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XapaKTepUCTHKH CUCTEM

System characteristics

Wmuranusa |Peanusanusi| Hannuwme non- | Ilopaepixka Ionpnep:xka | Hanauuue conu-
Cucrema Mo- | pu3nyeckux | 0uOIHOTEK | IePXKKH KOMMY- | 001b1IOr0 | YpOBeHb | BbIYHC/IEe- | A1bHO OPUEH-
AeJMPOBAHHUS | CBOICTB 3J71eMEeHTOB | HUKAIIMM MEKIY | KOJIMYeCTBA | MOANEePKKH | HUii HA THPOBAHHBIX
00beKTa poGoTa areHTaMu areHToB KJacTepax | OuOIHOTEK

Myrmedrome - - + + - - +
AntMe - - - + +- - +
NetLogo: Ants - - - + + - +
AnyLogic - - + + + - -
Simplex3 - - - + - - -
Repast - - - + +- + +
Webots + + + - + - -
Gazebo + + - - +- - -
ARGoS + + + + —+ - -

MOAJIEP)KKA KOMMYHHKAIIH MEX]y areHTaM1 — MOJie-
JIupoBaHue OOIIEHMs (CBSI3M) MEXIY areHTaMu |
NpeIoCTaBlIeHNe CTaHIapTHOTO MHTepdelica omnpene-
JICHUsI TIPOTOKOJIa M COOOLICHUIT; monaep:kka 0oJib-
IIOT0 KOJIMYECTBA areHTOB — IIPUCIIOCOOIEHHOCTh CH-
cTeMbl i pabotel ¢ Oonpmumu (mopsaka 1 000,
10 000) rpynmamMu poOOTOB; YPOBEHb IOAICPKKH —
CyMMapHasi OIIEHKa KadecTBa IT0JIb30BATEIHCKOH /10-
KyMEHTAIMH, YPOBHS IOANEPKKH CO CTOPOHBI CO00-
IIECTBa U Pa3pabOTIMKOB, HHTYUTHBHOCTH paboTHI ¢
CHCTEMOM, TOKYMEHTHPOBAaHHOCTh KOZa (B CIydae OT-
KPBITOTO KO/a); MOJICP)KKA BHIYMCICHUH Ha KilacTe-
pax — BCTPOEHHAasi BO3MOXKHOCTh pabOThl CUCTEMBI Ha
KJacTepe; HallMuhe COLMAIBHO OPHEHTHPOBAHHBIX
6uONMHMOTEK — MPEIOCTaBICHIE BCTPOCHHBIX WIIH TIOJb-
30BaTENBCKUX OMONNOTEK, PeaNn3yIOIUX XOTs OBl He-
KOTOPBIE U3 COLMAIbHBIX MEXaHU3MOB.

Eme pa3 ormernm, 9T0 B 0030p ITOIIAH JIMIIb HeE-
KOTOpBIE CHUCTEMBI, XapaKTepHBIC JUIsl CBOETO Kjacca,
MHTEPECHBIE C TOYKH 3PEHHs KPUTEPHEB, ONpEJENICH-
HBIX CTIeIU(UKOMN 3a/1a4 COIMAIBHON POOOTOTEXHHUKH.
OTenbHO MOXKHO CKa3aTh O TAKHX U3BECTHBIX U YacTO
YIIOMHUHAaEMBIX CHCTEMax MOJIEINPOBaHus, Kak Micro-
soft Robotics Developer Studio (MRDS) [42] u Ant
Farm Simulator, koTopble Hapsily C HEKOTOPBIMHU JIPY-
THMH He T0TaJH B 0030p, TaK KaK MM OTHOCSTCS K O]~
HOMY M3 PacCMOTPEHHBIX KJIAaCCOB, WJIM IpEAHA3Ha-
YeHBI JUIs PEUICHHs JPYruxX KaTeropuil 3ajad areHT-
HOTO MO/JIEITMPOBAHMUSI, HAIPUMED TPAHCIIOPTHBIX, JIO-
THCTHYECKUX U T.JI.

3akiaouenue

CpaBHUTENBHBIN aHATN3 MPHUBEACHHBIX MPOrpaM-
MHBIX TPOJIYKTOB TOKAa3bIBAET, YTO OHH JIAIIH Ya-
CTUYHO YAOBJIETBOPSIOT CHEIM(PUKE MOISINPOBAHUS
MHOTOAareHTHBIX POOOTOTEXHUYECKUX CHUCTEM U HC-
KYCCTBEHHBIX KOJUIEKTHBOB C COITMAJILHOW CTPYKTY-
POM, U TIO3BOJIICT COCTABUTh 0OJICe TOYHBIC TPeOOBa-
HUS K TAKOH cpeie MOAETUPOBaHUSL.

