
calculations of the problems solved by the full model. Simplification was very significant. Thus, in
particular, a simplified version of the model for calculating mixed convection on a vertical surface
contains only four parabolic differential equations and three ordinary ones. Calculations of friction
and heat transfer fully correspond to the calculations for the full model. Ordinary differential
equations in this case are solved by the simplest method of broken lines and, in fact, reduce to
algebraic relations. We note that the complete model contains 11 parabolic differential equations.
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BAI'ATOPOMOBUI AJITOPUTM MULTI-SWARM OPTIMIZATION TA
MOI0 BUKOPUCTAHHS ITPU PO3B’SI3YBAHHI 3AJJAY BIHAPHOI
KITACU®IKALII

Y pobomi pozensinymo 6acamopotiosuil ancopumm onmumizayii yacmunox (Multi-Swarm
Optimization Algorithm) Ons po3s’sa3yeanus 3a0ay 2106aibHOi onmumizayii, KUl iOHOCUMbCS 00
MemaespecmuyHux memooie. Memow oOanoi pobomu € peanizayis ma OO0CHONCEHHS OAHO20
aneopummy npu po3e a3yeami 3a0ay OnmuMizayii, a maxKoxic 1o2o 3aCMoCy8anHs 00 pO38 sA3Y8AHHSL
sa0ay Ginapnoi knacugixayii. Ilposedeno nopieHsANbHUL aHANI3 MA OOCHIONCEHO eQeKmusHicmb
aneopummy Npu  3HAXOONCEHHI 2100aNbHO20 MIHIMYMY Oeskux mecmosux @yukyit. Onucano
nocmanoeky 3adawi OiHapHoi niMiuHOI Kiacugbikayii. [[ns minimizayii @yukyionary noxudxku npu
no6yo0oei knacugikamopa sukopucmaro bazamopotiosuti areopumm MSO ma memoo cmoxacmuunoz2o
2paodieHMHO20 CHYCKY.

Knrouoei cnosa: bazamopotiosuil areopumm onmumizayii yvacmunox, areopumm MSO, 3adaua
onmumizayii, 3a0aua 6inaproi kiacupixayii

ITocranoBka npodaemu

VY cywyacHMX yMOBax B Haylll 1 TEXHIill ICHye CTiiika TEHJEHIis, IOB’sA3aHa 3
HEOOXIHICTIO PO3B’SI3aHHS ILIMPOKOIO CIEKTPYy MPAaKTUYHUX 3a7ad B ONTUMI3aLIHHIN
MoCTaHoBINL. J[JIs 1IbOTO 3aCTOCOBYIOTHCS IOCUTh PI3HOMAaHITHI METOJIU, ajie JajeKo He BCi 3
MOCTABJICHUX 3a7ad MOXYTh OyTH pPO3B’si3aHI 3 BUKOPHUCTAHHSM TPAAMLIMHUX MIIXOMIIB.
YMOBHO iCHYIOY1 METOJIM PO3B’si3aHHSA 3a/1ad ria00aibHOI ONTUMI3alli MOXKHA PO3AUIMTH Ha
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JNETEPMIHOBAHI Ta CTOXAaCTUYHI, TOOTO TakKi, 0 XapaKTEPU3YIOThCS OPTaHi3aIli€l0 MOIIYKY 3
BIICYTHICTIO a00 HasSBHICTIO IICEBJAOBUNAAKOBUX eneMeHTIB. OcoOnuBe MicIe cepen
CTOXaCTMYHUX METOMIB TMOCIAal0Th METOIU, SIKI IPYHTYIOTbCS Ha IMITalii HPUPOIHHUX
MPOIIECIB Ta PeAi3yIOTh aAaNTUBHUM BUMAAKOBUN MOTIYK.

