selection operator only and effect of selection pressure is excluded. The lower the selection noise, the
larger n and PRR, and vice versa.

For theoretical estimates of PRR values, see Table 1. Note that PRR for probabilistic
tournaments can be obtained from PRR for deterministic tournaments at /=2. Values of PRR for

ranking SSs based on RWS are bounded from above by 1 — (;l) . Details can be found in [2].

Table 1. Theoretical estimates of PRR values.

Selection scheme PRR
SUS, SUS scaled 1
RWS, RWS scaled 1 < - 1)
Deterministic tournament without replacement 1— (;) (_—)’ — l_J’ - _
Deterministic tournament with partial replacement -1 ( -1 —
1
=0 B
Deterministic tournament with replacement 1 ( - 1)
Linear ranking based on SUS, 1 < <2 1— -1
4
Exponential ranking based on SUS,0< <1 1 (1—In . ) _
In Y L

The following empirical approach is used in our study of genetic drift. We conduct multiple
runs of GA with a SS under analysis; no other genetic operator is used, thus, the population of
offspring matches the mating pool. Runs are conducted on a flat fitness function, hence, the effect of
selection pressure is eliminated. GA stops when population becomes homogeneous or when allocated
time resources are spent. For each run, the number of iterations performed by the algorithm and PRR
average over generations are saved. Afterwards, the average and standard deviation of number of
iterations and of PRR average are calculated for the runs when the algorithm stops under the population
homogeneity condition. Based on these values, | and PRR are estimated.

Our theoretical estimates of PRR are supported by the experiments. We revealed the same effect
of scheme specific parameters on both the PRR and 1 metrics. We confirmed empirically that there is a
strong relationship between m and population size N. Moreover, we found that for RWS and RWS
scaled SSs as well as for all tournament and linear ranking SSs the value of 1 increases proportionally
to V.

We have also compared selection pressure equivalent schemes to be selection noise equivalent.
We found differences in selection noise for most of the known selection pressure equivalent schemes.
Therefore, the choice of a SS for a practical problem should be based on the selection pressure as well
as on the selection noise scheme characteristics [2].

1. Béck, T. H. W., Kononova, A. V., Van Stein, B., Wang, H., Antonov, K. A., Kalkreuth, R.
T., De Nobel, J., Vermetten, D., De Winter, R., & Ye, F. (2023). Evolutionary algorithms
for parameter optimization — Thirty years later. Evolutionary Computation, 31(2), 81-122.
https://doi.org/10.1162/evco_a 00325

2. Gulayeva, N., Borrego-Diaz, J., & Sancho-Caparrini, F. (in press). Analysis of selection
noise in genetic algorithms. Soft Computing.
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SIMA (Scalable, Instructable, Multiworld Agent) is a project by
Google DeepMind aimed at creating an agent capable of executing
natural language instructions across diverse 3D environments. SIMA
operates through a single keyboard-and-mouse interface in both
commercial video games and research platforms, making it distinct from
task-specific Al systems like OpenAl Five or AlphaStar. It processes
visual input akin to what a human player sees and executes commands
categorized for balanced skill training. SIMA demonstrates an ability to
transfer knowledge and perform tasks across environments, though
challenges remain in long-term planning and complex physical
interactions.

3ajada CTBOPEHHS y3arajJbHEHOTO areHTa MTYYHOTO IHTEJIEKTY, K
yacTkoBHi Bunaaok 3aransHoro 11 (AGI, yHiBepcampHOrO BUpilIyBaya
3aj7a4) € OJHIEI0 3 HAWCKIATHIIIMX 3a/1ad cydacHOi Hayku. CTBOpEHHS
TAKOro areHTra OOOB’SI3KOBO BKJIIOYA€  3AaTHICTh 3aCBOIOBATH HOBI
HaBUYKKM 0€3 CHeliaIbHOTO TpOorpaMyBaHHS, aganTyBaTHCS 10
HE3HAMOMHUX CHUTYallill 1 yXBaJdroBaTH e(EKTHBHI pillleHHs. 3aJ0BOJICHHS
[IUX BAMOT MOTpeOye 3HAYHUX TEXHIYHUX MPOPUBIB Ta OOYUCITIOBATLHIX

pecypcis.

