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2. Models of biological neural networks for spatio-temporal association memory

Pedepar:

1. Ocaynenko B.M. Mogeni 6i0s10riuHNX HEIPOHHUX MepeX IJ1s1 IPOCTOPOBO-4aCOBOi acoLiaTUBHOI am’qTi. - Ha
npaBax pykonucy. JlucepTallist Ha 300yTTs HAyKOBOT'O CTYIIeHs KaHAUAATa TEXHIYHMX HAYK 3a CIleliabHiCTIO
05.13.23 - cucremu Ta 3acobu WTYYHOro iHTEeeKTy HalioHanpHU TeXHIYHUI yHiBepcuTeT YKpainu “KuiBcbkuit
noJliTexHiyHui iHcTUTYT iMeHi Irops Cikopcbkoro” MOH Vkpainu, Kuis, 2019 p. [lana po60Ta BUKOPUCTOBYE
pe3yJIbTaTy JOCJiIPKEHHS 6i0JI0TiYHUX HEMPOHHUX MEPEeX JJ1s1 BIOCKOHAJIEHHS MONePeHiX Ta MO6YL0BA HOBUX
MoJeJsiell MPOCTOPO-4acoBOi acoliaTUBHOI TaM'sITi. 3aIIPOIIOHOBAHO HOBY MOJI€JIb IIPOCTOPOBO] aCOLiaTUBHO]
IIaM’sITi Ha OCHOBI cirma-nai HeMpoHa, 110 BPaxXOBye NEHAPUTHI 064KCIIEHHS Ta Ma€ BUCOKY €MHICTb IIaM'sITi, 11O 3a
[I€eBHVMMM MOKa3HUKaMU IIepeBepILIye KIacu4YHy Mogenb Binmoy. [TokasaHo, 0 BUKOPUMCTaHHA HEMPOHA cirMa-namn

Ta pPO3PiIKeHOI akTUBallii IOKpalye Ha IOPSIIOK EMHICTb TaM’sITi IEPeXO0ZiB [IOCIiLOBHOCTI BiloMoi MofieJti



iepapxiyHo TemnopanbHoi nam’sti (HTM) nmpu ogHaKOBIl KiIbKOCTI 3B’13KiB. 3alIpOIIOHOBAHO HOBY MOJIEJIb
MpeCTaBJIeHHS MTOCiNOBHOCTI B GiHapHE pO3PimKeHO-po3MnoieHe MpeaCcTaBlIeHHs, SIKa BKIII0Ya€ 3/IaTHICTb
HelpoHa [0 aKkTUBallii i SIKiCHO BiATBOPIOE 6iosIoriyHi edeKTH, TaKi K 30epesKeHHs CX0XKOCTi, YyTJIUBICTb 1O
MOPAIKY, ZOIIOBHEHHS TOCJIiIOBHOCTI Ta 4aCOBY CXOXICTb. [IpencraBiieHi Mogeli IpOCTOPOBO-4aCOBOi
acoLiaTUBHOI MaM'sITi IOKA3YIOTh Tiplli pe3ysbTaTy PO3Ni3HaBaHHS 00pasiB 1715 3a7ja4 POOOTOTEXHIKM B [TOPiBHSHI 3
MigX0O0M TIIMO0KHX HEMPOHHUX MEPEX, ITPOTE BOHU 6i0JIOTiYHO MOiOHi, MalOTh TPHBAOIIMBI 06YMCIIIOBAIbHI
BJIACTMBOCTI i TOMY BapTi IOJAJbIINX JOCTiIKeHb. KillouoBi c10Ba: acoliaTuBHA IaM'sITh, J€HPUTHI OOYMCIIEHHS,
IIPOTHO3YBaHHS IIOCJIiIOBHOCTEN, PO3I1iI3HABAHHS I1OCJIiOBHOCTEN, CirMa-11ail HEVPOH, PO3PiIKEHO PO3IOALIEHE

MpenCTaBJI€HHA

2. Osaulenko V.M. Models of biological neural networks for spatio-temporal association memory. - The
manuscript. Thesis for a candidate degree in specialty 05.13.23 - Systems and applications of artificial intelligence.
- National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, 2019. This work uses the
results of biological neural network research to refine previous and build new models of spatial-temporal
associative memory. A new model of spatial associative memory based on the sigma pi neuron is proposed, which
takes into account dendritic calculations and has a high memory capacity, which exceeds the classic Willows
model by some indicators. It is shown that the use of a sigma-pi neuron and sparse activation improves the order
of the hierarchical temporal memory (HTM) memory capacity of the transitions with the same number of
connections. A new model of sequence representation in a binary sparse distributed representation is proposed,
which incorporates the neurons excitability and reproduces qualitatively biological effects such as preservation of
similarity, sensitivity to order, sequence completion, and temporal similarity. The presented models of spatial-
temporal associative memory show worse image recognition results for robotics tasks compared to the deep
neural network approach, but they are biologically plausible, have attractive computational properties and are
therefore worth for further research. Keywords: associative memory, dendritic computation, sequence prediction,
sequence recognition, sigma-pi neuron, sparse distributed representation

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLilHOI AiJIBHOCTI:
ITiZcyMKH JOCTiI>KEeHHS:

Iy6sikamii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTbh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaaykeHHs pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH T€EMaMH:

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. MakapeHnko Osnekcanap CepriiioBud

2. Makarenko Olexandr S.

KBasigikanis: 1. ¢.-m. n., 01.05.02



InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHAUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoAKeHHS:

dopma By1acHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BigomocTi npo odilifiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Kopabsb0B Mukosia Muxainosud

2. Korablov Mykola M.

KBasigikanis: n. 1. u., 05.13.23
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocosyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Auppiniuyk Oser BaneHTUHOBUY

2. Andriychuk Oleg V.

KBasmigikamis: . . u., 01.05.04
InenTudikarop ORCID ID: He 3acrocosyerbes
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOMH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:

dopma ByracHoCTI:



Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Penensentu

VIII. 3aKkJII04Hi BiZOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

Baache IlpizBuie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BignoBigasbHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallil0o HAayKOBOIi

OisIIbHOCTI

3rypoBCbKUI MUXaiio 3axapoBru4

[TankpartoBa Haranis IMuTpiBHa

IOpuenko T.A.