Meton G6araTopoiioBoi € Bapianiero MeToay ontumizauii poem yactunok (PSO). Ilpu
upomMy MeTo MSO po3HIHproe MOXKIUBOCTI ONTUMI3aLll POEM YACTHHOK, BUKOPUCTOBYIOUU
KUIbKa pOIB IMITOBAaHMX YaCTHHOK, a HE oJuH pid. MSO € MeTaeBpUCTUUHUM METOJIOM, 11O
O3Hayae, M0 IS METOAMKAa € HaOOpOM MPHUHILMIIB IPOEKTYBaHHA, SKI MOXYTh OyTH
BUKOPHUCTaH1 JUIsl MOOYJOBU KOHKPETHOTO aIrOpUTMYy Ui PO3B’S3aHHS KOHKPETHOI 3ajiadi
ONTHUMI3allii.

BukJiiag ocHOBHOr0 MarepiaJy

1. Knacuunuii 6aratopoiioBuii aaropurm onrumizauii MSO

3anaya 0e3yMOBHOI rio0anbHOi onTuMizalii (GopMyIrOeThCs SIK 3ajada MIHIMIZaLii
1iboBo1 GyHKIIT f(x) B mpocTopi momryky D :

f(x) > min, X e D={xe R}, (D)

ne obnacte D — nilicHUi Tinepky® 3 po3MipHICTIO d, X — BEKTOpHUN apryMeHT LUIbOBOi
dynkuii £(x), a ii rmo6aneEU MiHIMYM gocsTaeThCSA y Touli X .

Y wmeront MSO pili yacTMHOK sIBisie CcOOOI0 CYKYIHICTh TOYOK-PO3B’A3KIB, fKi
MEepeMILIAIOTECA Yy MPOCTOpPI B IMOIIyKax IobanbHOro MiHiMymy. Ilpu nepemimieHHi
YaCTUHKM HaMaraloTbCsl MOKpPALIUTH 3HAWJACHUH HHUMH paHillle pPO3B’SI30K 1 NMPU LbOMY
O0OMIHIOIOThCA 1H(QOPMAIIEIO 31 CBOIMH CYCIAAMU.

3 pO€M YaCTHMHOK TaKOX aCOILIIETHCS MHOKHHA BEKTOPIB X MIBUIKOCTEH

V={v,v,,....,v}, (2)

KirouoBa onepartiiss B MSO — oGuuciaeHHsT HOBOi IIBUJIKOCTI Al yacTUHKUA. Ha HOBY
HIBUJKICTh JJIS1 aHOI YaCTUHKU BIUIMBA€ MOTOYHA HIBUAKICTH, MOTOYHUI CTaH, Hallkpaile
BIJIOME IOJIOKEHHSI YACTMHKH, HalKpallle BiIOMe MOJIOKEHHS Oy/1b-SKOi YaCTUHKU B TOMY XK
poOi, 10 1 YaCTUHKA, 1 HalKpalle BiJOME MMOJI0KEHHSI Oy/1b-sIKOT YaCTUHKU B Oy/Ib-sIKOMY POI.

vy =wy, +an (=, )+ e (g, -, ).
, , 3)
X; =X,V
Je v, i X, — HOBi WIBHJKICTH i MOJIOXKEHHS i-01 YACTMHKH;, p, — HAWKpAIle MOJOKEHH,
3HAICHE I1I€I0 YaCTUHKOIO padimie (personal best); s — Haiikpaie MOJOXKEHHS Oyab-IKOi
YaCTHHKH B POI; g — HalKpallle I0JI0KEHHs, 3HaleHe BciM poeM (global best); c,,c,,c; —

BIJNIOBIJHO KOTHITUBHUI, COLIaIbHUN Ta riI00albHUM KoeQIlieHTy; 7, 7, ,

7, — PIBHOMIPHO
pO3M0JIUIeH] BUNIaAKOBI yucna 3 HTepBany [0, 1]. ¥V dopmyni (3) nependayaerbes, 1Mo yac
MDK OHOBJICHHSIMH CTaHY YaCTUHOK posi Ar =1.

