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2. Sparse Distributed Representation of Structured Data in Neural Networks

Pedepar:

1. Inceprariiina po60Ta IpUCBIYeHA JOCTiIKeHHI0 GEeHOMEHOJIOTIYHNX MOZesiel TaM sITi JII0NVHY Ta TBApUH
IJISIXOM IOJIAHHS B HEMPOHHUX MEpeXKax JaHuX, [0 MAIOTh IEBHY CTPYKTYPY (iepapxiyHy, CEMaHTUYHY TOILO).
OCHOBHUM 3aBJaHHSIM AMCEPTaLiliHOI poOOTH € [T00Yy0Ba Ta aHaJIi3 riOPUIHOrO CEMAaHTUYHOTO CXOBUIIA, SIKe 61
MaJjIo MOKJIMBICTb 306€epiratu LijicHi gaHi (Hanpukiag, CTPYKTYpU B3a€MOIIOB'SI3aHUX i IIOCJIiOBHUX Nap KIIIOY-
3HAYEHHS) Y HeHpoHHiN mepexi. KoHCTpyKLiil mam’sTi AJ1s1 BUpilneHHs Takoi 3ajayi npononysanuck y 1990-ux,
IIPOTE HE € IPAaKTUYHUMU Yepe3 HeJJOCTATHIO MacIITab0BaHiCTh Ta HU3bKY IiJIbHICTb 30epiraHHs. 3anporoHOBaHa

Mogzenb CS-SDM 3a paxyHOK BUKOPUCTaHHSA TPETLOI TEOPIi - CTUCKAI0YUX BUMIiPIOBAHb - 3allIOBHIOE iCHYIOYNA



pO3puB MiX gBoMa (EeHOMEHOJIOTIYHMMH MiAX0IaMU 10 MOIeTI0BaHHS 6iosioridyHoi mam’saTi. Yce Buie
repepaxoBaHe 3yMOBJIIO€ aKTyaJIbHICTh IucepTaliiiHoi po6oTu. HaykoBa HOBM3HA POOOTH IOJIAra€e B po3pooLii Ta
IIOCTIiIKEeHHI XapakTepUCTUK HOBOI ribpumHoi Mofei po3pimkeHo-poanoineHoi nam’sti CS-SDM. Lis moznens
BIIEpILE [T0€HaA ABa HANpsiMU (EHOMEHOJIOTIYHOTO MOJIeJII0BaHHS [1aM’sITi, 3a6e31e4nBIIN YMOBU €(PEKTUBHOTO
BUKOPUCTAHHS PO3PiIpKeHO-po3nogineHoi nam'ari tuiry SDM. Takox ynepiue 6ys10 3alIpolIoHOBaHE 3aCTOCYBaHHS
Teopii cTuckarounx BuMiptoBass (CS) 1J1s1 MoziestoBaHHs NpupoHoi nam'sti. EextusHicts CS-SDM noBezeHa siK
(opMabHO, TaK i ekcriepuMeHTanbHO. CS-SDM € nepuior ITYy4YHO HENPOMEPEKeIo, 10 y IIOBHIN Mipi Ta 3
IIPAKTUYHO MPUAATHOIO EMHICTIO JO3BOJIsS€ 30€peraTy CTPYKTYpPOBaHi IaHHi, TOOTO NpUIaTHA 17151 30€peKeHHS
ceMaHTUKU. Monenb CS-SDM Mmae psp npukiazis 3actocyBanHsA. CS-SDM 3 NpakTUYHO NIPUAATHOIO EMHICTIO
II03BOJIsIE 36€epiraTu CTPyKypOBaHi laHHi, 110 BiAKpUBae NEPCIEeKTUBH ii BAKOPUCTAaHHS y PI3HOMaHITHUX 3a/iayax
LITYYHOTO iHTEJIEKTY Ta SIK CKJIa40BOI HEMIPOMEPEKHUX MOJEJIEN Y MALIMHHOMY HaB4YaHHI. Takox CS-SDM Mmoxke
BUKOPUCTOBYBATUCh y TUX raly3siX JIIOJCHKOI AiSJIbHOCTI, [Ié 32CTOCOBY€EThCS IITYYHUI iHTEJIEKT: POOOTOTEXHIll,
CEMaHTUYHOMY IIOIIYKY, FeHepallii KOHTEHTY Y COLiaJIbHAX MEPeXKax, MEAUYHOI IiarHOCTUKHY TOIIO. B xo1i
IOCTiKeHHs Oysa po3pobiieHa IporpaMHa 6i6J1ioTeka 3 BiIKpUTUMU Kojamy, 1o peanidye CS-SDM Ha rpadiyHux
npouecopax (Ha niatdopmi NVIDIA CUDA) i TakoK MiCTATDH peasisallii aianTOBaHUX J10 30€pe>KeHHS pPO3PiIKeHUX
BeKTOpiB KOHCTPYKLit SDM Kanepsu i [xekesna. bibsioTeka BipoBaakeHa y ckiazni bazoBoro nporpaMHoOro
3abesnevyeHHs cynepkomi'torepHoro kommiekey CKIT y IleHTpi KojleKTUBHOTO KOPUCTYBaHHS 06J1aiHAaHHIM
cynepkommn 'totepHoro kommiekcy "CKIT" (UKKO CKK "CKIT") B InctutyTi KibepHeTuku im.B.M.I'nymkosa HAH
Ykpainu. Kog, 6i6;1i0Te€Ku € BifKpUTUM Ta OCTYITHUM 151 iHIIMX JOCiGHUKIB Ha atdopmi 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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