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AHHOTALMA

B pabote npepcTaBneHbl pe3ynbTathl NPOEKTUPOBAHUA U pa3paboTKM annapaTHOM apXMTEKTYpbl UMMYALCHON HEMPOHHOM
cetvt (MHC) Ha ocHoBe LEeHAPUTHBIX BbluMCeHWA. OCHOBHOM LieNbio MHTErpaLymn akTUBHBIX CBOWCTB AEHOPUTOB B CTPYKTYPY
HerpoHoB MHC sBnsAeTcA Heob6Xxo4UMOCTb MUHUMM3ALMMU KONMYECTBA QYHKLIMOHANbHBIX BIOKOB (CMHANTUYECKUX CBA3E
W HelpoHoB), 06YCNOBNIEHHAA CYLLECTBYIOLLMMI OrpaHUYEHUAMM [OCTYNHOMO 06bEMA BCTPOEHHOM NaMATK NpU annapar-
HOW peanu3auumn HempoMopdHBIX apXUTEKTYP.

B KauectBe TectoBoi 3agaun ana MHC Ha ocHoBe AeHAPUTHBIX BbIYMCIEHUI bbina BbibpaHa 3afava Knaccugmkaumm nso-
bparkeHu BocbMu cumBonoB (umdp oT 1 oo 8), npeacTaBnAEMbIX KaK MUKCeNbHble 0OHOOUTHbIE M306paXkeHNs ¢ paspe-
WweHnem 3x7.

YUYET aKTMBHbIX CBOMCTB [EHAPUTOB OCYLLECTBMIANCA [AOMOJHEHMEM MOAENM WMMYNbCHOrO HEMpOHa CeTW MeXaHu3-
MOM HacTPOMKU 33a[epPrK1 NOCTYMNIEHWA CUrHana Ha OTAEeNbHble BXObI, TaK Ha3biBaEMbIM MEXaHWU3MOM MIACTUYHOCTU
no 3agepke [1]. C aToi uenblo bbina paspabotaHa Mogens NHC ¢ gononHUTENbHBIMKM K OCHOBHBIM BXO[aMU 3alepPHKM
(nanee — VIHC c akTvBHbIMKM feHapuTamm). Curian Ha ocHoBHBbIX Bxogax MHC my6nvpoBanca Yepes HacTpavBaeMbIi npo-
MEXKYTOK BpeMeHu (BpeMA 3afeprKki) Ha BXOAax 3afepHku. [Ina npocToThl peanv3aumumn BpeMaA 3afepHKKu yCTaHaBMBa-
7I0Cb OAMHAKOBbLIM [171A BCEX JOMONHUTENbHbIX BXO4OB CETU.

BxopaHo# curHan nogasanca Ha Bxogbl MHC noctpouHo. MHpopMauma o TpEX NUKCENAX Kaxaon CTPOKM (MaTTepH) nocTyna-
/13 Ha LLEeCTb OCHOBHbIX BXOJ0B HEMPOCETM: TpU NPAMBIX U TPU MHBEPCHbIX, MPU 3TOM «BKIIIOYEHHBIA» MUKCENb KOAUPOBAN-
CA OHWUM MMMYNbCOM, NOCTYNaLMM Ha NPAMOW BXOA, @ «BbIKIIOYEHHBIA» MMUKCENb — WMMMYNIbCOM Ha COOTBETCTBYIOLLMMA
MHBEPCHbIV BXoA. BpeMa ckaHMpoBaHUA cTpokmM cocTaenano 10 MKC, AAUTENBbHOCTb BXOAHBIX MMNYNbCOB — 1 MKC, BpeMA
3a[leprKM — 5 MKC.

MonCcK onTUMarnbHbIX 3HAa4YeHWI napameTpoB HevipoHos MHC ocyluecTBAAM ¢ NOMOLLbIO CTOXaCTUYECKOro anroputMa, oc-
HOBaHHOIO Ha anropuTMe MMUTaLMKM OTUra. [INA HEMPOHOB TMNA «MHTErPaToOp C YTEYKOM» ONTUMM3MPOBANK 3HAYEHUA
MOCTOAHHOM BpeMeHM yTeuku (22,8 MKc), nopora cpabatbiBaHus HermpoHa (1150 y.e.) u BpemeHn pedparTepHocTy (1 MKC).
[na obyyeHmna MHC ¢ akTMBHBIMM oeHApUTaMK MCMOMb30BaM NpaBMIIo TeMNoTpoHa [2]. B npouecce 06y4eHna onTMMU3N-
pOBaMCh 3HAYEHUA CrefyloLmMX NapaMeTpoB: MaKCMMabHOE 3Ha4YeHWe U3MEHEHWA Beca CMHANTMYECKOM CBA3M Npu 06-
YYEHUM, pasnnyHoe 4n1A eé yrpenneHua u ocnabnenuns (0,7 n —3 y.e. COOTBETCTBEHHO), @ TaKHKe MaKCUMalbHbIA BEC HEN-
poHa cetu (195 y.e.).

