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1. Mogeni 6ios10riyHNX HEIPOHHUX MEPEX IJ1s1 IPOCTOPOBO-YACOBOI aCOLiaTUBHOI MaMsTi

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

Pedepar:

1. Ocaynenko B.M. Mogesi 6i010riyHUX HEMPOHHUX MEPEX [1J1s IPOCTOPOBO-4aCOBO]i acoliaTMBHOI nam’aTi. - Ha
IpaBax pykonucy. JlucepTratis Ha 3M00yTTS HAyKOBOTO CTYIIEHs KaHAUAATa TEXHIYHMX HAYK 3a CIelialbHiCTIO
05.13.23 - cucreMu Ta 3acO6U WTYYHOTO iHTeNeKTy HalioHanbHMi TeXHiYHMI yHiBepcuTeT YKpainu “KuiBcbKuit
noJsliTexHiyHU iHCTUTYT iMeHi Iropst Cikopcpkoro” MOH Vkpainu, Kuis, 2019 p. [Jana po60Ta BUKOPUCTOBYE
Pe3yJbTaTU JOCTiIKEeHHS 6i0JI0TIYHNX HEPOHHUX MEPEX J1JIs1 BOCKOHAJIEHHS [TOIIepeIHIX Ta 100y10BA HOBUX

Mo eJiell MPOCTOPO-4aCOBOi aCOLiaTUBHOI MaM’sITi. 3alIPOIIOHOBAHO HOBY MOJI€JIb IPOCTOPOBOI ACOL[iaTUBHO]



nam’siTi Ha OCHOBI cirma-nail HeiipoHa, 10 BPaxOBye AEHAPUTHI 00YMCIEHHs Ta MA€ BUCOKY €EMHICTb IIaM'sITi, 110 3a
[IEBHMMU IIOKa3HMKaMU IIepeBeplIye KIaCuYHy Moesb Binmoy. [TokasaHo, o BUKOPHCTaHHS HEMPOHA cirma-nan
Ta pPO3PiIKEHOI akTUBallii IoKpallye Ha IOPSA0K EMHICTb IaM’sITi IEPEXOiB [1OCIiLOBHOCTI BiloMOi MOJieJi
iepapxiuHo TemnopanbHoi nam’siti (HTM) npu 0HAKOBIM KiZIbKOCTI 3B'43KiB. 3allpOIIOHOBAHO HOBY MOJIEJIb
IIpe/ICTaBJIEHHS NOCJIiZOBHOCTI B 6iHApHE PO3PiIpKeHO-PO3IOoiseHe MPeACTaBIE€HHS, sIKa BKJIIOYA€ 3IaTHICTDb
HellpoHa [0 aKkTUBallii i SIKiCHO BiATBOpPIOE 6iosIoriyHi edeKTH, Taki K 30epesKeHHs CX0XO0CTi, YyTIUBICTb 1O
MIOPAIKY, LOIIOBHEHHS IIOCJIIOBHOCTI Ta 4aCOBY CXOXKICTb. [IpencraBiieHi Mogeli IpOCTOPOBO-4aCOBOi
acolLiaTUBHOI MaM'sITi OKA3YIOTh Tiplli pe3ysbTaTyd PO3Ni3HaBaHHS 00pasiB [J1sl 3a7ja4 POOOTOTEXHIKY B [TOPIiBHSHI 3
MigX0O0M TIIMO0KMX HEMPOHHUX MEPEX, ITPOTEe BOHU 6i0JIOTiYHO MOiOHi, MalOTh ITPMUBAOIIMBI 06YMCIIOBAIbHI
BJIACTMBOCTI i TOMY BapTi IOJAJbIINX JOCTigKeHb. KitouoBi c0Ba: acoljaTuBHa IaM'sITh, J€HPUTHI OOYMCIIEHHS,
[IPOTHO3YBaHH4 IOCJiTOBHOCTEN, PO3Ii3HaBaHHS IIOCIiLOBHOCTEN, CirMa-Tail HEMPOH, PO3PIIKEHO PO3NOAiTeHe

MIpeCTaBJIECHHS

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
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