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AHAJII3 AJITOPUTMIB PO¥IOBOI'O IHTEJIEKTY
Kymin A.IL.!, Koceiit M.IL.!
I Kpusopisvkuti HayioHansHull yHieepcumem, Kpusuii Pie, Ykpaina

AHoTamisgs. Y uili pobomi nposedeHo 02190 anzopummis potieozo iHmesnekmy,
8UCBIMJIIOIOUU 3HAYHULL NOMEHYIan ma nepcnekmueu po3eUMKY MYJbMUAEHMHUX
cucmemM ma poiiosozo iHmenekmy. Ilidkpecnioemecs mpusana O0CNIOHUYBKY
akmueHicms y Uiti 2any3i ma 6e3nepepsHe po3ulupeHHs cdep 3acmocysaHHs. Busuaiouu
pi3Hi docnidxiceHHss ma nyoaikayii, poOUumMuscs 8UCHOB0K NP0 B8AMIUBICMb HMezpayii
nioxodie 3 pi3HUX HAYKOBUX OUCYUNJIH O/ BUPIWEHHS PIZHOMAHIMHUX [ CKAAOHUX
npobnem 3a 00NOM02010 potiosozo iHmenekmy. MaiiOymHi docnioxieHHs cCnpAMOBAHi HA
HadaHHs Oinbll 0emanbHO20 AHANI3y MA NOPIBHSIHHSA PI3HUX AN20PUMMi8 poLio8ozo
iHmenekmy y pi3HuUXx cpepax 3acmocy8aHHsl.

KimiouoBi cioBa: wmyuHuil iHmenekm, iHmMenekKmyaivHuil azeHm, MyJabMmudzeHmHi
cucmemu, potioguti iHmenekm, anzopummu onmumizauii potiogozo iHmenekmy.

B maHuii yac, MyJAbTMAareHTHi CUCTeMM BCe 4YacTillle BUKOPUCTOBYIOTHCS Y
IMIMPOKOMY CIIeKTpi HAyKOBMX Ta TexXHIUHMX 00JiacTeil, CTalouyM KIUYOBUM
eJleMeHTOM B eBOJIIOLIii Ta pO3BUTKY Cy4YaCHUX T€XHOJIOTI.

Ile 0co6aMBO aKTyaJbHO ITiJ Yac BiliCbKOBMX KOHQUIIKTiB, KoMK MOTpeba B
CaMOCTiiHMX cHUCTeMaX 3 PO3BUMHEHMMMU MOXJIMBOCTSIMM iHTEeIEeKTyaJbHOIO
KepyBaHHSI 3HAYHO 3POCTAE, MO MiAKPECTI0€ BaX/IUBICTh Ta aKTYaJIbHICTb PO3BUTKY
MYJIbTUAT€HTHUX CUCTEM.

LIs1 TeXHOJIOTiS B’K€ BUKOPYMCTOBYETHCS B O€3ITI/IOTHUX JIiITAJIbHUX arlapaTax, siki
eKCIUTyaTyIOThCS Y BiliCbKOBili cdepi, CiIbCbKOMY rOCOAAPCTBi, chepax MOIIYKY Ta
pSATYBaHHS, OYAiBHUIITBI Ta €KOJOTIUHOMY MOHITOPUHTY.

Ananitnuni gasi [Error! Reference source not found.] Bka3ywoTbh Ha Te, 110
00CSIT PUHKY BiliICbKOBMX 0Ge3MiJIOTHMUX JiTabHMUX amapaTtax B 2022 polli CTaHOBUB
npu6m3Ho 12,55 minbsapau monapis CIIA, B 2023 - 36inpmuBcsa g0 14,14 minbsipais
nmojnapiB CIHA B 2023 potii i MpomoBKUTH 30iab1ryBaTICs A0 35,60 MiTbSpiB gomapiB
CIIIA mo 2030 poky, 3 cepefHIM piuHMM TEeMIIOM 3pPOCTaHHS Ha piBHi 14,10%.

Cepep, K/IIOUOBMX I'paBIiB HAa [[bOMY PMHKY BMPIi3HSIOTbCSI TakKi KOMIIaHii, SIK
Lockheed Martin, Northrop Grumman, General Atomics, i Boeing. IlIBuake

3pOCTaHHS TIOMUTY Ha BiliICbKOBi IPOHM CBiAYMUTH PO 3HAUHY yBary Ta iHBeCTUIIii B
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IaHy o0yIacTh, a TaKOX IPO MacoOBe 3aCTOCYBAaHHSI APOHIB Yy BiliCbKOBUX I[iJISIX.
Takuit  iHTepec  0OOYMOBJIeHMIA  Cy4aCHMMM  BiliCbKOBUMM  KOHQJiKTaMU
(moBHOMacIiITabHe BTOprHeHHs Pocii B VYkpainy 3 24 miotoro 2022 poky Ta
TEepOPUCTUYHI aTaku Xamacy IpoTu I3paino 3 7 koBTHS 2023 poKy), a TaKOX
CTPIMKMM PO3BUTKOM Y rajy3i IITYYHOTO iHTe/JIeKTy B OCTaHHi POKM.