3HaueHHs KoedillieHTa W BIJIIIpPa€ BaXJIUBY pPOJb 1 BHU3HAYa€ KOMIPOMIC MIXK
NOCIKEHHSIM 1 JIOKajli3ali€o B MpocTopl momyky. I[lpy w>1 MBHIKICTE YaCTUHKU
30UTBIIYETHCS 1 Pii «pO3XOaUTHCs». [Ipn w <1 YaCTUHKYU CIIOBUILHIOIOTHCS JI0 THUX ITip, TTOKH
IIBUJKICTh HE CTaHE pIBHOIO HYM0. TakuM YUHOM, BEJIUKI 3HAUYE€HHS W CIPHUSIOTh
JOCIIIKEHHIO TIPOCTOPY TOIIYKY, a Majl — JIoKaimizarmii po3B’s3ky. OmHak, 3aHagTO Mai
3HaYeHHS W M030aBJSIOTh Piif 37aTHOCTI JOCHIIKYBATU MPOCTIp MOWIYKy. UM MeHiie w,
TUM OUIBIIMH BIUIUB KOTHITUBHOI Ta COI[laJIbHOT KOMIOHEHTH. SIK 1 1HIII MapameTpu,
ONTUMAJIbHE 3HAUYEHHS W MpPOOJIEMHO-OpPIEHTOBAaHE, TOOTO OOMpAaEThCS ISl KOHKPETHOT
3ajmaul. SKmo B Mpolieci ONTHUMI3alii YacTHHKA BHUXOJUTH 32 MEX1 MPOCTOPY MOILIYKY,
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BiIOyBaeTbCs OOHYJIEHHSI BIAMOBIIHMX KOMIIOHEHT 1i IIBUAKOCTI, a caMa YacTHUHKa
MOBEPTAETHCS 10 HAMOIMKUOT IPAHHULIL
Benuunnu BaroBux koediieHTIB y (3) oOuparoThCsl HACTYMHI
I<e,c,,c;<2, 4)
10 3a0e3neuye 30 KHICTh METOY.

Jnst miaTpuMaHHs OanlaHCy MDK JIOKQIBHUM 1 TJI00aJbHAM TONIYKOM, YHCEIbHI
3Ha4eHHs KOeQIUIeHTIB ¢, 1 ¢,, AK PaBWIO, OOUPAIOTHCA PIBHUMU. Y OUIBIIOCTI BUIIAJKIB
HalKpaili pe3yiabTaTH 1 cTabUIbHICTh MOUIYKY OTpUMYIOTh pu ¢ =0.5+1In2~1.19. ¥ MSO
MaJIo JOCIHIIKEHb KOHCTAHTH C;, TOMY 3a3BH4Yaii BUKOPUCTOBYIOTH 3HaueHHs 0.36.

Piii Bonoxie mnaM’ATTIO Tpo HalKpamll pO3B’SI3KM, 3HAWJEHI MHOro OKpeMUMHU
YacTUHKaMHM 1 BCIM poem B uuioMy. Ilin gac iHimiamizamii moyaTKOBI MO3MIIT YaCTUHOK
BBa)KalOThCsl Haikpamumu. Ha koxHill HacTynHi# itepanii anroputmy MSO iHIuBigyaabH1
Kpamil NHO3uLil KOXXHOI YaCTUHKM 1 HaWKpalle MOJO0XEHHS g, 3HailieHe BCIM pOeEM
OHOBJIIOIOTHCS 3a NPaBUIIAMHU

p; =X, akuwo f(x,) < f(p,)s

g = p o f(p) < f(g). )

