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MOJAEJIb KOJNJIABOPATUBHOI'O ITIOBEJEHUA POSA CAPAHYU
A1 ONTUMHU3AIMA MHOT'OMEPHBIX
MYJIbTUIKCTPEMAJIBHbBIX ®YHKIIUN
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Annomayus. Ilpeonacaemces 6u038pucmudeckuli areopumm, MoOeIUpyOWULl NammepHsl NO8EOeHUs. POs Ca-
panyu 0N peuleHus 3a0ay ONMUMU3AYUY MHOSOMEPHBIX MYTbMUIKCMPEMAanbhblx Gyukyuil. Tlokasano npumenenue
Memooos, 6a3UPYIOWUXCA HA MEMOOOI02UU ANOPUNMOE, UHCHUPUPOBAHHBIX NPUpOOoil. Paccmompersvt nonoxicenus
meopul UCKYCCMBEHHO20 UHMEIEKMA U OUOUHCNUPUPOBAHHBIX BLINUCIEHUL, MeOPUL NPUHAMUS PEUEeHUl U Memoo0s
onmumusayuu. Lenv pabomui-pazpabomxa OUOIEpUCIIUKU, CNOCOOHOU NOOJEPICamb DALAHC MeAHCOY CKOPOCHbIO CXO-
ouMOCIuU aneopumma u ousepcugpurayueli npocmpancmead NoUCKa peweHuil. Aneopumm dKCnepumMeHmansHo npomecmu-
posan Ha mpex 6eHUMaprax, npeocmasiAowux cooot muozomepuvle gynxkyuu. CpasHusaiomes pe3yibmamyl ¢ KOHKY-
pupyrowumu buodepucmuxamy pos yacmuy u ougpgepenyuanvuo seonioyuu. Ilpogedena npogepka cmamucmuyeckou
SHAYUMOCIU Pe3YTbMAMO8 € UCNONb308aHueM T-Kpumepus cymmul paneo8 YuiKokcoua.

Knrouesvie cnosa: 6uosspucmuxa, 2100anbHbil ONMUMYM, d2eHM, POl capanill, NammepH N08e0eHUsl, NPeAHcOespeMeHHas
CX00UMOCb, pa3HO0Opa3ue pewenutl, mecmogas QyHKyus, Kpumeputi Yuikokcona
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A MODEL OF COLLABORATIVE BEHAVIOR OF A SWARM
OF LOCUSTS FOR OPTIMIZATION PROBLEM
OF MULTIDIMENSIONAL MULTIEXTREMAL FUNCTIONS

V.V. Kureychik, S.1. Rodzin

Southern Federal University, Taganrog, Russia

Abstract. A bioheuristic algorithm modeling patterns of locust swarm behavior for solving optimization problems
of multidimensional multiextremal functions is proposed. The application of methods based on the methodology of algo-
rithms inspired by nature is shown. The provisions of the theory of artificial intelligence and bioinspired computing, the
theory of decision-making and optimization methods are considered. The aim of the work is to develop bioheuristics that
can maintain a balance between the convergence rate of the algorithm and the diversification of the solution search
space. The algorithm has been experimentally tested on three benchmarks representing multidimensional functions. The
results are compared with competing bio heuristics of particle swarm and differential evolution. The statistical signifi-
cance of the results was verified using the Wilcoxon rank sum T-test.
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Computational Model of Swarm Algorithm
for Optimizing Process of Keywords Extraction
from Text Information Presented as Graph

Yuri Kravchenko
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Abstract—The article describes the scientific problem of
optimizing the processes of acquiring knowledge when
processing textual information presented in the form of a
graph, based on the development of a modified bioinspired
algorithm for extracting keywords. The solution proposed by
the authors differs from the known ones by introducing new
attractive operators and behavioral patterns of bacterial
agents into the computational model of the bacterial swarm
algorithm. This approach allows you to balance the ratio of the
speed of convergence of the algorithm with the diversification
of the search space for solutions. The article also presents an
analytical study of the features of two types of parsing:
constituency parsing and dependency parsing. As part of the
study, algorithms for syntactic parsing of dependencies
between elements of text information and a graph-based
dependency parsing algorithm are described. The formulation
of the problem of keyword extraction is given. The task of
achieving a balance between accuracy and speed of a linguistic
parser is an open topic that requires further research due to
the importance of this problem for improving the efficiency of
text analysis, especially in applications that require real-time
accuracy. To increase the efficiency of solving the problem, the
authors propose a modified bioinspired algorithm for
extracting keywords. The computational experiment carried
out allows us to conclude that the modified bacterial
optimization method proposed by the authors is in a leading
position, which confirms the need to continue research into the
applicability of bioinspired methods for solving problems of
acquiring knowledge when processing text information
presented in the form of a graph.

Keywords—swarm bacterial algorithm, dependency parsing,
keyword extraction, text processing

I. INTRODUCTION

In the dynamic world of Natural Language Processing
(NLP), parsing plays a key role in uncovering the
complexities of natural language. As a foundation for
understanding the structure and meaning of sentences,
parsers serve as indispensable tools in a variety of NLP
tasks, allowing machines to perceive and process natural
language with greater accuracy and efficiency. From
sentiment analysis to machine translation to question and
answer systems, parsers play a key role in converting
sentences into syntactic structures, which in turn facilitates
more accurate and contextually relevant language
processing. By breaking sentences into understandable
units, parsers create the foundation for machine
understanding of semantics and relationships between
words, making it possible to achieve more complex and
subtle results in various applications [1-3], so the creation of
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effective text parsers is a very pressing scientific problem at
the present time.

The main approaches to parsing include constituency
parsing and dependency parsing. Component and
dependency analysis are complementary approaches that are
aimed at analyzing the syntactic structure of sentences.
These analysis methods provide valuable information about
the grammatical structure and semantic relationships in a
sentence [3].

Constituent analysis focuses on identifying constituents,
which are groups of words that perform a single function in
a sentence. These constituents can be phrases such as noun
phrases (NP) or verb phrases (VP), or even larger units such
as sentences. Constituent analysis represents the hierarchical
layout of a sentence using a tree structure called a parse tree
or syntactic tree. On the other hand, dependency analysis
focuses on the relationships between individual words in a
sentence. He represents these relationships in the form of
directed connections or dependencies, where each word is
associated with its syntactic root or control word.
Dependency analysis provides a more linear representation
of sentence structure, focusing on the dependencies between
words rather than the hierarchical organization of
constituents [4].