PoitoBUii iHTENEeKT - 1le TUI MYJIbTUAareHTHUX CUCTEeM, HAAUXHYTUX IIPUPOAOI0,
Ile 6araTo MPOCTMX areHTIiB MpPaIioOTh Pa30M, iMiTyIOUM MOBEIiHKY ITPUPOIHUX
pOiB, TaKMX SIK pOi KOMax, 3rpai nTaxiB, Ta iHIMX TBapuH. Lli areHTU B3a€EMOiIOTh
MiXX CO0010 Ta 3 OTOUEHHSIM 3a JOTIOMOTI'0I0 ITPOCTMUX MpaBMJI, IO IO03BOJISIE iM Pa3oM
BUPIITYBaTM CKJIaAHI 3aaayi.

PoiioBuii iHTeNneKkT € OfHi€l 3 ranayseli WTYYHOTO iHTEIeKTy, SKa AMHAMIYHO
pPO3BUBAETHCS. SIK TIOMEpegHMKIB pOMOBOrO iHTEJEKTy MOXHa 3TafaTu Tpu
aJTOPUTMM: AITOPUTM CTOXacTUUHOro audysiiHoro momyky (SDS - Stochastic
Diffusion Search), mypamunamuit anroputm (ACO - Ant Colony Optimization) Ta
MeTo[, poto yacTok (PSO - Particle Swarm Optimization).

CimeliCcTBO a/JITOPUTMIB POMOBOr0O iHTE/JEKTY IIPOAOBXKYE PO3IMIMPIOBATHUCS.
YV kuu3i Agama CirioBika HagaHo Tepenik 45 anroputmis[Error! Reference source
not found.] BnopsigkoBaHMX 3a 1aTO CTBOPEHHS (PUCYHOK 1).

AJITOPUTMM POIIOBOTrO iHTENEKTY - NPUKIAJ TOTO, SK MPUPOAHI Ipolecu Ta
MoBe/liHKa MOXXYTb OYTM afJamnToBaHi [JisI BUpillleHHS CKIaJHUX 3aBAaHb y cdepax
OIITMMIi3allii, ITOIIYKY Ta iHIIMX 00YMC/IIOBAIbHUX 3aauax.

OCHOBHMMM pHcaMM IIMX aJATOPUTMIB € iX 3HaTHICTb A0 CaMOOprasisailii,
THYYKiCTb, MacCIITaO0OBaHICTh Ta POOACTHICTb.

CTpyKTypa aJiITOpUTMY POIOBOTO iHTENEeKTY (PUCYHOK 2) CKIAOA€ThCS 3 TaKUX
eTariB:

BusHaueHHSs mapaMeTpiB aJropmurTmMy: HajnaiityBaHHsSI IOYaTKOBMX 3HAUEHb,

SIKi KepyIOTb IMOBEiHKO aJITOPUTMY.
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SI Algorithm (Year) Biological inspiration

Stochastic Diffusion Search (1989) Tandem calling mechanism emploved by one species of ants

Ant Colony Optimization (1992) Real ant colonies using pheromone as a means of chemical messenger
Particle Swarm Optimization (1995) Soecial behavior of bird focking or fish schooling

Bee System (2001) Foraging hehavior of bee colonies

Bacterial Foraging (2002) Social foraging behavior of Escherichia coli

Fish-swarm Algorithm (2002) Fish behaviors such as preying and swarming

Bechive (2004) Communicative and evaluative methods and procedures of honey bees
Bacterial Colony Chemotaxis (2005) Bacterium’s reaction to chemoattractants

Bee Colony fi])ti.luizatltm (2005) Bee colonies in nature

Bee Swarim L'J]ﬁtlll.lizaLhm (2005) Behavior of real bees in nature

Virtual Bees (2005) Swarm of bees and interactions between them when they find nectar
Cat Swarm (2006) Behaviors of eats and their skills such as tracing and secking