2. Moaudikanii aaropurmy MSO

Icnye kxinpka crioco0iB 3mMiHM 0azoBoro anroputmy MSO. OnuH 13 MOXKJIMBUX BaplaHTIB
MOJISITa€ 'y TOMY, 1100 yac BiJl yacy 3HUULIYBATH BUIAJAKOBO BHUOpaHy YaCTUHKY, a IMOTIM
Hapo/DKyBaTH HOBY YacCTHMHKY 3aMicTh Hei. [l 1bOro Mo’KHa 3reHepyBaTH BUIIaJKOBE
3HaueHHs Mix 0 1 1, 1 30epertu iioro y ¢. Skmo nane Bunaakose 3HadeHHst menuie 0.005, To
MIOTOYHA YaCTHHKA MOBTOPHO CTBOPIOETHCS, 3HHUINYIOUYHM MOTOYHY YACTUHKY 1 HApOJKYIOUU
HOBY YaCTUHKY Y BUIaIKOBOMY MICII.

[Hmwmii BapianT Moaudikauii MSO — mozaenoBaTu IMMIrpailito, nepioguyHo O6epydH AB1
YaCTUHKH y PI3HUX POsX 1 00MiHIOI0YH iX. OHa YacTHHKA €PEKTUBHO MPOHUKAE B MOTOYHHMA
pii, a 1HIIIa YaCcTKa eMIrpye 3 POro.

3. Peagizauis Ta nocjigpkenus aaropurmy MSO

BbararopoiioBwuii anroputm MSO 06yB peanizoBanuii y cepenpouiri MATLAB R2012b.
[IpoBeneno nocmimkeHHs OratoporoBoro amroputMy MSO mns poss’szanss 3amadi (1) 3
BUKOPUCTAHHSM PI3HUX 3HaueHb napameTpiB N (KUIbKICTh iTepaniii) i k — KUIbKICTh poOiB,
po3MipHicTh mpoctopy momyky d = 2. Ilpu 1ipomMy alirOpuT™M 3aCTOCOBYBABCS /10 KOXKHOL
¢yukuii 10 pasiB, a oTpuMaHe 3HaYeHHS ycepeaHoBanocs. OnepkaHi pe3yabTaTH HaBEJIEHO Y
Tabdsn. 1.

byno npoBeneHO MOPIBHSHHS KIACMYHOTO aJITOPUTMY ONTHMI3allil POEM YAaCTHHOK Ta
JOCJTIKYBAaHOTO 0araTopoMoBOT0 alrOpuTMy ONTUMI3aIii YacTHHOK. OTpuUMaHi pe3yibTaTH
CB1IUaTh, M0 y OUTHIIOCTI BHUITAJKIB HaWkpaiie Metoa MSO BHKOHYE MOMIYK TI00ATBHOTO
MIHIMYMY NP BUKOHAHHI BEJIMKOI KUIBKOCTI iT€palliid Ta HEBEIUKIM PO3MIPHOCTI MPOCTOPY
nomryky. Metog MSO mnokasaB kpartili pe3yabTaTh sl BCIX TECTOBUX (PYHKIIIH, KpiM (YHKITIH
Pactpirina 1 IIBedena, OCKUIbKM MOIIYKOBUN alrOpUTM Ma€ TEHACHII0 3acTpsiBaTU B
OJIHOMY 13 JIOKQJbHUX ONTUMYMIB Ta 30iraTucs B HENMpaBUIbHOMY Hanpsamky. [lopiBHsUIBHUI
aHaJli3 pe3ynbTariB poboTu KiacuyHoro airoputmy PSO ta MSO mnokasas, 10 airoputm
MSO noxazas Kpaltili pe3yJabTaTd Ha OUIbIIOCT] PYHKITIH.