One of the well-known algorithms in constituent
analysis is the CYK (Cocke-Younger-Kasami) algorithm.
This classic parsing algorithm, based on dynamic
programming, efficiently builds a parse tree by breaking
sentences into smaller constituents using a context-free
grammar. Earley's algorithm is also known, which is capable
of processing ambiguous grammars and parsing sentences
using a predictive top-down and bottom-up approach, which
leads to a more reliable parsing process [3].

On the other hand, a popular dependency analysis
algorithm is the Arc-Eager algorithm. It is a
Transition-based parsing algorithm that predicts the
sequence of actions to build a dependency tree, effectively
representing the relationships between root and dependent
words. Another transition-based approach is the
Arc-Standard algorithm, which builds dependency trees by
reducing a sentence to a single-rooted tree through a series
of actions [5].

Recent research in natural language processing has
revealed the potential of deep learning to improve the
efficiency of dependency parsing [5, 6]. Using neural
network architectures and vast amounts of labeled data,
deep learning-based parsers have achieved significant
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Spider Colony Optimization Algorithm:
Bio-Heuristic for Global Optimization Problem
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Abstract. Bioheuristics play a crucial role in solving optimization problems.
The article describes an algorithm that models the behavior patterns of a colony
of spiders for solving optimization problems of multidimensional multiextremal
functions. The authors model various types of agent behavior and computational
mechanisms to maintain a balance between the rate of convergence of the algo-
rithm and the diversification of the solution search space. The study analyzes
the performance of the algorithm using experiments for the problem of finding
a global minimum on a set of test functions. The accuracy of the algorithm is
compared with competing bioheuristics, and non-parametric proof of the statis-
tical significance of the results obtained using the Wilcoxon signed-rank test is
provided.

Keywords: Bio-Heuristics - Optimum - Agent - Spider Colony - Behavior
Pattern - Convergence - Wilcoxon Signed-Rank Test

1 Introduction

Researchers study and adapt models of collective behavior of many biota species living
in social groups (swarm, colony, flock) as frameworks for solving complex optimization
problems. In artificial intelligence, the direction that models the collective behavior
of decentralized, self-organizing systems as an optimization algorithm is referred to
as swarm intelligence [1]. Swarm intelligence has several benefits, such as scalability,
fault tolerance, adaptability, speed, modularity, autonomy, and concurrency. The swarm
system can effectively adapt to internal and external changes.

Well-known nature-inspired swarm intelligence algorithms are particle swarm opti-
mization (PSO), ant colony optimization (ACO) and bee colony optimization (ABC),
bats (BA), fireflies (FA), moths flying towards light (MFO), bacterial chemo-taxis (BFO),
school of fish (FFS), etc. [2]. However, they have certain disadvantages, such as prema-
ture convergence, difficulties in overcoming local optima when searching for a global
optimum. During the algorithm execution, the population of solutions quickly loses its
diversity or, conversely, we observe slow convergence. Finding a balance between the
rate of convergence of an algorithm and the diversification of the solution search space
is an open research problem that is important for ensuring the accuracy and performance
of optimization algorithms. Revealing patterns of individual and collective behavior of
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R. Silhavy and P. Silhavy (Eds.): CSOC 2023, LNNS 722, pp. 661-669, 2023.
https://doi.org/10.1007/978-3-031-35311-6_63


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35311-6_63&domain=pdf
https://doi.org/10.1007/978-3-031-35311-6_63

q

Check for
updates

Locust Swarm Optimization Algorithm:
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Abstract. The article proposes a bioheuristic algorithm that simulates a combina-
tion of patterns of individual and swarm behavior of locusts to solve optimization
problems for multidimensional multiextremal functions. The locust is a repre-
sentative example of insects that can combine swarming and solitary behavior,
which is implemented by various attractive operators. Two locusts in individual
behavior do not get closer if there is a small distance between them, and vice
versa. In swarming behavior, locusts rapidly concentrate around individuals that
have found food sources. This makes it possible not only to model the cooperative
behavior of a locust colony more realistically, but also to enable a computational
mechanism that avoids such shortcomings of many popular bioheuristics as pre-
mature con-vergence, maintains a balance between the rate of convergence of the
algorithm and the diversification of the solution search space. We experimentally
tested the algorithm on three multivariate test functions. We compared the results
with competing particle swarm and differential evolution algorithms. The pro-
posed algorithm provides the best results for all considered functions. Checking
the statistical significance of the results got using the Wilcoxon signed-rank test
for independent samples showed that the results of the algorithm are statistically
significant. #CSOC1120.

Keywords: Bioheuristics - Global Optimum - Agent - Locust Swarm - Behavior
Pattern - Premature Convergence - Diversity Solutions - Wilcoxon Rank Sum Test