Artificial Bee Colony (2007) Natural foraging behavior of real honey bees

Fast Bacterial Swarming (2008} Foraging mechanism of Escherichia coli and the swarming pattern of birds
Bumblebees [ 2000) Collective behavior of social insects

Cuckoo Search (2009) Brood parasitic behavior of some cuckoo species

FireFly Algorithm {2009) Behavior of fireflies and their flashing light (process of bioluminescence)

Glowworm Swarm Optimization (2009) | Luciferin induced glow of a glowworm which is used to attract mates/prey
Artificial Fish School Algorithm (2010) Fish behaviors such as preying, swarming, following

Bat Algorithm (2010) Echolocation characteristics of microbats

Cockroach Swarm Optimization (2010) | Social behavior of eockroaches

Hunting Search (2010) Group hunting of animals such as lions, wolves, and dolphins

Bacterial Colony Optimization (2012} Five bazic behaviors of Escherichia coli bacteria in their whole lifecyele
Blind-Naked Mole-Rats (2012) Social behavior of the blind naked mole-rats colony

Krill Herd (2012) Herding behavior of krill individuals

Lion's Algorithm (2012) Lion’s social behavior that aids to keep the mammal strong in the world
Wolf Search (2012) Walves search for food and survive by avoiding their encmies

Fruit Fly Optimization (2013) Behavior of fruit flies

Social Spider Optimization (2013) Cooperative behavior of soclal-spiders which interact with each other
Chicken Swarm Optimization (2014) Behavior of chickens when they search for food

Dispersive Flies Optimisation (2014) Swarming behavior of flies over food sources

Grey Wolf Optimizer (2014) Mimies the social dominant strueture of the grey wolves pack
Elephant Herding (2015) Herding behavior of the elephant groups

Monarch Butterfly Optimization (2015) | Migration of monarch butterflies

Crow Search Algorithm (2016) Intelligent behavior of crows

Dolphin Swarm Algorithm (2016) Dolphin's echolocation, information exchanges, cooperation

Dynamic Virtnal Bats Algorithim (2016) | Bat's ability to manipulate frequency/wavelength of the emitted sound waves
Whale Optimization Algorithm (2016) | Social behavior of humpback whales - the bubble-net hunting strategy

Swarm Dolphin Algorithm (2016) Social behaviors of dolphins

Artificial Wolf Pack Algorithm (2016) Social behaviors of the wolf pack in scouting, calling and besieging
Grasshopper Optimisation (2017) Behavior of grasshopper swarms in nature

Spotted Hyena Optimizer (2017) Social relationship between spotted hyenas and their collaborative behavior
Salp Swarm Algorithm (2017) Swarming behaviour of salps when navigating and foraging in oceans
Emperor Penguin Optimizer (2018) Mimies the huddling behavior of emperor penguins

Seagull Optimization Algorithm (2019) | Migration and attacking behaviors of a seagull in nature

Pucynoxk 1 - Tlepesik aJiropuTMiB ONITMMIi3allii pO1OBOTO iHTE/NEKTY.

Ininiamisaniss areHTiB: CTBOpeHHS MOYaTKOBOI MOMYJISIii areHTiB, Je KOXeH
areHT IpeACTaB/isi€e MOK/IMBE pillleHHS 3a1ayi.

BcraHOB/IeHHST yMOBM 3aBeplIeHHS: 3aJaHHS KpuUTepiiB, 3a SIKUMU
QJITOPUTM 3YNIMHUTD BUKOHAHHS, HATIPUKIIAZ, JOCSITHEHHSI MAaKCMMaJIbHOI KiJIbKOCTi
iTepaliii 860 3aJ0BiJIbHOTO PiBHSI TOYHOCTI PillleHHS.

O6uncinenuss ¢itHec Qyukmii: OiiHKa KOKHOTO areHTa 3 BUKOPMCTAHHIM
GyHKIIII TIPUCTOCOBAHOCTI, SIkKa BUMIPIOE, HACKiIbKM H0Ope areHT BUpilIye
MOCTaBJIEHY 3a7avy.

Bukonano ymoBy 3aBepmieHHsi?: [lepeBipka, uM Oyja [JOCATHYTa yMOBa
3aBepIIeHHST aJITOPUTMY. SIKIIO TaK, aJITOPUTM 3aBepIlnye PobOOTy; SIKIIO Hi, Ipolec

IIPOOOBXYETHCA.