4. Po3p’si3anHd 3a1a4i OinapHoi kiacudikanii 3 BUKOpUCTaHHAM ajaroputmy MSO

Posrnsnemo 3amauy OiHapHoi kiacuikarii, KOJIM MHOXHHA MOXJIUBUX 3HaueHb
BIIMOBI/IEN CKIIAAEThCs 3 NBOX eneMeHTiB: Y ={—1,+1}. CykymHICTbh 00’€KTiB, SIKI MaIOTh
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OJIHaKOBY BI/AINOBIIb, Ha3UBalOTh KjIacoM. IloTpiOHO BCTAHOBUTH HAJIEKHICTH OO0 €KTIB
BHOIPKH JI0 OJTHOTO 3 JIBOX KJIAcCiB, TOOTO Kiacu(ikyBaTH iX.

o6 no6yayBatu diHIMHUNA Ki1acu(pIKaTOp HEOOX1THO:

- oOpatu pyHKIIOHAT TOXUOKH, TOOTO 3aaTH CIIOCIO BU3HAUEHHS SKOCT1 poOOTH TOTO
YM HIIOTO AJITOPUTMY Ha HaBYaIbHIM BUOIPILL;

- noOyayBaTu CIMEMCTBO aJITOPUTMIB, TOOTO MHOXXHHY aJITOPUTMIB, 3 SIKOi IOTIM Oyne
oOupatucst HallKpalyii 3 TOYKH 30py MEBHOTO (PyHKIIOHATY TOXUOKH;

- 3371aTU METOJ| HaBYaHHS, TOOTO BHU3HAYUTH CIOCIO BHOOPY KpalIOTo ajiropuIMy 3
100y/1I0BaHOTO CIMEWCTBA aIrOPUTMIB.

Tabmums 1
Pe3synbratu o6unciaroBaIbHUX €KCIIEPUMEHTIB
TecroBa dyHKIIs, N =50 N =100
TOYHUH PO3B’SI30K k=2 k=3 | k=5 | k=2 k=3 | k=5

1. Cdepuuna QyHkuis
d
S@) =2 %, f(X)=0
i=1
2. ®yukuis HBedena
2
(g . 1.13e-18(5.50e-21|4.73e-20| 0.0244 |3.54e-06|1.28e-10
f(X)=Z(ij] , f(X)=0
=1 Jj=1

6.79e-18|8.74e-20(3.79¢-20|4.89e-208.96¢-21 4.22e-20

3. ®yukuis Po3zenbpoxka
d-1

()= [100(x,,, —x*)* +(1-x,)’] 0.0366 |5.95¢-08|1.45¢-07| 1.5687 | 1.0032 |2.89¢-14
i=1

, (X)) =1

4. ®ynkuis Pactpirina

d
f(x)=> [x} —=10cos(27x,) +10], 0 0 0 0.8791 | 0.0257 [3.52¢-04

i=l
f(X)=0
5. ®ynkmis AnmaitHa

f(x)= i|xl. sinx, +0.1x,
f(XH=0

) 3.49e-10(2.35e-10|5.96e-11| 0.0019 |1.85e-02|3.51e-06

JliniiHl kiacudikaTopu NOBHHHI NOBEpTaTH OiHapHE 3HAYEHHSA, a OTXKE Yy SKOCTI
pe3ybTaTy MO>KHa OOMPATH 3HAK HACTYITHOI'O BUPA3y:

a(x) = sign(w, + i wx’), (6)

j=l
ne w, — BUIbHHN KoedimieHT, x’ — o03HaKa 00’€KTa, w, — BaroBUi KOEQIIIEHT IS

BIAMOBIAHOI O3HAKU, d — KUIBKICTL 00’ €KTIB.
Bupas <w, x> =0 € pIBHAHHAM JESKOI IUIOIIMHKU y MpocTopi o3HaK. Ilpu npomy s

TOYOK IO OJHY CTOPOHY B/ III€T MJIOMIMHU CKAIAPHUN TOOYTOK <w, x> Oyne nomatHiM, a 3

29



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2019

IHIIOrO — BII’€MHUM. TakuM 4YMHOM, JIIHIMHUN KIacu(IKaTop MNPOBOAUTH IUIOUIMHY Y
MIPOCTOP1 O3HAK 1 BUITHOCUTH 00’ €KTH 10 pi3H1 OOKH B HET 10 pi3HUX KiaciB (puc. 1).