1 Introduction

Researchers study and adapt models of collective behavior of many biota species living
in social groups (swarm, colony, flock) as frameworks for solving complex optimization
problems. In artificial intelligence, the direction that models the collective behavior
of decentralized, self-organizing systems as an optimization algorithm is referred to
as swarm intelligence [1]. Swarm intelligence has several benefits, such as scalability,
fault tolerance, adaptability, speed, modularity, autonomy, and concurrency. The swarm
system can effectively adapt to internal and external changes.
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I'noGasbHasi onTMMHU3ANMSA HA OCHOBE TMOPUIN3ALMH AJITOPUTMOB POsi CApaH4H
U KOJIOHUM NAYKOB
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AHHOTanus. [lepcrieKTHBHBIM pelIeHHeM 3a/1ad ITI00aTbHOH ONTUMU3AINH SBIISIOTCS METadBPUCTUKH, HHCIIMPHPOBAH-
HBble Tprpooi. OHU NpeNCTaBIIOT cO00 HeeTePMUHNPOBAHHBIE AJITOPUTMBI, HCCIIESAYIONIHE IPOCTPAHCTBO IIOUCKA pe-
LIeHHH, o0ydJaronecs B mpolecce MONCKa, He IIPHUBsI3aHHbIe K KOHKPETHOH 3a1ade, XOTs U He TapaHTHPYOIINE TOYHOTO
peutenus. Llenpro qaHHOTO MCCiieoBaHUS SIBISETCs pa3paboTka 3(PEeKTHBHOTO aNropuTMa Uil penIeHHs MPUKIaTHBIX
po06JieM I00aNbHOH ONTUMU3ALNI MHOTOMEPHBIX MYJIBTHIKCTPEMAIBHBIX (DYHKINI, BCTPEYAIOIINXCS B 3a/1a4ax BBIYUC-
JUTETBHON (DUIOTEHETUKH, TIPH MPOEKTUPOBAHUN IEKTPHIECKIX CXEM, pacueTax MH)KCHEPHOH 0e30IMacHOCTH 3aHHMH,
KaJTHOpOBKE MOJEIEH pacupOCTPaHEHNS PATHOCHTHAJIOB U B IPYTUX. [ JOCTHKEHUS 3TOH EH MPEIIOKEeH THOPHIHBIH
aJITOPUTM, MOJIETMPYIOMINI aTTePHBI NOBEJCHNUS POsl CapaH4d U KOJOHUH NMaykoB. OCHOBHOE BHUMAaHHE yJEJICHO CHH-
KEHHIO BEPOSITHOCTU MPEKAEBPEMEHHONH CXOIUMOCTH THOPUIHOTO aJrOpHTMa, HOAJEpKKe OanaHca MEXKAY CKOPOCTBIO
CXOJVMOCTH QJITOPUTMA W AWBepcH(HKAIMEH NMPOCTpaHCTBAa MOWCKA pelleHni (MHTeHcUpuKanus/muBepcudukanys).
[puBoasTCs STansl MOAUGUINPOBAHHBIX AITOPUTMOB KOJIOHUH ITayKOB M POSI CApaH4H, MOJEIHPYIOLINX pa3JINyHbIe IaT-
TEpHbl UX MOBEACHUS, YTO IO3BOJIIET CHU3UTH BIUSHHUE OYEHb XOPOIIUX WM IJIOXUX pEIleHHH Ha MpolecC MOUCKA.
I'ubpuay3anus alropuTMOB OCYLIECTBILIETCS IIyTEM HX I0CIEIO0BATENbHOW KOMOMHAIMH (IPENpoLeccop/IOCTIpOoLec-
cop). AITOPUTM 3KCHEPUMEHTAIBHO IMPOTECTHPOBAH HA CEMH M3BECTHBIX MHOTOMEPHBIX (QYHKIMAX. Pe3ymbraThl como-
CTaBJICHBI C KOHKYPHPYIOIIUMH JIITOPUTMAMH POsi dacTull, JudhepeHIranTb-HON IBOMIONNH, KonoHun muen. [Ipemnarae-
MBI aITOPUTM 00ECIIeUNBAET JIyUIIHe Pe3yIbTaTh Ul BCeX pacCMOTPEHHBIX (yHKImi. [IpoBepka MoIydIeHHBIX pe3yilb-
TaTOB C HCTIOJIb30BaHUEM T-KpHUTEpHsi CyMMBI PAHTOB Y MITKOKCOHA JUISl HE3aBUCHMBIX BBIOOPOK ITOKa3asa, YT0 pe3yIbTaThl
10 aJTOPHUTMY SIBIISIOTCS CTATUCTHYECKH 3HAYMMBIMH. Pa3paboTaHHOE MPOTrpaMMHOE MPUIIOKEHHE TPEIHA3HAYECHO JUIST
HCTIOJIb30BaHMS B paMKaX YHUBEPCUTETCKOTO Kypca MO MalIMHHOMY OOy4YeHHIO U OMOMHCIMPHPOBAHHOM ONTUMHU3AINH,
a TakxkKe JUIS pelleHUs IIUPOKOTro Kpyra Hay4HO-IPUKIAHbIX 3a/1a4 IOMCKOBOH ONTHMU3AIUH.

KuroueBbie ciioBa: anroputy, rio0aibHbI ONTUMYM, areHT, POl capaHyH, KOJIOHHS NayKOB, HATTEPH MOBEICHUS, HHTEH-
cudukanus noucka, IMBepcupUKaIis OMCKa, TECTOBasH (HYHKIMS, KpUTEpUil Y HIIKOKCOHA

Baaronapuoctu. VccnenoBanue BemonHeHO B OxHOM (enepansHoM yHUBepcuTeTe 3a cuer rpanta PH® Ne 23-21-00089,
https://rscf.ru/project/23-21-00089/