BBeneHve gononHUTENbHBIX BXOJOB 3afepKKU 06ecneyunno BO3MOXKHOCTb HaCTPOMKU BOCPUMMUMBOCTH HelipoHoB MHC
K nocnefjoBaTeNlbHOCTU MOCTYNNIEHNA BXOAHbIX NATTEPHOB B NpoLecce 0by4eHus.

MpencTaBneHHyio B pabote apxutektypy NHC Ha ocHoBe AeHAPUTHBIX BbIMUCIEHUI CPaBHWMBANMW C pa3paboTaHHOW HaMu
paHee apxuTeKTypoit aByxcnonHon MHC co CKpbITbIM NepLENnTPOHHBLIM CNI0EM U BbIXOOHBIM CITIOEM HEMPOHOB TWMA «MUHTE-
rpaTop ¢ yTeukom» [3].

lMoKa3aHo, YTO MPY OAMHAKOBLIX KOHCTPYKLIMM WMMMYNbCHBIX HEMPOHOB, METOfe KOAMPOBaHUA BXOAHBIX M300parKeHUi
¥ cnocobe opraHM3aLmy UMNYNbCHOro oA B 0benx paspaboTaHHbix apxuTekTypax AycnoiHas MHC co ckpbiTbiM nepuen-
TPOHHBIM C/I0EM 1 BbIXOAHBIM CNIOEM HEMPOHOB TUMA «MHTEMPATOP C YTEYKOM» BbIMOJHANA KNaccMbuKaLmio M3o6parkeHnin
TPEX c1MBOJIOB (C pa3spelueHneM 3x5), ucnonbsys 10 HepoHOB M 63 cMHANTUYECKUX Beca, B To BpeMA Kak MHC ¢ aktuB-
HbIMW AeHOpUTaMM OCYLLECTBIANA KNaccMMKaLmio BOCbMU CUMBOJIOB (C paspeLueHneM 3x7) ¢ UCMOMb30BaHUEM YETbIPEX
UMMYNbCHbIX HEMPOHOB M 48 CMHANTUYeCcKUX BECOB.

TakuM 06pa3oM, MHTErpaLmMA aKTUBHLIX CBOMCTB AeHOpWUTOB B cTpYKTypy MHC ans pacno3HaBaHWA 1306pareHuii No3Bo-
JIMNa COKPaTUTb KONMYECTBO YHKLIMOHANBHBIX B10KOB HeMpoHOB Ha 60%, cuHancoB — Ha 24%.
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AOMNOJIHUTEJSIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI NOATBEPHAAIT COOTBETCTBME CBOETO aBTOPCTBA MeXAYHapoaHbIM Kputepuam ICMJE (Bce aBTo-
Pbl BHEC/IN CYLLECTBEHHBIN BKNAL B pa3paboTKy KOHLeNLmK, NpoBefeHyie UccnefoBaHUA v MOAr0TOBKY CTaTbyt, MPOYnM 1 0[o6-
pUIN GrHaNbHyI0 BEpCVIio nepeq NybnnKauyen).

WUcTouHuk duHaHcupoBanma. Pabota BbinonHeHa npy duHaHCOBOM NoaaepHKe MUHMCTEPCTBA HayKM 1 BbICLLIEr0 06pa3oBa-
HnA Poccuitckon Oepepaumn (rocyaapcTBeHHoe 3afaHue B 0bnacTv HayuHom geAtensHocty FSEE-2020-0013).

KoHnukT uHTepecoB. ABTOPbI AeKNapuUpyIoT OTCYTCTBME ABHbIX U MOTEHLMATbHBIX KOHPSIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLWeln HaCTOALLe CTaTbu.