Jia 3amadi JiHiIAHOT Kiacu@ikamii ODpUPOJHUM CHoci0 BU3HAYUTU SIKICTH TOTO YU
IHIIIOTO aJNTOPUTMY TIOJIATa€ B OOUYMCIEHI Uil OO0’€KTIB HABYAIBHOI BHUOIPKHM YaCTKH
HENpaBWIbHUX BIAMOBIJCH:

O(a,x) = ;Z[a(m £3]. 7

ne | — KUIbKICTh 00’€KTIB, y, — BIANOBLAb I JAHOTO 00 €KTA.

2

T

Puc. 1 'eomerpuunmii 3MiCT JiHIHHOTO KiI1acudikatopy [4]

Bupas (7) moxxHa mepenucatd AJi BUIAJKY JIHIHHOT Kiacudikanii y HaCTyMHOMY
BUTJISAIL:

Oax) =7 Xl {wi) <01= X [M, <0, ®)

@DyHKIIA, IO CTOITH I 3HAKOM CYMH, Ha3UBA€ETHCSA TTOPOTOBOKO (pyHKITiErO BTpat [4].
BuxopuctoByroun Oyab-Ky INIaJKy OLIHKY HOPOTOBOT (PYHKIIII:
[M, <0]<L(M,)

MOXHa TOOYIyBaTH OILIIHKY Q(a,x) ist pyHKIioHana noxudku O(a, x) :
~ 1&G - .
O(a.x) < 0(a.) = > L(M,) > min. )
i=1 a

Y poOoti ans noOynoBu JiHIMHOrO KiacugikaTopa OyneMO BHKOPHUCTOBYBAaTH
JIOTICTUYHY (YHKIIIIO BTpaT:

L(M)=log,(1+exp(-M)). (10)

B uutoMmy icHye nekiibka OCHOBHHMX aJFOPUTMIB ONTHUMI3allii, 10 3aCTOCOBYIOTHCS B
MaIllMHHOMY HaBYaHHI sl MiHIMi3a1ii QyHKIioHANMa MOXUOKU. Y maHid poOOTI 3aCTOCYEMO
pPO3MISIHYTUH anropuT™ OaratopoiioBoi ontumizamii MSO. ¥ MSO koxHa yacTHHKa Mae
MO3MIII0, fKa BIAMOBiae HaOOpy 3HAYCHb W-BariB, a pid — 1e HalIlp YaCTHUHOK, SIKi
PYXarThCS TaK, K BU3HAUYA€ IPYNOBA MOBEAIHKA, HAMPUKIIA, 3rpai ntaxiB. MSO nigrpumye
JEKUTbKa pOiB OJHOYACHO, IO B3a€EMOJIIOTH OJWH 3 OIHUM, Ha BigMmiHy Big PSO, ne
BUKOPUCTOBYETHCS OJMH PIil.

Jliia 3anadi OiHapHOT KiIacu@ikalii BAKOPUCTOBYBAJIM HACTYIHI HA0OpU JaHUX:

— 3agada npo BKMBaHHS XabepMana. /[aHa BuOipka MICTUTh pe3yJabTaTH OCITIHKEHHS
PO BW)KMBAHHS TMAIIE€HTIB, AKI TEPEHECIH OMepalilo 3 BUAAICHHS IYXJIUHH MOJIOYHOL
3ano3u. Bona cknagaerscs 3 200 00’ekTiB 3 4 03HaKaMHU: BIK MallieHTa B MOMEHT oIlepatlii, pik
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MIPOBEJIEHHS Olepallii, KUIbKICTh BUSBJIEHUX NYXJIWH Ta O3HAaKy BIDKMBaHHS (1 : maiieHT
MPOXUB 5 POKIB 1 OUIbIIe, —1 : MALlIEHT TOMEpP MPOTATOM 5 POKIB).

