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AHHOTALMA

B nocnegHue rogbl MHOrMe HayyHble rpynnbl paboTaloT Haf annapaTHOW peanu3auMen UCKYCCTBEHHbIX HEMPOHHBIX CeTen,
uT0bbI NPUBAM3UTLCA K BBIMUCTUTENBHOW IOMEKTUBHOCTM HEPBHBIX CUCTEM MMBbIX OPraH13MoB. MeMpucTopbl MOryT Mrpath
ponb CUHancoB B Takux ceTAx [1]. PasHoobpasHble MeMpUCTMBHbIE CTPYKTYpbl M MaTepuanbl yxe Obinv MpoTecTUPOBaHbI
B HEMPOHHBIX CETAX C Pa3/INYHbIMM apXWUTEKTYpaMK, HO 0 CUX MOP HU OfMH MEMPUCTOP He CYMTAETCA MAeanbHbIM A an-
napaTHomn peanu3auuu cuHanca [1]. OgHoi M3 Hambonee cylecTBEHHBIX NpobieM ABNAETCA HaNMuMe BapUaTMBHOCTU, NpU-
CyLLIe BCEM MEMPUCTUBHBIM YCTPOWCTBAM, YTO YCNOMHAET 00yYeHMe HeMpoHHbIX ceTel [1]. Bbino NpeanoreHo HECKOMBKO
MOAX0A0B A/1A YaCTUYHOMO PEeLUEHUA 3TOM Npob/ieMbl, HaNpUMep Co3faHue pe3epByapHbIX BbIMUCIUTENBHLIX cucTeM (PBC)
[2] v cnaikoBbix HerMpoHHbIX ceTer (CHC) [3], a TakiKe UHKeHepUsa fedeKToB 4 YNyULIEHUA MEMPUCTUBHBIX XapaKTEPUCTUK.
B atoi pabote Mbl npepnaraeM o6beamHuT PBC ¢ CHC 1 co3patb HepomopdHyio 61onofobHyio cucTeMy Ha OCHOBE ABYX
TUMOB OPraHNYeckMX MEMPUCTOPOB CO CrieLManbHO pa3paboTaHHbIMK CTPYKTYPaMU U YNyYLLIEHHBIMU XapaKTepPUCTUKaMM.
PesepByapHaA BbluMCAMTENbHAA CUCTEMA COCTOMT M3 [BYX OCHOBHbIX YacTeW: pesepByapa M cuuTbiBaloLiero cnos [2].
Pe3epByapHblii CIOM U3BNIEKAET HEKOTOPbIE XapaKTepHble MPU3HAKW M3 BXOAHbIX AaHHbIX 6narofapA cBoei BHYTPEHHEW
HeNMHeMHOW AMHaMWKe. 3aTeM CUWTLIBAIOLMIA CMIOM MCMOMb3YET 3TU MPU3HAKM ANA KNAaCCUPUKALMKM BXOOHBIX JaHHBIX.
Kak npaBwuno, B KayecTBe cumThiBaloLero cnod B PBC ncnonb3yioT cTaHAapTHY0 NONHOCBA3HYI0 HEMPOHHYIO ceTb. Mpouecc
06y4eHuA NPoMCXOaMT TONBKO B CYMTHIBAIOLLLEM CTOe, B TO BPEMA KaK pe3epByap He 06y4aeTcA. YMeHbLLEHUe Konn4ecTBa
06y4aeMbIX CMHAMCOB 3HAUMUTENBHO CHUMKAET BAIMAHWE MEMPUCTUBHOW BapyuaTMBHOCTM Ha mpolecc 0by4eHuA.
Wcnonb3oBaHue pasnmyHbix TMNoB Mempuctopos B PBC npuHumMnuancbHo. Pe3epByapHblid oM OOMKEH COCTOATb U3 MEM-
PUCTOPOB C KPaTKOBPEMEHHOW MaMATbIO, T.e. BONATUbHBIX MEMPUCTOPOB. TakMM 06pa3oM, MEMPUCTOPbI MOryT obpabarbl-
BaTb Kaw bl 0bpasel, U3 BXOOHbIX AaHHbIX MHOMBUAYaNbHO. [InA peanu3aumm atoro cnoA 6biin BolbpaHbl BONATUbHbIE
MeMpucTopbl Ha ocHose nonuanunuHa (MAHW). Oum moryt paboTath ¢ 6uonornyecku npaBgonofo6HLIMU BpEMEHHBIMU
[Vana3oHaMm, YTO BarKHO, MOCKONbKY Mbl CTPEMUMCA UMUTUPOBaTL buonoruyeckue cuctemsl [4]. HanpoTue, cunTtbiBalo-
LLIMI CNON OOMKEH COCTOATb U3 MEMPUCTOPOB C ONMOBPEMEHHON NAaMATbIO, T.e. HEBOATU/IbHLIX MEMPUCTOPOB, MOCKOSBKY
OH [IO/I*KEH COXPaHATb 06Y4eHHbIE CUHANTUYecKMe Beca. [1A CUMTBIBAIOLLErO CNoA ObIAM BbIbpaHbl HEBONATUILHBIE NMONW-
n-KkeununeHossle (MMK) MeMpucTopel ¢ BHeAPEHHBIMM HaHovacTULamMu MoO,.