Komepmiitai  Bimeoirpum  3a0e3medyroTh  Bi3yanbHO  Oararti
CepemoBHINA s CKIAJHWX 3aBJaHb, BKJIOYaloud 30ip pecypcis,
OyIiBHUIITBO, TUNIAHYBAaHHS [l 1 opieHTamil0 y mpocrtopi. Bimeoirpu €
e(heKTUBHUM CEpelOBHUINEM JUIS JOCTiKeHHs yHiBepcambuux [II-
areHTiB, O3BOJIAIOYM TECTYBATH AJITOPUTMH JUIS ajanTaiii, HaBYaHHS 3
nocBimy Ta crpareriunoro wmucienHsa. Y 2019 pomi DeepMind
npencrasmia arenra AlphaStar [2], skuif mocsr piBHA mpodeciitHux
rpaBuiB y StarCraft Il. ATeHT HaBYaBCS 4depe3 IMITaIlilo0 irop
npodeciiHUX TpaBIiB 1 CaMOCTiiHE TpeHyBaHHS, JEMOHCTPYIOYH
JOBTOCTPOKOBE IIJIAHYBAaHHS, aJalTalilo JO CYNEPHUKIB 1 YIpaBIiHHS
Oaratbma roHiTamu. Tomixk OpenAl cteoprina OpenAl Five [1], arenris,
gkl 3maranucsi B Dofa 2. ATEHTH JEMOHCTpPYBalW KOMaHIHY pPOOOTY,
ajanTalilo A0 CTpaTerii CymepHWKiB 1 34aTHICTh A0 CHiBOpami y
JUHAMIYHOMY CEPEIOBHIIIL.

Google DeepMind crnuparourice Ha OaraTopidHWMiA  JOCBiI,
npeacTaBwia HoBoro arenra — Scalable, Instructable, Multiworld Agent
(SIMA) [3]. Le#t npoekT € BaXIIMBHUM €TarioM y HAaIlpsSMKy PO3BHUTKY
3arajgbHOTO IITYYHOTO IHTENEKTY, BiOOpakarouu MpPOTpec, MTOCATHYTHMA
y rajysi 3a OCTaHHI POKH.

OcHoBHO1O MeTOI0 TIPoekTy SIMA € cTBOpEHHS areHTa, 31aTHOTO
BUKOHYBaTH MOBHI 1HCTPYKIil y pI3HOMaHITHHX TPUBHUMIpHHX
CepeOBHINaX, BKJIIOYAIOYM KOMEPIIiHI Bifeoirpu Ta CIeIiali3oBaHi
MOCTIAHAIBGK] TIaT(GOpPMH, BHUKOPHUCTOBYIOUH KIaBiaTypy Ta MHUIIY.
SIMA BHpi3HSETHCS 3AATHICTIO OEAHYBATH TPUPOTHOMOBHE PO3YMiHHS
3 Zi€10, JeMOHCTPYIOUM BHCOKY aJaNTHBHICTH i T€HEepati3alliio 3HaHb Y
KOHTEKCTaX, [0 BapifOIOTHCS BiJl pEATbHUX CUMYJIAIi 10 MiiyHUX 91
HAYKOBO-(aHTACTUYHUX CICHAPIIB.

Hocnigaunbki mnardopmu, taki sk Construction Lab, Playhouse,
ProcTHOR 1 WorldLab, mtpomoHYIOTH KOHTPOJIbOBaHI YMOBH 3

peanicTUYHO0 (PI3UYHOIO B3aEMOTIEIO JJIS MOJICITFOBAHHS MTOBCSIKICHHUX
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3aBllaHb, TAKUX SK TMOIIYK OO’€KTiB UM MpUOMpaHHS. 3aBHaHHS B IUX
CepeIOBHINAX XapaKTePU3YIOThCS HEBU3HAYCHICTIO, BETMKUM TPOCTOPOM
MOIJIMBHX [id 1 BIJICYTHICTIO UITKHX AQlTOPUTMIB BHUpIIIEHHS, IO
poOUTH IX IHTENEKTYaIbHUMHU 3ajJadaMul IS areHTa, sIKi BHMararoTh
ajanrarii, aHaji3y Ta yXBaJICHHS PillleHb Y 3MiHHAX YMOBaX.