— 3amava imerTudikamii ckma. Jlana BuOipka mictuth 71 00’ext 3 10 o3HaKamu:
MMOKAa3HUK 3aJJOMJICHHS, BMICT HAaTPil0, MarHiro, allOMIHII0, KPEMHII0, KaJlifo, KaJbIliio, 0apiro,
3aji3a, Ta O3HaKy TUIy ckja (1 : TepMonosiipoBane ckjio, —1 : He TepMONOJIpOBaHE CKIO).

— 3ajmaya BU3HAYEHHS BHUIY KBITIB ipucy. Jlana BuOipka MicTuth 98 00’€KTIB 3 5
O3HaKaMu, cepes SKUX JOBXKHMHA Ta IIMPHUHA YalllOJIMCTKA, JOBXKHHA Ta IIUPHUHA MEIIOCTKH, 1
B BignoBimHO1 kBiTKH (1 : ipuc Cero3a, —1 : ipuc Bepcukomop).

Koxen HaOlp naHux po30HBaBcs Ha HaBYAJIbHY Ta TECTOBY BUOIPKHM Yy CHIBBITHOILEHHI
75% : 25%. Ha maBuanpHIil BUOOPII 3HAKIEMO BaroBi KOE(QIIEHTH W IUISXOM MiHIMi3aIlil
¢yHkuii BTpaT. g HaB4YaHHA KiacudikaTtopa 3actocyeMo Meto MSO, sKuil BUKOPUCTOBYE
10 poiB, koxxamit 3 30 uvactuHkamu. [Ipu 1bOMY OTpHMaHO HACTYMHI 3HAYEHHS BaroBUX
KoedimieHTIB: 3a1a4a BmkuBanHs Xabepmana w =(-0.5530; -0.0133; 0.0334; -0.0463); 3amaya
inentudikanii ckna w =(-0.8577; -2.2800; -0.4369; 1.1402; -1.8115; 0.0359; -0.6912; 0.7864;
1.9194; -1.2079); 3amaya BuU3HaA4YeHHS BUIy KBITIB ipucy w =(5.0000; -0.5710; 5.0000;
5.0000; -5.0000).

Takox a1 HaByaHHsS OlHApHOTrO Kiacu(ikaTopa BUKOPHUCTOBYBAIN KJIACHUYHHUI METOJ
PSO Ta Meronm cTroXacTHYHOTO TpadieHTHOTO CITycKy. JIis omiHKHM sKOCTi Kiacudikaropa
oOpaxoByBallu JIOJIIO MPaBUJIbHUX BIANOBIAEH Ha TecToBid BuOopui. OTpuMaHi pe3yabTaTH
MIpe/ICTaBJICHO y Ta0I. 2.

Tabmumsa 2
JloJist mpaBUJIBHUX BIAMOBIZEH HA TECTOBIN BUOOPIIL
Buwxmnsanns InenTudikamis 1
Merton nisi HaBYaHHS Xabepmana 8 1 pucu
ckia (10 o3HaK) (5 o3HaK)
(4 o3HaKN)
1. MSO 72% 62% 98%
2. Knacuunaunit PSO 72% 50% 97%
3. CTO)('aCTI/I‘{I:III/II/I 70% 50% 98%
I'PaJIEHTHUN CITYCK

Pesynpratn 00uYMCIIOBANIPHUX EKCIEPUMEHTIB MIATBEPIKYIOTh €(PEKTHBHICTH Ta
JOLUIBHICT BUKOpPUCTaHHS anroputMy MSO s MmiHiMIzanii QyHKIioHanTy NOXUOKU NpU
1o0y10B1 61HAPHOTO JIHIHHOTO KiIacu(ikaTopa Mo JOTICTUYHIN perpecii.