PesepByapHan BbluMCIUTENBHAA CUCTEMA UCTIONB3YET BaHbIe MPUHLMMbLI GYHKLMOHMPOBAHWA MO3ra, MOCKOMbKY U KpaTKo-
BpEMeHHadA, U [ONroBpeMeHHas MaMATb UrpaeT BarHYl0 ponb B 6uonornyeckux cuctemax. OgHako 06bl4HO B KauecTBe
cumTbiBaloLLero cnon B PBC ncnonb3yioT cTaHAapTHbIE HEMPOHHbIe ceTu [2]. Mx obyyeHne TpebyeT NocToAHHOrO rnobanb-
HOro 06HOBJIEHWA BECOB, YTO AENaeT 3T CETU YA3BMMbIMUA K MEMPUCTUBHOM cToxacTuuHocTu. C apyrom ctopoHsl, B CHC
npeaycMOTPEHO JIOKanbHoe 06y4YeHKe, HaNpMMep C MCMofb30BaHWEM 6MONOA06HBIX NpaBMn 0by4eHUs, YTo JenaeT Takue
cetut 6onee ahdeKTMBHBIMM M HafEXHbIMM [3]. TlosToMy MbI NpegnonaraeM, YTo NoNHOCTbI opraHuyeckas PBC ¢ CHC-
CUMTLIBAIOLLMM CII0EM ABNAETCA MHOr0o0beLLaloLLe annapaTHOM MeMPUCTUBHOM apXUTEKTYPON.

PaboTa cocTomT 13 ABYX YacTeit: annapaTHol 1 nporpaMMHoi. CHavana 6biny U3roToBMEHbI U UCCReLoBaHbI MEMPUCTUBHbIE
yctpoictBa Ha ocHose TMAHW u MIMK. AnnapatHbii NAHW-pe3epByap NpoLeMOHCTPUPOBaN CMOCOBHOCTb M3BNEKATb XapaK-
TepHble MPU3HaKW W3 BXOAHbIX AaHHbIX. HaHokoMno3uTHble [MMK-MeMpucTopbl 0Kazanuch NOAXOAALLMMM Ha pofb CUHan-
COB B CYMTbIBAIOLLEM Croe 61arofapa YHUKanbHOMY COYETaHMI0 BLICOKOW CKOPOCTM NMEPEKIOYEHNS, BbICOKOW CTabUNBbHOCTH,
HW3KOro 3HepronoTpebneHnsa 1 BO3MOMKHOCTM peanu3aumm B Kpocchap-apxuTeKType. 3aTeM B XoAe MOAENMpoBaHUA bbino
NpoBeAeHO CpaBHEHWEe CTaHAAPTHOMO M CMavKoBOro cuMTbiBaloLero cnos. MokasaHo, yto CHC-cunTbiBalowmii cnovi 6onee
aflanTMBEH W YCTOMYMB K LLYMY B 3afja4ax KnaccuuKaLumm n3o6parkeHuid, a TakKe K MEMPUCTUBHOM BapuaTMBHOCTY [5].
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ABSTRACT

In recent years, several scientific teams have been focusing on the hardware implementation of artificial neural networks
to match their biological counterparts in computational efficiency. Memristors could potentially serve as synapses in
these networks [1]. While various memristive structures and materials have already undergone testing in different
neural network architectures, currently no memristor is deemed ideal for hardware synapse implementation [1]. One
of the major obstacles that is encountered in the training of neural networks on memristive devices is the inherent
stochasticity that characterizes these devices [1]. There have been several proposed approaches to deal with this issue,
including the use of a reservoir computing system (RCS) [2], spiking neural networks (SNN) [3], and defect engineering
to improve memristive characteristics. In this project, we aim to merge RCS and SNN to produce a biologically-inspired
neuromorphic system using two variations of organic memristors featuring specifically engineered structures and
advanced properties.

The RCS comprises the reservoir and readout components [2]. The reservoir layer extracts significant features from
the input data using its internal nonlinear dynamics. The readout layer leverages these features to classify the input data
using a conventional fully connected neural network in the RCS. Only the readout layer undergoes the training process,
as the reservoir is not trainable. This decrease in number of trainable parameters significantly minimizes the effect
of memristive stochasticity on the training process.