Beesenne. DBpUCTHYECKUE aITOPUTMBI, HH-
CIIHPUPOBAHHBIE TPUPOJOH, BMECTE€ C HEUPOH-
HBIMH CETSAMH U APYTHMH METOIAaMH 00pa3yloT
KJIACC aJiTOPUTMOB MAlIMHHOTO oOydeHus. Jlms
HUX XapaKTEPHbI HCCIIEIO0BaHNE IPOCTPAHCTBA pe-
LIEHUH, MOMCK TOYEK B OOJIACTH ONpeAeeHUs
(yHKIIMH, HA KOTOPBIX OHA JIOCTUTAET MUHHMAJIhb-
HOTO MJIM MaKCUMAJIBHOTO 3HAYCHHS, UX OLICHKA U
CETICKTUBHBIN 0TOOP. ATOPUTM 00yJaeTCs HaX 0kK-
JICHUIO O0JIacTel ompeneneHus (YHKIHH, KOTO-
pBIe cofepkaT Hawimydmue pemieHus. [louck mo
BJI Web of Science, Scopus, Google Scholar, tud-
posoii 6ubmuorexke IEEE Xplore, poccuiickum
6ubmmorekam eLibrary.Ru u «KubepJleHuHka»
MO3BOJISIET TOBOPHTS O cymiecTBoBaHMH Oonee 400
QITOPUTMOB, MHCIUPUPOBAHHBIX mpuponoit [1].
Wx yncno m mokazaTenu HUTHPYEMOCTH PACTYT:
85 % craTeil, B KOTOPBHIX IPEJIaraiorTcs ajiro-
PUTMBI, HUHCIIMPUPOBAHHBIE MPUPOJOH, LHUTUPY-
10TCsl B cpenHeM okoio 20 pa3, B TO BpeMsl Kak
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CpeIHeroIoBasi HOpMa IIUTUPOBAHUS CTaTel B I1e-
oM B obmactu Artificial Intelligence cocraBnsier
okoJ10 5 [2]. C 2010 r. mo HacTosLIee BpeMs JInue-
paMu 10 KOJTUYECTBY MyOJIMKALIUN SBISIOTCS poe-
BbIC TOPUTMBI. OHU TIPUMEHSFOTCS TPAKTUUECKH
BO BCEX 00JIACTSIX HAYKH, TEXHUKHA U SKOHOMUKH.
B sTux 06macTax MHOTHE 3a1a4¥ ONITUMHU3AINHA U
MPOCKTUPOBAHUS HENTWHEHHbIe, 3a4acTyro NP-
TpyIHBIE. MEXIy TeM TaKue aarOpUTMBI, KaK OIl-
tuMu3anms post gactuil (PSO), mabdepenimanpras
spomonms (DE), komonust mypaebeB (ACO), muen
(ABC), ceerstuxoB (FA), moucka kykyku (CS) u
MHOTHE APYTHE MPOJECMOHCTPUPOBAIH OOIBIION
MOTEHIIMAN TPU PEIICHHH CIIOKHBIX 337a4 TOUC-
KOBOI1 ONTHUMHU3aLMK 3a pa3yMHoe Bpems [3].
Uro0Bl aNTOPUTM, HHCITUPUPOBAHHBIN MIPHPO-
Joi, ObIT 3¢ (EKTUBHBIM, OH JIOJDKEH O00JIanaTh
HEKOTOPBIMH OCOOBIMH BO3MOXHOCTsIMHU. Harpu-
Mep, TCHEPUPOBATh HOBBIC PEIICHHUs, yIydIIaro-
M CYIISCTBYIONINE IIyTEM WHTEHCHUBHOTO HC-
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B nocaednue e00bl 3amMemHo ygeauuerue uucaa nyoAUKayull, nOCAUEHHbIX HOBLIM OUOIBPUCMUKAM 045 dIPDekmugs-
HO20 peuleHUss ONMUMUZAYUOHHBIX 32044, 045 KOMOPbIX KadccuuecKkue memoodvl He 00ecneuugarom npuemaemozo pe-
3yAbmama ¢ pa3yMHulMU 3ampamamu épemenu u pecypcos. B o63ope ocnosnoe enumanue yoeasemcs 6U038pUcCmuKkam,
UHCRUPUPOBAHHBIM (PayHOIl, KOMopble MOOeAUpyrm nammepHsl nogedeHus ocobell Jcusomuozo mupa. B nociednue de-
CcAMb 1em nyoauKayuu, NOCeaueHHble OU0I8PUCMUKAM, UHCRUPUPOBAHHBIM (PAYHOU, COCMABASIOM 0K0A0 NOA0BUHbL 8CEX
nybaukayutl, c83a3aHHbIX ¢ buodspucmuxkamu. O630p o0peaHu308an ¢ yuvemom 6uoso2uueckol Kaaccugpukayuu haynot u
Modeaupyemvix Mexanu3mos nogedeHus Hcugomuvix. Taxaice npueoodumcs aHaiu3 MexaHu3smo8, UCHOAb3yeMblX 045 00e-
cneyeHus 6araunca mexncdy cKopocmoio cCXo0UMOCmMU A120pumma u dueepcuguiayuei npocmpancmea NOUCKa peuleHull.

Karouesste caosa: 6uosepucmura, cxooumocms areopumma, OueepcuduKayus nPOCMpPaHcmea noucKka, NONYASYUs,

BBenenne

brosBprcTHKa — 3TO BHICOKOYPOBHEBASI, HE3aBU-
cuMasl OT IpoOJeMbl Mpolenypa, IpeaHa3HaYeHHast
JUTST TIOWCKA, TeHepalliv WJIM BbIOOpa aJlropUuTMa va-
CTUYHOTO TIOMCKA, KOTOPbIA MOXET 00ecCreYuThb J0-
CTaTOYHO XOpOILee pelleHHe 3ada4y ONTHMU3ALNMN,
OCOOEHHO C HEIOJIHOM MH(oOpMalMeil Nl OorpaHu-
YEHHOI BBIYMCIMTEIBHON MOIIHOCTHIO [1]. B mocnen-
HUE Tonbl B IUTepaType 3aMEeTHO YBEIMYEHUE YKCIia
NyOJIMKaLWiA, TMOCBSIIIEHHBIX HOBBIM ONTHMMM3aTO-
paM, HMHCIUPUPOBAHHBIM TIPUPONON (OMO3BPUCTHU-
KaM), TIOJTyYeHHBIM IyTeM MOIM(UKAIIAM IIPOLEIYD
JIOKaJIbHOTO TTOMCKA WJIY TMOPMAN3AMK HECKOJIBKHX
npouenyp [2]. DTOT pocT CBsI3aH ¢ HEOOXOIUMOCTHIO
novicka 3(PEKTUBHBIX PELIeHUH TTpo0IeM, 11 KOTO-
PBIX KJIacCMYeCKMe METOObl He OOECHeUMBaIOT IIpH-
eMJIeMble Pe3yJIBTaThl B Pa3yMHbIE CPOKU U C Pa3yM-
HBIMU 3aTpaTaMi BPEMEHU U PECYPCOB.

s Bcex OMOIBPUCTUYECKUX ONTUMU3ATOPOB
cnpaBeqyimBa NFL-Teopema, yTBepXaawolas, 4To
HE CYIIECTBYET aJITOPUTM IIOMCKA MU ONTUMMU-
3allMM, KOTOPHIN "paboTraeT" Jydylle IPYTruX Ha
BCEM MHOXECTBe 3amad. MHbIMU clloBaMU, e€Clu
HEKOTOPbI aJIropuTM paboTaeT jayulie (ObIcTpee,
TOUHEE) Ha OMHMX 3ajJavyax, 3Ha4YMT, Ha IPYTUX 3a-

*MccnenoBaHue BBIIOJHEHO 3a cueT rpaHta Poccuii-
ckoro HayyHoro ¢onga Ne 23-21-00089, https://rscf.ru/
project/23-21-00089/ B FOxxHOM (enepabHOM YHUBEPCUTETE.