ISSN 1991-7848 462



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2024

OHoB/IeHHs1 areHTiB: Moaudikallis cTaHiB areHTiB Ha OCHOBI 0OMiHY
iHpopMairiero Mixk HUMM IJ1s1 TTIOKpAIeHHS iX pillleHb.
OTpMMaHHS ONITMMA/JIBHOIO pe3yabTaTy: Bubip Hatkpaiioro pimeHHs 3 yCix

areHTiB ITiC/IS 3aBePIeHHS aJTOPUTMY ab0 JOCSITHEHHS] yMOBM 3aBepIIeHHS.
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PucyHoKk 2 — 3arajibHa CTPYKTypa pOii0BOTO aJITOPUTMY.

Ane nji1 KOHKpPeTHUX aJTOPUTMIB IMOCHIZOBHICTh Ta KiJIBKICTh €TalliB MOKe
BiApi3HATHCS Bif 3arajibHOI CTPYKTYPU.

Cepen, aJrOpUTMIB POIIOBOTO iHTEJIEKTY HaOiIbIN MOIMYJISIPHUMM € aJITOPUTM
ornTumMisailii poem yactuHOK (PSO) Ta aJiropuTM MypammnHoro kKojaoHii (ACO).

PSO € npuBabaMBUM uepe3 CBOIO MPOCTOTY y peasiszallii Ta 30aTHICTh MIBUAKO
3HAXOAUTU pPillleHHSI.

ACO, 3 i"moro 60Ky, HaAUXHYTUI TTOBEIiHKOK MYypalIMHUX KOJIOHIi Ipu
MONIYKY 1Xi Ta BUPI3HSAETHCS CBOE e(EeKTMBHICTIO Yy BHUpIllleHHI 3a7ay
MapuIpyTusartiii Ta poskiaamy. O61aBa airOpUTMH HIMPOKO 3aCTOCOBYIOTHCSI B Pi3HUX
0071aCTSIX, BKJIIOUAIOUM JIOTiCTMKY, POOOTOTEXHiKy, eHepreTuky, oOpoOKy HaHUX,
0e3MiJIOTHI JIiTa/JbHI arapaT¥ IeMOHCTPYIOUM CBOIO YHiBepCaJbHICTh Ta CUITy B

piteHHi cknaguux mpobiaem [0,0,0,0].
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BUCHOBKHA
V nmaHiii po6oTi OyJi0 MPOBeIeHO aHaji3 aJrOpuUTMiB POOBOrO iHTENIEKTY,

IEeMOHCTPYIOUM iXHi/i TMOTeHIiaJ Ta IIMpPOKe ToJie MHisiAbHOCTI y cdepi
MYJIbTUAaT€HTHUX CcucTeM. BkKa3aHO Ha aKTMBHe IOCHiMKeHHSI B I/ ramysi Ta
HapOCTaHHSI 3aCTOCyBaHb. BUBUEeHHS pi3HMX HAyKOBMX poOOIT BKa3zye Ha
HeOOXiHiCTh MO€MHAHHSI 3HAHb i3 Pi3HMX obsacTeit mJis e(PeKTUBHOTO BUPIIIEHHS
CKJIaHUX 3aBIaHb 3a JOIIOMOTO0 POIOBOIO iHTEeJIeKTY.

YV MaiOyTHIX JOC/iIKeHHSIX ITepen0avyaeThCsl IPOBECTY AeTaNbHILINIT PO3IJIS,
Ta TOPIBHSIHHS AJITOPUTMIB POOBOTO IHTEEKTY, a TAKOX PO3IISHYTU MOXJIMBOCTI
iX iHTerpailii 3 iIHIIMMM METOAAMM LITYYHOTO iHTeJIEKTY IJIsl IOKpallleHHS pillleHb y

pi3HMX 06J1aCTSIX 3aCTOCYBAHHSI.
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ANALYSIS OF SWARM INTELLIGENCE ALGORITHMS
Kupin Andrey, Kosei Maksym

Abstract.This paper conducts a comprehensive review of swarm intelligence algorithms,
highlighting the significant potential and development prospects of multi-agent systems
and swarm intelligence. It underscores the ongoing research activity in this field and the
continuous expansion of application areas. By examining various studies and
publications, the paper concludes the importance of integrating approaches from
different scientific disciplines to tackle diverse and complex problems using swarm
intelligence. Future research is aimed at providing a more detailed analysis and
comparison of various swarm intelligence algorithms across different application
domains, as well as exploring their integration with other artificial intelligence methods.
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This work points towards the growing relevance of swarm intelligence in solving real-
world problems, showcasing its versatility and effectiveness across multiple sectors,
including military, agriculture, search and rescue, and environmental monitoring.

Keywords: artificial intelligence, intelligent agent, multi-agent systems, swarm intelligence,
swarm intelligence optimization algorithms.
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