TpenyBannsi arenta SIMA 3nailicHIOBanocss 3a  JIOTIOMOTOIO
HAaBYaHHA 3 YYWTEJEeM, BHKOPDHUCTOBYIOUM 3allUCH ITPOBHX Ceciit
peanpHUX JIIOfeH, JIONMOBHEHI MerajaHuMmu. Ilpm mpoMy areHt
OTPUMYBaB JIMIIE 300pa)KCHHS, pEHJCpeHe (Bi3yalli3ye CEpelIOBHILE
yepe3 BIPTyalibHY Kamepy) rporo (Take came, sike 0auyuTh 3BUYANHMI
rpaBelb), a TaKOXK IHCTPYKIIO, 3aJaHy MPUPOIHOI MOBOIO, Ky
HeoOXigHO BuKOHaTH. [l 3a0e3medeHHs pPIBHOMIPHOTO HaBYaHHS
KOMaHJM OyJid BPYYHY KJIacTEPH30BaHi 3a JIOTIYHUMHU KaTETOPIisAMU JIii.
HonarkoBo Oynmu CTBOpeHi 3 HyJsl TpaHC(HOpPMEpPHi MOJIEIi, pe3yabTaTH
SIKMX TIEPEJA0ThCs IO HEHPOHHOI MEPEeXKi, 110 TeHepye il Ki1aBiaTypH Ta
mumi. HaBuanHs areHta O0a3yeTbcs Ha TOBTOPEHHI MOBEIIHKH,
3aCHOBAHOI Ha 3aIucax il JIOANHH.

OmintoBanHss areHta SIMA  yCKNamHSIOTBCS — BiJICYTHICTIO
3aralbHUX KPHUTEPiiB yCHiXy, OOMEXEHHM IOCTYIOM JIO JaHuX
CEPEIOBHII Y KOMEPIIHHMX Irpax Ta BUCOKOK BApTICTIO 3aBaHTaKCHHS
3aBAaHb. [l OIIHKM BHKOPHCTOBYIOTHCSI Pi3HI MeToau. Pesynbratu
poOOTH areHTa Ha CIMOX CepeloBHWINAX, JAeTalbHO omucadi y [3, 16],
MOKa3ytoTh, 10 areHT SIMA 31aTeH BHKOHYBaTH IIUPOKUN CHEKTP
3aBJaHb B PI3HOMaHITHUX CEPEJOBHUIIAX, X0Ua 1 3AJIMIIAETHC YHUMAIUN
MPOCTIpP IS TIOKPAIeHb. 3PO3YyMiJIO, M0 BAYKIUBOIO € 1 OIliHKAa BMiHHS
areHTa A0 y3arajibHEHHS.

IopiBasiaasa arerta SIMA mpoBeseHO 3 0a30BUMH MOJIENSAMHA Ta
MomudiKamisMil  JUIS  OLIHKH HMOTO TMPOAYKTUBHOCTI y  Pi3HHUX
cepefoBUIaX. BiH JeMOHCTpYBaB BUCOKY €(EKTHBHICTh, OCOOIHBO Y
zero-shot crieHapisx, ne moTpiOHO MEPEeHOCUTH 3HAHHS B CEpPEIOBHIIA,
Ha SKAX HE HaBYaBCsA. ATEHTH 0e3 MOIEepefHbO HABYCHUX CHKOIEPIB
MOKa3yl0Th  CYTTEBO HWXKYY TPOAYKTHBHICTb, IO MiJKPECIIOE
Ba)KJIMBICTh BUKOPUCTAHHS TIEpETPEHOBaHUX Mojienieil. Moaundikarist 6e3
MOBHOTO  KOMIIOHEHTa 3Ha4HO TMOCTYMAEThCS  MPOAYKTUBHOCTI,
MiATBEP/KYIOYH KPUTHYHY poib MoBU. OcHoBHUIT areHT SIMA
JEMOHCTPYBaB  Kpally NPOAyKTHBHICTH (67%), HIX crewianizoBaHi
areHTd, IO 3acBiA4y€  IIO3UTHBHE TIEPEHECEHHS HABUUOK MIiXK
CepeIOBUILIAMHU.