Jagax OoH OymeT paborath xyxe [3]. OnuH KOH-
KPETHBII aJrOPUTM HE MOXET IMPEB30WTH CBOU
aHaJIOTU BO BCEX 3aJlayax, a TOJbKO JUIIb B ONpe-
JIeJICHHBIX TUIIaX WJIM KJaccax 3agad. boxee mon-
poOHy0 uHPopmauuio o NFL-teopeme, ee Je-
TaJbHOM aHaJIM3€ U TECHOM CBSI3U C KOJIMOTOPOB-
CKOl CJIOXKHOCTBIO MOXHO HaliTu B padote [4].

OnuH M3 OepBBIX OMOIBPUCTUUYECKUX ONTUMMU-
3aTopoB (ormucaHHbIi B 60..70-¢ rogbl XX Beka)
MpEeACTaBJIcH TEHETMYECKMMU ajJrOpUTMaMM, OC-
HOBaHHBIMM HaA HCIOJIb30BAHUM MEXaHU3MOB,
AHAJIOTUYHBIX €CTECTBEHHOMY OTOOpY B IIPHpPOIE.
B HacTos11ee BpeMs CIeKTp MeXaHM3MOB, Ha OCHO-
BE€ KOTOPBIX CTPOSITCS OMOIBPMCTUKM, CTaJl 3HAYM-
TEJIPHO IIMPE W OXBAThIBACT UICH, BaPbUPYIOIINECS
OT IMOBEICHUSI OUYECHb MaJICHbKUX OOBEKTOB, TAKUX
KaK BUPYChl U OAaKTE€pUM, [0 TaTaKTUUYECKMX MeXa-
HU3MOB. OgHako cBhIlIe 45 % 3TUX aJITOPUTMOB OC-
HOBaHBI Ha UJIESAX, B3STHIX Y OOBEKTOB (DayHBbI.

B crarbe ocHOBHOE BHUMaHME yaeasieTcsa OMo-
SBPUCTHKAM, WHCOUPUPOBAHHBIM XWBOTHBIM
MUPOM, IPOBOJMUTCS UX aHAJIM3 HA OCHOBE paborT,
oxBatbiBatonux repuox ¢ 2006 mo 2021 rr. O6-
30p OPraHU30BaH C YYETOM OMOJIOTMUYECKOM KJac-
cuUKaALUKU XKUBOTHOTO MHUpa U MOMAEIUPYEMBIX
MEXaHU3MOB IMOBEACHUS XUBOTHBIX. Takxke Mpo-
aHaJIN3UPOBAHBI MEXaHM3MBbI, UCIIOJIb3yeMBbIC IS
obecrnieyeHUsT OajlaHca MEXIY CKOPOCTBIO CXO-
IUMOCTH ajroputMa U AuBepcudukalveinl mpo-
CTpPaHCTBA MOMCKA PEIICHUIA.

MH®OPMALIMOHHbIE TEXHOJIOIMMHU, Tom 29, Ne 11, 2023
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Hybrid Algorithm of Locust Swarm and Spider
Colony for Global Optimization Problems

Sergey Rodzin
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Abstract—Nature-inspired algorithms demonstrate great
potential for solving complex search engine optimization
problems in engineering calculations and design of large and
small energy facilities, including renewable energy sources. In
this paper, we propose a hybrid algorithm that models the
behavior patterns of a locust swarm and a spider colony to
efficiently solve global optimization problems of multivariate
multi-extremal functions. The modified locust swarm algorithm
avoids concentration of individuals at the current best positions,
reduces the probability of premature convergence, and
maintains the intensification/diversification balance. The
modified spider colony algorithm models two unique behavior
patterns, allows diversification of the search space for the
optimal solution, and acts as a filter to reduce the influence of
very good or bad solutions on the search process. Hybridization
of the modified algorithms is done by combining them
sequentially (preprocessor/post-processor). We experimentally
tested the algorithm on seven known multivariate functions. We
compared the results with competing algorithms for particle
swarm, differential evolution, and colony of bees. The proposed
algorithm provides better results for all considered functions.
Checking the statistical significance of the results obtained using
the Wilcoxon rank sum test for independent samples showed
that the algorithm results are statistically significant.

Keywords—algorithm, global optimum, agent, locust swarm,
spider colony, behavior pattern, search intensification, search
diversification, test function, Wilcoxon test

l. INTRODUCTION

Heuristic algorithms inspired by nature, together with
neural networks, form a class of machine learning algorithms.
Their characteristic feature is the exploration of the solution
space, the search for points in the function definition domain
on which the function reaches a minimum or maximum value,
their evaluation and selective selection. The algorithm is
trained to find the regions of function definition that contain
the best solutions [1]. Searching the Web of Science, Scopus,
Google Scholar, IEEE Xplore digital library, Russian
libraries eLibrary.ru and CyberLeninka databases allows us
to talk about the existence of more than 400 metaheuristics.
Their number and citation rates are growing: 85% of articles
proposing nature-inspired algorithms are cited on average
about 20 times, while the average annual citation rate of
articles in the Artificial Intelligence field is about 5. From
2010 to the present, swarm algorithms are the leaders in the
number of publications of metaheuristics. They are applied in
almost all fields of science, engineering, and economics. In
these fields, many optimization and design problems are
nonlinear, often NP-hard. Meanwhile, metaheuristics such as
particle swarm optimization (PSO), differential evolution

979-8-3503-7136-9/24/$31.00 ©2024 IEEE

Olga Rodzina
Department of Software Engineering
Southern Federal University
Taganrog, Russia
orodzina@sfedu.ru

(DE), ant colony (ACO), bee colony (ABC), firefly (FA),
cuckoo search (CS) and many others have shown great
potential in solving complex search optimization problems in
reasonable time [2].

For a metaheuristic algorithm to be effective, it must have
some special capabilities. For example, to generate new
solutions that improve existing ones by intensively exploring
the local space around the current suitable solution found
(intensification). On the other hand, the algorithm should be
able to avoid premature convergence to a local optimum by
expanding the solution search area and discovering search
areas where the global optimum may lie (diversification). A
successful combination of intensification and diversification
of the search contributes to the high efficiency of the
metaheuristic. Finding the balance of these two important
components of any metaheuristic is an open research
problem. Each metaheuristic utilizes a unique balance
between them, often far from the optimal one.

This paper proposes a hybrid global optimization
algorithm based on modified locust swarm and spider colony
algorithms, and investigates its performance on a number of
well-known test problems.