The use of various memristor types for RCS is vital. The reservoir layer ought to comprise memristors with short-term
memory, specifically, volatile memristors, to process each input sample independently. The implementation of polyaniline-
based volatile memristors was chosen for this layer, operating within a biologically plausible time frame, reflecting our aim
of mimicking biological systems [4]. Instead, the reservoir layer should be made up of memristors with long-term memory,
specifically non-volatile memristors, as the readout layer needs to maintain the trained synaptic weights. Therefore, non-
volatile parylene memristors with Mo03 nanoparticles were selected for the readout layer.

The reservoir computing system incorporates fundamental brain function principles, recognizing the importance of both short
and long-term memory in biological systems. Despite this, conventional neural networks consistently serve as a readout
layer in RCSs [2]. Global weight updates in their training make them vulnerable to memristive stochasticity, while SNNs
allow for local training by means of bio-inspired learning rules, which makes them more effective and robust [3]. Therefore,
a fully organic RCS with an SNN readout layer is assumed to be a promising hardware memristive architecture.

The work comprises two parts: hardware and software. Initially, polyaniline- and parylene-based memristive devices
were manufactured and assessed. The hardware polyaniline reservoir displayed the capability of extracting characteristic
features from input data. The nanocomposite parylene memristors were appropriate for the role of synapses in the readout
layer because of their unique combination of high switching speed, high stability, low power consumption, and possibility
of crossbar implementation. Next, we compared the traditional and spiking readout layers through simulation, and found
that the SNN readout layer is more adaptive and can sustain noise in image classification tasks as well as memristive
stochasticity [5].
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To cite this article:
Matsukatova AN, Prudnikov NV, Kulagin VA, Trofimov AD, Emelyanov AV. A reservoir computing system with volatile and non-volatile organic memristors as
a promising hardware architecture. Genes & cells. 2023;18(4):814-817. DOI: https://doi.org/10.17816/gc623423

Received: 04.05.2023 Accepted: 26.11.2023 Published online: 20.01.2024
&
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623423
https://doi.org/10.17816/gc623423

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells

ADDITIONAL INFORMATION

Authors’ contribution. All authors made a substantial contribution to the conception of the work, acquisition, analysis,
interpretation of data for the work, drafting and revising the work, final approval of the version to be published and agree to be
accountable for all aspects of the work.

Funding sources. This work was supported by the RFBR (project No. 20-57-7801). AN. Matsukatova is a scholar of the
Foundation for the Advancement of Theoretical Physics and Mathematics “BASIS™ (No. 19-2-6-57-1). Measurements were
carried out with the equipment of the Resource Centers (NRC “Kurchatov Institute”).

Competing interests. The authors declare that they have no competing interests.

REFERENCES

1. Zhang Y, Wang Z, Zhu J, et al. Brain-inspired computing with memristors: challenges in devices, circuits, and systems. Appl Phys Rev.
2020;7(1):011308. doi: 10.1063/1.5124027

2. Milano G, Pedretti G, Montano K, et al. In materia reservoir computing with a fully memristive architecture based on self-organizing
nanowire networks. Nat Mater. 2022;21(2):195-202. doi: 10.1038/s41563-021-01099-9

3. Querlioz D, Bichler O, Dollfus P, et al. Immunity to device variations in a spiking neural network with memristive nanodevices. IEEE
Transactions on Nanotechnology. 2013;12(3):288-295. doi: 10.1109/TNAN0.2013.2250995

4. Masaev DN, Suleimanova AA, Prudnikov NV, et al. Memristive circuit-based model of central pattern generator to reproduce spinal
neuronal activity in walking pattern. Front Neurosci. 2023;17:1124950. doi: 10.3389/fnins.2023.1124950

5. Matsukatova AN, Prudnikov NV, Kulagin VA, et al. Combination of organic-based reservoir computing and spiking neuromorphic systems
for a robust and efficient pattern classification. Advanced Intelligent Systems. 2023;5(6):2200407. doi: 10.1002/aisy.202200407

AUTHORS’ CONTACT INFO

* AN. Matsukatova; address: 1 Akademika Kurchatova square, 123182 Moscow, Russian Federation; e-mail: an.matcukatova@physics.msu.ru

/‘
ECOeVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

817


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1063/1.5124027
https://doi.org/10.1038/s41563-021-01099-9
https://doi.org/10.1109/TNANO.2013.2250995
https://doi.org/10.3389/fnins.2023.1124950
https://doi.org/10.1002/aisy.202200407
mailto:an.matcukatova@physics.msu.ru