T1O mMopenupoBaHus OHOIOTUYCCKUX KOJUICKTHBOB
o0najjaeT BeCbMa OTPaHUYCHHBIM HAOOPOM BO3MOXK-
HOCTEH U PacIIUpSIeMOCTbIO, a TAKXKE 3a4acTyIO He 3a-
JIyMBIBaJIOCh Kak OMOIMOTEKa MOJEIMPOBAHUS TSI

U3Y4EHHs KOJUICKTUBHOIO YympasieHus. Mckioue-
HUEM siBIsieTcss Mojaenb Ants st NetLogo, HO oHa
TOXKE HE MPEAOCTABISICT 0COOBIX CPEACTB JJIS pealiu-
3allMid MHOTI'MX BaXHbIX MCXAaHU3MOB KOJIJICKTHBOB C
COLMANbHOMN CTPYKTYPOH.

Hecmotpss Ha yHMBepcanbHOCTb M MOIIHOCTh, B
cpenax pa3paboTKH W OMOIMOTEKaX WMHUTAMOHHOTO
MOJICIUPOBAHMA HE XBAaTaeT XOTS OBl HEKOTOPHIX U3
CIICIYIOIINX JJIEMCHTOB: WHAWBHIYAIbHBIC TICHXHYC-
CKHE Pa3JIN4Ms areHTOB, MOMEPIKKA JTOKATHHON KOM-
MYHUKAIUH, S36IKOBOE OOIICHUE, aNTOPUTMEI (hOPMH-
poBanusi Koamuimi, auddepeHunanns QyHKUM,
BBIJICJICHUEC HEPAPXUYUECKON CTPYKTYpBI, MOICPIKKA
IMPOCTPAHCTBEHHBIX U BPEMEHHBIX OTHOIIIEHUH.

IO MopenupoBaHusi poOOTOB OONBIIE MOIXOTUT
JUTsL OTAENBHBIX POOOTOB U Pu3ndeckux 3¢(HeKToB, a
HE JIJISI CHCTEM C OOJIBIIMM KOJIMYECTBOM ar¢HTOB JIN00
HUMeeT Te JKe MPOOJIEMBI, YTO ¥ CHCTEMBl HMUTAIIHOH-
HOTO MOJETMPOBAHUS: CIEIHAaIbHBIC CpPEACTBA LIS
MOJICITUPOBAHMS KOJUIGKTUBOB C COIIMANBEHON CTPYKTY-
POl HE IMPEeJOCTABIAIOTCS, YTO O3HAYaeT HEOOXOIH-
MOCTh HCCIIEIOBATEII0 CAMOCTOSTEIHFHO PEai30BbI-
BaTh MHOTOYHUCIICHHBIC MEXaHU3MEI.

Ha ocHoBe mpoBeieHHOT0 0030pa MOKHO chopMy-
JIUPOBATH Cleayromue (yHKIIMOHAIBHBIC TPEOOBAHUS
K OubnmuoTteke (WM Cpelie) MOJSIUPOBAHUS IS KOJI-
JIEKTUBOB C COITMANBHON CTPYKTYpPOU B 00JIaCTH po6o-
TOTCXHUKU:

—  MacmTabHUpyeMOCTh, BO3MOKHOCTh MOJCIHPO-
BaHUS C MPUMCHEHUEM BBIYUCIUTEIHHBIX KJIACTEPOB U
COOTBETCTBYIOIIAS MOAICPKKA CO CTOPOHBI OMOIHO-
TeKkH (IOJBH30BATENb, HACKOJIBKO STO BO3MOXKHO, HE
JTOJDKEH CJISTUTH 32 pacrapajlieInBaHueM KOJla U CHUH-
XpoHU3aluen);

— TOIJAEPKKa ONpEeACICHHOro (YHKIIMOHANA,
CBOMCTBEHHOI'0 areHTHBIM cucreMamM, U €ro mpeao-
CTaBJICHHE B BUJIC OMOJIIMOTEK: areHT, B3aMMOICHCTBHE
MECXIY ar¢HTaMu, Cp€aa, 3aKOHbI BSaHMOHeﬁCTBHﬂ co
CpenoH, MPOCTPaHCTBO, BPEMS;

— peanm3anus HEKOTOPHIX 0a30BBIX MEXaHH3MOB
COLIMAILHOTO MOBEICHUS ¥ CTPYKTYP U MOACPIKKA J10-
MOJTHCHUS ¥ PACIIMPEHHS TAKUX MEXaHU3MOB, KaK HH-
JMUBHUITyalIbHBIC TCUXWYCCKHE DPa3nuuusi, nuddepeH-
uanys GyHKIUN ¥ T.IL;
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— TOJJEep’KKa CO3/aHus Mojeliell BHyTpEHHEro U
BHEIIIHETO MUPA areHTa;

— TOAJAep’KKa MOIEIN M3 HECKOIBKUX B3aWMO-
JEACTBYIOIIUX KOJIJIEKTHBOB.

