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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PYOpPHK: 28.23.37

Tema guceprauii:
1. Po3pigyKeHO-pOo3NnoAiNieHe MOJAaHHS CTPYKTYP JaHUX Y HEMPOHHUX MEpeKax

2. Sparse Distributed Representation of Structured Data in Neural Networks

Pedepar:

1. Iucepraniiina po6oTa npucBsYeHa NOoCaiTKeHHI0 GeHOMEHOJIOTIYHUX MOoesiel TaM sITi JIIOAUHU Ta TBapUH
IIJIIXOM [TOJJAHHS B HEPOHHUX MepesKax JaHuX, IO MAIOThb IEBHY CTPYKTYPY (iepapxidyHy, CEMaHTUYHY TOIIO).
OCHOBHUM 3aBJaHHSIM AUCepTaliliHOI poOOTH € [106y10Ba Ta aHali3 riOpUIHOrO CEMAaHTUYHOTO CXOBUILA, sSIKe 01
MaJlo MO>KJIMBICTB 30€piraTu LijlicHi JaHi (HanpuKiak, CTPYKTYPY B3a€MOIIOB'I3aHUX i IOCIIiJOBHUX Map KJII0Y-
3HA4YE€HHS1) Y HEMPOHHiN Mepesxi. KoHCTpyKuUii mam’siTi 47151 BUpillleHHs Takoi 3afa4i mpononyBanuch y 1990-ux,
IIPOTE HE € IPAaKTUYHMUMU Yepe3 HeJOCTATHIO MacIITaboBaHiCTh Ta HU3bKY IIiJIbHICTh 30epiraHHs. 3arnpornoHoBaHa
Mogzesb CS-SDM 3a paxyHOK BUKOPUCTaHHS TPETLOI TEOPIi - CTUCKAI0YMX BUMIPIOBAHb - 3alIOBHIOE iCHYIOUNA
PO3puB MiXX TBOMa (eHOMEHOJIOTIYUHUMU MiAX04aMU 10 MOZEeJI0BaHHS 6i0J10TiYHOI Mam’sTi. Yce Bulle
IepepaxoBaHe 3yMOBJIIOE aKTyaJIbHICTb AUCEPTaLiiiHOi po60TH. HaykoBa HOBU3HA pOOOTH MOJISITae B pO3po6Li Ta

IIOCJTiKEHHI XapaKTepUCTUK HOBOI TibpumHoi Mojiesti po3pimkeHo-poanoineHoi nam’sti CS-SDM. Lis mogens