SIMA Ttakox nepeBuIye 6a30Bi Mozeni. ATeHT 06e3 MonepeIHbOro
HABYAHHS TIOKa3aB 3HAYHO Tipmmi pe3ynpraTd. Momenbs 6e3 MOBHOTO
KOMIIOHEHTa TMOKa3ajia HU3bKY MPOJYKTHBHICTH, 110 3aCBIIUy€ aKTHBHE
BUKOPHUCTAHHSI areHTOM MOBHHUX IHCTPYKIiH, a HE JHIIe HMOBIpHICHHX
MOBEIHKOBUX LIa0JIOHIB.

VY pobori [3, 20] mpuBeneHO pe3yiapTaT  MOPIBHAHHS POOOTH
areHTa i 3 MPOAYKTUBHICTIO pOOOTH JIOAWHU. X04Ya JIOAH 1 TIOKa3ylTh
Kpamyii pe3yabTaT HiXK areHTH, NpoTe 1 IXHS TOYHICTh CKIIAJa€ JIUIIE
60%. Mu BBakaeMo Ilel TTOKa3HUK AY>K€ BKJIMBHM, aJKE 3aBIaHHS,
SKi BHKOHYBaJliCd He Oyl YUCTO MEXaHIYHUMH, J€ MallluHa JIETKO
MOX€ TEepEeBEpPIINTH JIOANHY. BOHM BHpa)kalud HOCHTH KOMILIEKCHI i
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HEeTpUBianbHI 3aBHaHHs (1HTENeKTyalbHI 3afad4i). [lopiBHSHHS mMOKa3aio
HACKIJIbKWA HACTIpaB/i areHT HaOJIM3HMBCS 10 JIOJACHKOI MPOAYKTHBHOCTI,
TOOTO TIO JTAHOMY KPHUTEPIit0 Pe3yJIbTaTH MOXKHA BBAYKATH KPAIIUMHU HiX
npu aOCOMIOTHIN OINHIN, a/pke TMPOAYKTUBHICTH areHTra CKJaia
npuOm3HO 50% Bix IPOAYKTUBHOCTI JIFOUHH.

SIMA — mpoeKT, cripIMOBaHUN Ha CTBOPEHHS areHTa, 3/aTHOTO
MOB’SI3yBaTH MOBHI IHCTPYKILii 3 TMOBEOiHKOIO Yy HacudeHux 3D-
cepefoBUIIAX. Xo4a areHT JOEMOHCTPYE IEPEHECEHHS HaBHUYOK MiX
CEpEeOBHINAMH, BKJIIOUAIOUM Zero-shot HaB4yaHHs, ane Oarato 3aBaaHb
3aJIMIIAIOTHCS. HEMOCSHKHUMHU. MalOyTHI JOCHTIKEHHS 30Cepe/KeHi Ha
MacIiTaOyBaHHI 0 HOBHX CEpPEIOBHIIN, MMiABHINEHHI CTIMKOCTI areHTiB,
BUKOPUCTAaHHI SKICHIIMX MoOJeNeld Ta po3poOIl TOYHUX METOMIB
OIIHIOBaHHSA, 110 3poouth SIMA BaXJIMBOIO IUIATOPMOIO IS
nociimxenas AGI.

SIMA neMoHCTpy€e 3HAUHHI MPOTpec y MEepeHECeHHI HABUUOK MiXK
CepeIoBUIIAMH Ta BHUKOHAaHHI 0a30BMX Jili y HOBHX yMoOBax 0e3
MOTEPeAH,OTO  HaB4yaHHS  (zero-shot). Bopnowac ©Oarato 3aBaaHb
3aJIMIIAI0THCS HEOCSHKHUMH, 10 BKa3ye Ha HEOOXiTHICTh MOAATBLINX
JociipkeHb, Lled MpoeKT BiKpUBAE TMEPCHCKTHBH JUJISI CTBOPECHHS
yaiBepcanbHoro III, 3maTHOTO pPO3B’s3yBaTH CKIAAHI 3aBIAHHA B
CHUMYJIbOBAaHHX CEPEAOBHUILAX.
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METHODS FOR FAST DETECTION OF SIMILARITIES IN IMAGES FROM UAV
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This research focuses on developing rapid methods for detecting similarities between images
captured by Unmanned Aerial Vehicles and sections of orthophoto plans. The primary objective is to
determine the degree of similarity to facilitate the localization of drones in the absence of GPS signals.
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