Il. MODIFIED ALGORITHM OF SWARMING AND
SOLITARY BEHAVIOR OF LOCUSTS

Nature-inspired  algorithms  describing  collective
intelligent behavior patterns in the animal and insect world
have attracted the attention of researchers since the end of the
last century. Stereotypical behavioral patterns observed in
groups of animals and insect aggregations provide survival
advantages. A group of individuals can solve quite complex
tasks while the individuals composing the group are
relatively simple, use limited local information, and allow for
task specialization.

Locusts, being a kind of large grasshopper, represent an
example of such groups of insects. Locusts exhibit both
solitary and swarming behavior patterns, with their distinct
behavioral differences. In solitary behavior, when food and
space are plentiful, locusts avoid contact, so the swarm
explores space by spreading out. The swarming behavior
pattern, on the contrary, means locusts tend to aggregate
around promising food sources. The use of such specialized
behavior patterns in the optimization algorithm allows
maintaining the necessary balance between intensification
and diversification of search, avoiding premature
convergence to suboptimal solutions.
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C.U. Pon3un

COBPEMEHHOE COCTOAHHUE BUO3BPUCTHUK: KJIACCUDPUKALINA,
BEHYMAPKHHI, OBJIACTA IPUMEHEHUST

Lenamu oanHou cmamvu A6NAEMCA AHANU3 COBPEMEHHO20 COCMOAHUS UCCIe008AHUN 6
obnacmu paspabomru anrcopummos, UHCRUPUPOSBAHHBIX NPUPOOOL, BKIIOYAs KAME20PU3AyuUio,
Kaaccugukayuio, mecmuposanue, yumupyemocms u obaacmu npumenenus. Ilpeocmaenena
HOBAsL MHO20YPOBHEBAS CUCEMA KAACCUPUKAYUU HA OCHOBE CLeOVIOWUX NPUSHAKOS. KpUmeputi
coomeemcmaue NPUpooOHoll memaghope, CMPYKMYpHbll, NOBEOEHUECKUl, NOUCKOGbIl, KOMNO-
HenmHublll U oyenounvll kpumepuu. Knaccuguxayus 6uosspucmux npeonorazaem cucmemamu-
yeckoe omuecenue Kaxicool OU0IBPUCIIUKY K OOHOMY U MOJIbKO 0OHOMY KIACCY 8 PAMKAX CUC-
membl 3aUMOUCKTIOYAIOWUX U Henepekpblealouuxcs kiaccos. Kamezopuszayus noszeonsem 06v-
EeKMUBHO NOOXO0UMbs K 6b100py duoIspucmuk. Jis Kaxicoou OuoI8PUCMUKY UMEIOMCsl KOHKpem-
Hble 3a0auu, ¢ KOMOPLIMU OHA XOPOWLO CRPABIAeMCs. SHAMb SMU 83AUMOCEA3U BAHCHO OIS U e-
JIeHANPABIEHHO20 NpumMenerus. buosspucmuru. Paccmompen npumep knaccugpuxayuu. Omme-
ueno, umo naubonee UHGOPMAMUBHBIM Kpumepuem Kiaccugpukayuu s811emcsi nog eoeH4ecKull
Kpumepuil, Hauboniee YUMUpyemviM KIACCOM OUOISPUCTNUK ABIAIOMCIA ANCOPUNMbL POEBO2O
uHmennexma, a Haubonee yumupyemou 6uosepucmuxoi — areopumm pos yacmuy PSO. [lpeo-
CMaegieHvl co8pemMenHble N00X00bl K OeHUMAPKUHSY OUOIBPUCIUK: 3a0a4l OUCKPEMHOU U He-
NpepuIgHOT ONMUMUAYUY, d MAKKHCe ONMUMUSAYUOHHbBIE UHIICeHepHble 3adayu. Ommeyena
menoenyus nposoouUms CpaeHeHue Npou3soOUMenbHOCMU OUOIEPUCTIUK, UCHONB3YSA CMAMU-
CMUYecKyo nposepky cunomes Ha 6Genumaprax. Cucmemamusupoganvl 3a0aqu, YCHEewHo pe-
wiaemvle GUOIBPUCMUKAMU 8 MAKUX 0OIACMAX, KAK UHIICEHepHOe npoeKmuposanue, 06pabomka
uU306padiceHuli U KOMNbIOMeEPHOE 3penue, KOMIbIOMEPHble Cemu U KOMMYHUKAYUU, IHEPLemuKa
U DHEP2OMEHEONCMENN, AHATU3 OAHHBIX U MAUUHHOE 00YYeHUe, POOOMOMEXHUKA, MEOUYUHCKAA
ouacnocmuka. Hamemunace menoenyus K 2ubpuouzayuu 0OU0I8PUCMUK 8 OOHOM ONMUMUIAMO-
pe. Oonaxo mpebyromes yboeoumenvhvlie 00KA3AMENTbCMBA, YMO Pe3yIbMambl KOMHEHCUPYIOm
Yyeenuyenue CloHCHOCMU N0 CPASHEHUIO ¢ OMOeNbHbIMU aneopummamu. Ommeyenvl 3a0a4u on-
mumuzayuu, mpeoyrowue OarbHeUwux Uccie008anull. 3a0a4u OUHAMUYeCKOU U cmoxacmuye-
CKOU ONMUMUZAYUU,; 340U MHOSOKPUMEPUATLHOU ONMUMUZAYUY, 3A0AUYU MYTbMUMOOATbHO
onmuMU3AYULU; 3a0a4U MHO2OMEPHOU ONMUMUZAYUL; 3A0AYU MEMEMUYECKOt ONMUMUIAYUY, 6
KOMOPLIX KOMOUHUPYEMCS MHOMCECHBO NOUCKOBLIX ANOPUMMOS, 3a0auU ONMUMUZAYUU U
aoanmayuu HACMpoex Napamempos OuUo3I8PUCTIUK Ot OOCMUNCEHUs DANAHCA MeHCOy CKOPO-
Cmbl0 CX00UMOCmu U Ougepcupurayueli npoCmMpaHcmea NOUCKA PeueHul.

Buosepucmuka; knaccugpuxayus; kamezopuzayusi;, 6eHUMapKrune, QpeiumMeopk, azenm, one-
Pamop; nonyisyus,; CmuemMep2usi.