BIIEpIIE [10€HAJA Ba HANpsIMU (EHOMEHOJIOTIYHOTO MOJEJII0OBAaHHS [TaM’sITi, 3a6e311e4nBIIN YMOBU €(PEKTUBHOTO
BHUKOPHCTaHHS pO3piIyKeHo-po3nofineHoi nam'sti tuny SDM. Takox yriepuie 6yJ10 3aIIpOIIOHOBAaHE 3aCTOCYBaHHS
Teopii cTuckarounx BuMipioBass (CS) nJ1st MmozentoBaHHs npupogHoi nam'sti. Epextusnicts CS-SDM foBezieHa sk
(GOpMaJIBHO, TaK i ekcriepuMeHTanbHO. CS-SDM € nepuoro IMTYy4YHOK HENPOMEPEKEIo, 10 y IOBHIN Mipi Ta 3
IIPAKTUYHO MPUAATHOIO €EMHICTIO O3BOJIS€ 30€peraty CTPYKTYpOBaHi IaHHi, TOOTO NpUIaTHA 1J1s1 306€peKeHHS
ceMaHTUKU. Mognesnb CS-SDM Mae psp npukiazis 3acTocyBaHHA. CS-SDM 3 NpakTUYHO NIPUAATHOIO €MHICTIO
II03BOJIsIE 36€epiraTu CTPyKypOBaHi JaHHI, 110 BiAKpUBaE NE€PCIEKTUBH ii BAKOPMCTAaHHS y PI3HOMaHITHUX 3a/iayax
LITYYHOTO iHTEJIEKTY Ta SIK CKJIa[0BOI HEMIPOMEPEKHUX MOJEJIEN Y MALIMHHOMY HaB4YaHHI. Takoxk CS-SDM Mmoxke
BHUKOPHCTOBYBATUCh y THX TaJly3siX JIIOJCbKOI AisITIBHOCTI, Jle 3aCTOCOBYETHCS LITYYHUM iHTEJIEKT: pOOOTOTEXHill,
CEMaHTUYHOMY IIOIIYKY, FeHepallii KOHTEHTY Y COLiaJIbHAX MEPEXKax, MEAUYHOI IiarHOCTUKHY TOIIO. B xo1i
IOCiIKeHHs Oysa po3po6JieHa IporpaMHa 6i6J1ioTeka 3 BiIKpUTUMU Kojamu, 1o peanidye CS-SDM Ha rpadiyHux
npouecopax (Ha matdopmi NVIDIA CUDA) i Tako>X MiCTUTh peasisaliii aganToBaHUX 10 36epeskKeHHs pO3PiIKeHNX
BeKTOpiB KOHCTPyKLit SDM Kanepsu i [xekesna. bibsioTeka BpoBaakeHa y ckiazi bazoBoro nporpaMHoro
3abesnevyeHHs cynepkomi'torepHoro komiiekey CKIT y IleHTpi KoJIeKTUBHOTO KOPUCTYBaHHS 00J1aiHAHHSIM
cynepkommn 1orepHoro kommiekcy "CKIT" (UKKO CKK "CKIT") B InctutyTi KibepHeTuku im.B.M.I'mymkosa HAH

Ykpainu. Koz, 6i6;1i0T€KU € BiKpUTUM Ta JOCTYITHUM JJIs1 iHIIMX HOCIiGHUKIB Ha ratdopmi GitHub.

2. The dissertation is focused on studying phenomenological models of human and animal memory by presenting
data with a specific structure (hierarchical, semantic, etc.) in neural networks. The main task of the dissertation is
constructing and analysing a hybrid semantic store that would be able to store complete data (for example,
structures of interconnected and consecutive key-value pairs) in a neural network. Memory designs to solve this
problem were proposed in the 1990s but are not practical due to insufficient scalability and low storage density.
The proposed CS-SDM model fills the existing gap between two phenomenological approaches to biological
memory modelling by using the third theory - Compressive Sensing. All the statements above determine the
relevance of the dissertation work. The scientific novelty of the work consists of developing and researching the
characteristics of a new hybrid model of sparse-distributed memory CS-SDM. For the first time, this model
combined two directions of phenomenological modelling of memory, providing conditions for the effective use of
sparse-distributed memory of the SDM type. Also, applying the theory of Compressive Sensing (CS) was proposed
for the first time to model natural memory. The effectiveness of CS-SDM has been proven both formally and
experimentally. CS-SDM is the first artificial neural network that entirely and practically suitable capacity allows
you to store structured data, which is suitable for preserving semantics. The CS-SDM model has numerous
applications. CS-SDM, with a practically usable capacity, allows you to store structured data, which opens
prospects for its use in various tasks of artificial intelligence and as a component of neural network models in
machine learning. Also, CS-SDM can be used in those fields of human activity where artificial intelligence is used:
robotics, semantic search, content generation in social networks, medical diagnostics, etc. In the course of the
research, an open-source software library was developed that implements CS-SDM on graphics processors (on the
NVIDIA CUDA platform) and also contains implementations of the Kanerva and Jackel SDM designs adapted to the
preservation of sparse vectors. The library is implemented as part of the essential software of the SCIT
supercomputer complex in the Center for collective use of the equipment of the SCIT supercomputer complex
(CCKO SKK "SCIT") at the V.M. Glushkov Institute of Cybernetics of the National Academy of Sciences of Ukraine.
The library code is open and available to other researchers on the GitHub platform.
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