CMUCOK JIUTEPATYPbI

1. Acharya J., Basu A, Legenstein R., et al. Dendritic computing: branching deeper into machine learning // Neuroscience. 2022. Vol. 489.
P. 275-289. doi: 10.1016/j.neuroscience.2021.10.001

2. Gitig R, Sompolinsky H. The tempotron: a neuron that learns spike timing-based decisions // Nat Neurosci. 2006. Vol. 9, N 3. P. 420-428.
doi: 10.1038/nn1643

3. PoinanH EA, MaspuH WA, Angpeesa H.B., JlyumuuH B.B. HepoMopdHbIN 31EKTPOHHBIN MOayMb, OPUEHTUPOBAHHBIA Ha WMCMOSb-
30BaHKe MeMpuctopHoit IKB, anA pacno3HaBaHuA n3obparkeHuin // HaHo- 1 MuKpocucTeMHan TexHuKa. 2022. T. 24, N 6. C. 293-303.
doi: 10.17587/nmst.24.293-303

KOHTAKTHAA UHOOPMALIUA

* 11.A. MaBpuH; appec: Poccuiickan Oenepauws, 197022, CaHkt-Metepbypr, yn. Mpodeccopa Monosa, A. 5, nutepa O;
e-mail: iamavrin@etu.ru

V'a
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

822


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623425
https://doi.org/10.1016/j.neuroscience.2021.10.001
https://doi.org/10.1038/nn1643
https://doi.org/10.17587/nmst.24.293-303
mailto:iamavrin@etu.ru

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells 623

DOI: https://doi.org/10.17816/9c623425

Design of spiking neural network architecture
based on dendritic computation principles

l.A. Mavrin*, E.A. Ryndin, N.V. Andreeva, V.V. Luchinin

Saint Petersburg Electrotechnical University “LETI", Saint Petersburg, Russian Federation

ABSTRACT

The paper presents the hardware architecture design of a spiking neural network (SNN) based on dendritic computation principles.
The integration of active dendritic properties into the neuronal structure of SNN aims to minimize the number of functional blocks
required for hardware implementation, including synaptic connections and neurons. The available memory on the neuromorphic
architecture imposes limitations on implementation, hence the need to reduce the number of functional blocks.

As a test task for the SNN based on dendritic computations, we selected the image classification of eight symbols, consisting
of digits one through eight. These symbols are depicted as 3x7 pixel, 1-bit images.

Active dendritic properties were analyzed using the “delay plasticity” [1] principle, which introduces the mechanism
of adjusting input signal delays in spiking neuron inputs. We designed an SNN model with complementary delay inputs,
referred to as the active dendrite SNN, as a principle implementation. Input spikes arriving at the primary inputs are
duplicated to the delay inputs after a modifiable time delay. For convenience, each delay input was set at a single value.
The input images were scanned sequentially. The neural network received three direct and three inverse inputs from the six
main inputs that were coded with spikes corresponding to three pixels of a string. An “on” pixel was coded with a spike
arriving at a direct input, while an “off” pixel was coded with a spike arriving at the corresponding inverse input. The line
scanning time was 10 ps, input width was 1 ps, and delay time was 5 .

The optimization of spiking neuron parameters was performed through a stochastic search algorithm based on simulated
annealing. The parameters optimized for the Leaky-Integrate-and-Fire (LIF) neurons included the leakage time constant
(22.8 ps), firing threshold (1150 arbitrary units), and refractory period (1 ps).

The active dendrite SNN training employed the tempotron learning rule [2]. The training optimized the following parameters:
the maximum change in synaptic weight on potentiation and depression (0.7 and —3 arbitrary units, respectively) and
the synaptic weight’s upper bound (195 arbitrary units).

Complementary delayed inputs facilitated the learning of the order in which input patterns arrived for SNN neurons during
training.

The paper compares an SNN architecture based on dendritic computations to our previously designed two-layer SNN with
a hidden perceptron layer and an output layer consisting of LIF neurons [3].

Using the same LIF neuron design, input image coding, and LIF neuron layer structure as in the proposed architecture, our
two-layer SNN with a hidden perceptron layer and output layer of LIF neurons successfully recognized 3x5 images of three
symbols with only 10 neurons and 63 synapses. Alternatively, the active dendrite SNN was able to recognize 3x7 images
of eight symbols with four neurons and 48 synaptic weights.

In conclusion, incorporating active dendrite properties into the SNN architecture for image recognition resulted in optimized
functional block usage, lowering the number of neurons and synapses used by 60 and 24%, respectively.

Keywords: SNN; dendritic computation; delay plasticity; tempotron.
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