: HccnenoBanne BBIMOMHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro ¢onma Ne 23-21-00089,
https://rsctf.ru/project/23-21-00089/ B IOxuOM denepansHOM yHHBEPCHTETE.
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KO3BO/IIOIIMMOHHBITI CAMOHACTPAVBAIONINIICS
AJITOPUTM ONITUMM3AIINN

© 2022 C. 1. Popsun™

IOs#cHouti pedepanvhovlii yHusepcumem
nep. Hexpacoscxuti, 44, 347929 Tazanpoe, Pocmosckas obnacmo, Poccuiickas Qedepayus

AnHoTanuA. B cTaTtbe IpefiyioXKeH KO3BOJIOLMOHHDIN CAMOHACTPANBAOIINIACSA aITOPUTM 1A
pelleHns 3aja4 I7106aTbHOI ONTYMU3AINN. AJITOPUTM MOJIEMPYeT STOUCTUYHOE MOBEJeHIe
ocobeil cTajja TPABOASHBIX, TOABEPraOIINXCA HAIlAIeHNIO CTaul XMIIHUKOB. I[ToMcKoBbIe areH-
ThI YIPaBJIAOTCA HAOOPOM aTTPAKTVBHBIX OIIEPATOPOB MONMCKA HA OCHOBE NAaTTEPHOB VIHIVBHI-
ILya/IbHOTO ¥ KOJJIEKTMBHOTO IIOBE/IEHN ar€HTOB, a TAK)Ke MEXaHM3MOB IOIIY/IALMIOHHOTO OT-
6opa B crcTeMe «KepTBa—XMITHUK». ATEHTBI IlepeMeIlaeTCs B IPOCTPAHCTBE PeLIeHNI 3aa4n
OITVMMM3ALNY, VICIIONIb3YA HAOOp OIepaTOpOB, MMUTUPYIOLIMX Pa3TNIHbIe BU/IbI IIOBEJICHNA, B
TOM 4MCIe STOMCTUYHOTO. B oT/mmume oT 60/IbIIMHCTBA KOHKYPUPYIOLINX aITOPUTMOB IIpefiIa-
raeMblil KO3BOTIOIMOHHBIN CAMOHACTPAMBAIOLIMIICA a/ITOPUTM HO3BOJIAET HE TOJIbKO MOJLE/N-
poBaTh pasIMYHbIe BUJbI STOMCTUYHOIO NoBefieHNA. OH BK/II0YaeT BbIYMCINTEIbHbIE MEXAHU3-
MBI JI/I COXpaHeHNs 6aTaHca MeX/y CKOPOCTBIO CXOAMMOCTY a/ITOPUTMA U JUBepcuduKaIei
IPOCTPAHCTBA MOMCKA perieHuii. PesylbTaTMBHOCTD aITOpUTMa aHAIU3UPYETCA C IIOMOLIbIO
Cepuy SKCIEePUMEHTOB /IS 3aflay IOMCKA I7I06aTbHOTO MUHMMYyMa B Habope U3 5 N3BeCTHBIX
TECTOBBIX QYHKIMIL. PesynbraTel cpaBHUBAMICH C 7 KOHKYPUPYIOIUMM OMO3BPUCTUKAMY IIO
TaKMM II0Ka3aTe/AM, KaK CpeJjHee Jydllee Ha JAHHBI MOMEHT pellleH)e, MeMaHHOe JTydllee
Ha JJAHHbIJ/I MOMEHT pellleH)e 1 CTaH/JapTHOE OTK/IOHEHME OT JIy4IlleTo Ha JJAHHbII MOMEHT pe-
nieHusA. ToyHOCTb IpeJIaraeMoro ajropuTMa OKasajach BbIlIe, HEXKEMM Y KOHKYPUPYOIIMX
anropuT™moB. HenmapameTpuyeckoe 0Ka3aTelbCTBO CTATUCTUYECKON 3HAUMMOCTH ITOTy4EHHBIX
pes3y/nbTaToB € UCNO/Ib30BaHueM T-KpuTepus YUIKOKCOHA IIO3BOJIAET YTBEPKATh, YTO Pe3yb-
TaTbl KO3BOJIIOLMIOHHOTO CAMOHACTPANBAIOIIET0CA aITOPUTMa ABJIAIOTCA CTaTUCTUYECK!M 3Ha-
YYMbIMMU.

KimroueBpie c10Ba: KO3BOIOLMIOHHBII aJITOPUTM, I7I00A/TbHBII OIITUMYM, areHT, «KepTBa—XMII] -
HIIK», TIATTePH ITOBEJIeHN, IPeXAeBpeMeHHasA CXOAVMOCTbD, Pa3HOOOpa3ie peleHnil, TeCTOBas
GbyHKIVA, KpUTepUil YUIKOKCOHA.

BBEIEHUE

Onrtumusauys sBIAETCA aKTYaJIbHOI IIPO-
671eMoIl B Takux 0O/IacTAX KaK paclio3HaBaHMeE
00pa3oB, poOOTOTEXHMKA, KOMIIBIOTEPHBIE CETI,
MHpOpMaIIOHHasA 6e30IIaCHOCTD, MH)XXEHEPHOE
IPOEKTUPOBaHNe, MHTE/UIEKTYa/IbHbIl aHaIu3
JlaHHBIX, (UHAHCBH, IUPpPOBas 9KOHOMUKA. B
pesynbraTe VHTEHCUPUKALMY VICCIIEOBAHNMIA,
HalpaB/eHHBIX Ha pasBUTHE WHCTPYMEHTOB
ONTUMM3ALMY IPEIIOKEHO MHOTO pasind-
HBIX IIOJXOfIOB K PELIEHNI0 IIVPOKOTO CIIEKTpa