BucHoBku

Y poGoTi po3risHyTo 0araTOpoWOBHI aJITOPUTM OINTHUMI3AIlii YaCTUHOK Ta HOTO
MouGikaiii a7 po3B’sA3yBaHHS 3amad TI00anbHOI onmTuMizamii. JlociipKeHo 3alexHICTh
€(eKTUBHOCTI JAHOTO aJrOPUTMY BiJ KUIBKOCTI IT€palliif, pO3MIpHOCTI IPOCTOPY MOIIYKY Ta
KUIbKOCTI poiB. [IpoBeaeHo mopiBHsUIBHUN aHai3 OararopoiioBoro amroputMy MSO mnpu
3HAXOJKEHHI1 I100aIbHOTO MIHIMYMY TECTOBUX (DYHKIIIH.

PosrnsHyTHil anropuTM 3acTOCOBAaHO I MiHIMI3amil (yHKIIOHATY MOXHOKUA MpHU
noOynoBi OiHapHOTO JiHIAHOTO Kilacudikatopa. OTpumaHi pe3ylnbTaTd CBLAYATh PO
e(eKTUBHICTh 3aCTOCYBaHHs OaratopoiioBoro anroputmy MSO g ganoi 3agadi. Takum
YUHOM, JIOLUIBHO 3acTOCOBYBaTH airoput™ MSO 10 3ajady MallMHHOTO HAaBYaHHS Ta
31HCHIOBATH HOTO ITOJAJIbIIE BIOCKOHAICHHS.
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MULTI-SWARM OPTIMIZATION ALGORITHM AND ITS APPLICATION FOR SOLVING
BINARY CLASSIFICATION

Summary. Introduction. In modern conditions in science and technology, there is a steady
trend associated with the need to solve a wide range of practical problems in an optimization setting.
To do this, there are quite a variety of methods used, but not all of the tasks can be solved using
traditional approaches. Conditionally existing methods for solving global optimization problems can
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be divided into deterministic and stochastic ones, that is, those characterized by an organization of
search with the absence or presence of pseudorandom elements. A special place among stochastic
methods is the methods based on the simulation of natural processes that implement an adaptive
random search.

Multiplayer Optimization (MSO) is a method for evaluating solutions to complex or impossible
numeric tasks. This is a variation of particle swarm optimization. Regular models of particle swarm
optimization, such as in groups of birds and flocks of fish. MSO expands the optimization of the swarm
of particles using several swarms of simulated particles, and not one swarm.

MSO can be applied to several machine learning scenarios, such as estimating the values of
weight and displacement for an artificial neural network, or assessing the weight of weak students in
ensemble classification and prediction. MSO is meta-verbal, which means that this technique is a set
of design principles that can be used to construct a specific algorithm for solving a specific
optimization problem.

Purpose. Comparative analysis of MSO algorithm and its modifications for solving optimization
problems and linear classification problem.

Results. The paper deals with a multi-swarm algorithm for particle optimization and its
modification for solving global optimization problems. The dependence of the efficiency of this
algorithm on the number of iterations, the size of the search space and the number of swarms are
investigated. A comparative analysis of the multi-swarm MSO algorithm has been carried out in
finding the global minimum of test functions.

The presented methods are used to minimize the error functionality when constructing a binary
linear classifier. The obtained results testify to the efficiency of the application of the multi-swarm
MSO algorithm for this task. Therefore, it is advisable to apply the MSO algorithm for machine
learning tasks and to further improve it.

Conclusion. This article examines the multi-swarm particle optimization algorithm and its
modifications for solving global optimization related to metaheuristic methods, and applications for
solving binary linear classification problems is considered. The purpose of this work is to conduct a
comparative analysis of the multi-swarm algorithm of MSO and its modifications for solving
optimization problems. A comparative analysis was carried out and the efficiency of the algorithm was
investigated in finding the global minimum of some test functions. The formulation of the problem of
binary linear classification is described. To minimize the functional error in constructing classifiers, a
multi-swarm MSO algorithm with modifications and stochastic gradient takeoff method was used.

Keywords: multi-swarm optimization algorithm, MSO algorithm, optimization problem, the
problem of binary classification.
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