Kpowme Toro, BbIIENMM TONONHATENBHBIE TEXHUYE-
CKHE TpeOOBaHUs, KOTOPBIE MPEACTABILIFOTCS BaX-
HBIMU JUI HWCIONB30BAaHUS CUCTEMBI DPA3IMYHBIMH
rpynnamu UCCIIeN0BaTENEH:

— TPeAoCTaBICHHE HHCTPYMEHTOB HIU HHTEp-
(eiicoB 1 MHTETPAIMU KOJIa B CTOPOHHUH MOJIb30Ba-
TENILCKUH rpaduyeckuii uHTepdeiic 1 BU3yanu3aluu
JIaHHBIX, a TaKKe 0a30BOr0 BapHaHTa HHTEpQeiica;

— O9KCHOPT JaHHBIX B OOLIETIPUHSATHIE, OTKPHITHIE
tdopmatsr (CSV, GraphML u T.11.), TO3BOJISIOMINE HH-
TErpauuIo ¢ IpyrMMU HHCTPYMEHTaMU;

— OTKpBITOCTh Koma s urteHust (Open source
[43]), cobmronenue cTuei U HaIMYUe XOPOIIeH TOKY-
MeHTanuu: xopomo onucanHoe API, ee obmee
YCTPOHUCTBO (apXUTEKTYpa, KOHLETILINH);

— OTKPBITOCTh KOjAa Uil MOAM(UKALNH, IOJI-
JIep)KKa IJIarMHOB MJIM UHBIX CTaHAAPTHBIX CIIOCOOOB
pacumpenus (QyHKIMOHAIBHOCTH JUIsl MCIIPaBICHHS
OIHMOOK MOJIB30BATENSIMU U BO3MOKHOCTH pacIIupe-
HUS 10 OOJIBIIETo Kilacca MOJACPIKUBAEMBIX CUCTEM.

Taxum 06pa3zoM, IpOBECHHBIH 0030p CYIIECTBYIO-
WX CHCTEM MOJEIHPOBAHMSA ISl U3Y4EHHs poOOTO-
TEXHUYECKHX KOJUIEKTUBOB C COLIMANBHON CTPYKTYpOH
MO3BOJIMIT C(OPMYJIMPOBATH TPEOOBAHUS K XKeTaeMon
CHCTEME M BBISIBIJI HEY/IOBJICTBOPEHHYIO IOTPEOHOCTD
B HAJIMYMU CIIEHUATN3UPOBAHHON CUCTEMBI ar€HTHOTO
MO/ICJIMPOBAHMS, YUUTHIBAIOIIEH UX OCOOEHHOCTH.

Paboma evinonunena npu wacmuunou gunancogou
noooepacke epanmoe PH® Ne 16-11-00018 u PODPU
Ne 16-29-04412 ogpu_m.
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Abstract. The paper discusses mechanisms that are important for a proper simulation of artificial agents” group, especially
mobile robots, which are organized into a system with the elements of a social structure.

The authors provide an overview of simulation tools based on these requirements to determine advantages and disad-
vantages of existing systems for modeling, simulating and researching such systems. They identify key instruments for a sim-
ulation of artificial groups with social structures. The review focuses on simulation tools for biological systems (in particular,
ants since they are a good example of a social group), agent-based modeling and robot-specialized simulation tools.

The paper emphasizes the level of support of various social mechanisms in simulation tools, as well as their capability to
model a large number of agents (in particular, cluster computing support) and the ability to simulate user-provided models and
implementations of different aspects of a social group. It was found out that, although there are many general modeling and
simulation tools, there is very little support and ready-to-use implementations of even widely used mechanisms, such as pher-
omones, which are provided by systems to build and research a group of robotic agents with a social structure. On the other
hand, the tools that aim at simulating systems with social behavior elements, such as ant modeling systems, are not very scalable
or limited in aspects they can simulate. There are no mechanisms to expand them for further research.

Based on the review, the paper has detected a lack of a comprehensive simulation system that specifically aims at the
research of artificial agent groups with social structure elements. It has also formulated a set of requirements for such a system.

Keywords: agent-based simulation, social behavior modeling, swarm robotics, simulation modeling, develop-
ment tools, review, cluster computing, bioinspired systems, eusociality, robot.
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