><| Ponsun Cepreit Visanosuy
e-mail: srodzin@yandex.ru

peasbHBIX 3afad IOMCKOBOI ONTUMM3ALNIA.
OpHUM M3 CaMBIX TMOMY/IIPHBIX IIOIXOJOB SIB-
JISIFOTCST OMOIBPUCTUKU — QITOPUTMBI, MHCITN-
pupoBaHHble Tpupopoit. [Ipumepom sBisieTCs
pasyMHOe KOJJIEKTMBHOE IIOBEleHVe MHOTUX
BUJIOB JKMBOTHBIX, JKMBYIIMX B COLMAJIbHBIX
rpynnax (crago, KoloHus, poi, ctas). Vccneno-
BaTe/IN U3Y4aIOT U aJalITUPYIOT MOJe/IN KOJIIeK-
TUBHOTO IIOBEfIeHNsI B KauecTBe (PpeiiMBOPKOB
IUISL pellieHnst CTIOKHBIX ONTUMU3AI[MOHHBIX 3a-
fad. ITO M3BECTHBIE AITOPUTMBI ONTUMM3AIN
pos actuy (PSO), mypaspunbix (ACO) u mye-
muHbIX (ABC) xomoHmit, nery4yux Mpimieit (BA),
BopoH (CSA), kykyuiku (CS), cBetnsaukos (FA),
onbuteHns uBeToB (FPA), ceppix Bonkos (GWO),

Konrenr gocrynen nog muiensueit Creative Commons Attribution 4.0 License.

m The content is available under Creative Commons Attribution 4.0 License.
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MoangmumpoBaHHbIN METa3BPUCTUYECKMIA aropUTM
CMHYC-KOCWHYCa AN MHOrOMEpHbIX 3aaay rnobasibHom

onTUMU3ALIN

C. WN. Pogaun

FOHbIN chepepanbHbI yHBEpCHTET, TaraHpor, Poccus

AHHoTaums. ViccnefoBaHa BblYMCTIUTENbHAS MOAEMb METa3BPUCTUHECKOTO anropuTMa CUHyC-kockHyca. MpeanoxeH Mo-
AUDULMPOBAHHBIA anropuTM, BKIIOYAMLLMIA BbIYUCTIUTENBHBIE MEXHU3MbI 4rsi COXpaHeHs banaHca Mexdy CKopoCTbto
CXOAMMOCTM anropuTMa 1 AnBepcudnKaLyen NpoCTPaHCTBa NoMcka PeLLeHIi. PeynbTaTMBHOCTb anropuTMa aHanmanpy-
€TCS C NOMOLLbIO CEPUN IKCTIEPUMEHTOB NS 3aAa4 noucka rnobansHoro MUHMMyMa B Habope 13 MHOTOMEPHbIX TECTOBbIX
hyHKUWiA. MpoBEPSIETCS CTATUCTUYECKAS 3HAYUMOCTb MOMYYEHHbIX Pe3ynbTaToB.

KnioueBble cnoBa: anroput™ CUHYC-KOCUHYCa, METAIBPUCTHKA, TIONYMIALMS, INOGanbHbIA ONTUMYM, areHT, Npexaespe-
MEeHHas CXOMMOCTb, TECTOBASH (HYHKLIMSI, KDUTEPUA YMIKOKCOHA.
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BBepeHue

MeTaBBpI/ICTI/I‘IeCKI/Ie AJITOPUTMBI OINITUMH3AITUU
SIBIISIIOTCSL aKTYAIBHBIM M OBICTPO PaCTYIUM KJlac-
COM MeTOI0B MammHHOT0 00yueHus [1]. CormacHo
OMOIMOMETPpUUECKUM JaHHBIM Scopus, ceidac
HacuuThiBaeTcs cBbilie 400 METaIBPUCTHUK, IPHUEM
€CJIM CpeTHEeT0I0Basi HOpMa IIUTUPOBAHUS CTaTel B
00JTacTH MCKYCCTBEHHOTO WHTEJIEKTa COCTABIISET
0KO0JIO 5, TO okosio 85 % cTaTeil, B KOTOPBIX Mpe-
JIaraloTCs METAdBPUCTHKH, IUTHPYIOTCS B CPEAHEM
okouto 20 pa3.

Cunyc-kocunyc (Sine Cosine Algorithm, SCA)
SIBJIICTCS. OTHOCUTEJIBHO HOBBIM TOMYJISIIMOHHBIM
aaropuT™MoM [2], OCHOBaHHBIM Ha BBIYUCIICHHH
Hanpasnenus auddepenmanbaoro sekropa. SCA
TEHepUPYET pa3IMYHbIe KCXOJHBIC CIydalHbIC
pelreHust 1 OOHOBIISIET UX B COOTBETCTBUM C YPaB-
HEHHSIMH, HWCIONB3YS MaTeMaTUYEeCKyI0 MOJEIb,

OCHOBaHHYIO Ha ()yHKLUSIX CHHYyca M KocuHyca. B
SCA coderaroTcst MOMyIAIUOHHBINA MTOAXOI U CTpa-
TErusl JIOKAJIBHOTO TOMCKa, IPOCTOTa pealu3aluy,
TMOKOCTh U BO3MOXHOCTH NPUMEHEHUS [UIsl pelle-
HUS Pa3NUYHBIX 33734 ONTHUMH3ALUH, TAKHX Kak
IUTaHUPOBaHUE, TPOCKTUPOBAHNE CETEH, TUCTICTIH-
pOBaHHE JIIEKTPOIHEPTHH, 00padOTKa M300paxke-
HU# 1 ap. OnHAaKO, KAK ¥ MHOTHE METa3BPHUCTHUKH,
SCA uMeeT TEHACHIMIO MOMAAaTh B JOBYIIKY JIO-
KaJbHBIX ONTUMYMOB M HE BCErZa IOJAEPKUBAET
OanaHc MEXly CKOPOCTBIO CXOJIMMOCTH U IUBEPCH-
(uKanuei mpocTpaHCcTBa MOMCKA PELICHUH.

B crartpe mpencrasieH aHainu3 padoT 1Mo puMe-
Hennio SCA, npennaraercs ero 3¢p¢GeKTuBHaAsS MO-
Judukanus A pelieHHsT MHOTOMEPHBIX 3a/1ad
r100IbHON ONTHMHU3AIMH, a TaKXKe Pe3yJIbTaThl
CepUH BBIYMCIUTENIBHBIX SKCIIEPUMEHTOB IS IIPO-
BEPKH TPYIOEMKOCTH, TOUHOCTH M CXOJUMOCTH II0
CPaBHEHHIO C KOHKYPHUPYIOIIUMHU AITOPUTMAMHU.

* ~
HccnenoBaHue BBINOIHEHO 3a cuet rpanTa Poccuiickoro Hayusoro donma Ne 23-21-00089 B FOxHOM (enepaibHOM yHUBEpCUTETE
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