Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

HT-4Z. BEL 2% Bk e 428 D) 2% FRE A o AR SR B vt
XKA A#HFH IHA FE WL T4 0F
Memristor based spiking neural network accelerator architecture

Wu Chang-Chun  Zhou Pu-Jun  Wang Jun-Jie LiGuo HuShao-Gang Yu Qi LiuYang

515 &, Citation: Acta Physica Sinica, 71, 148401 (2022) DOI: 10.7498/aps.71.20220098
TEZE [T View online: https:/doi.org/10.7498/aps.71.20220098
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FRFT BRI AR I HA SCEE
Articles you may be interested in
NbO fZBHAF T B B AR IR [ 25 v 14 1

Design of NbO_ memristive neuron and its application in spiking neural networks

WIBEAEAR. 2022, 71(11): 110501 https://doi.org/10.7498/aps.71.20220141

LT REHUCR A 220 25 R 0 P BB 5T

Color image perception based on stochastic spiking neural network

WIBEAEA. 2022, 71(7): 070501  https://doi.org/10.7498/aps.71.20211982

BRI B f AT o R SE A 42 R G > BRI

Al-based memristor applied to habituation sensory nervous system

YIFIE4. 2021, 70(6): 068502  https://doi.org/10.7498/aps.70.20201961

B SRV 8 i NE U | 2 R TS he i s
Research progress of neuromorphic computation based on memcapacitors

PyFEEEAR. 2021, 70(7): 078701 https:/doi.org/10.7498/aps.70.20201632

BT BH Gt 2 25 B A BT B AR 2 SR AT S R B4 )3

Design of novel memristor—based neuromorphic circuit and its application in classical conditioning

PFEEEAR. 2019, 68(23): 238501  https:/doi.org/10.7498/aps.68.20191023



#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 148401

T EHEERITERYIERTE

17 B 52 0 B rh A 8 P L T R SR 2R
RK&E HE® ERA O FE O HAEN THF O oxE

(PR R F R TR S TR0, R 610054)
(2022 4E 1 A 13 Hk#; 2022 4£ 5 A 29 H U MEHH)

Jik wh b 22 [ 4% (spiking neural network, SNN) YE R 58 =P M4 HiTRRCR T & WiRAHE D>, H
PiARE IR, BRI T X TE & . BMRAL RO T5 0 R . 1% 50 i ik vl 225 00 £ B 4 o 3 g 3 6T D vk 2
TSPl 28 70 5% 58 Sl TR 19 BRI 3 I T T RE A BE IR R K L I T /S AR BN L I AR — At
B, A TAE AR T X404 B8 42 U . 3 3 T SRR3R 0 Dk b o 8 B 45 HE B SR 28 A B 5T . BH AR ARG 28 (vesi-
stive random access memory, RRAM) X FRIZPHAY (memristor), 1F A — gt X A7+ A H A BE FE AR b
A4k, Bl FHI 8 crossbar LML RE B 3, B & AEwE) 12 B H T 178 — 1K (processing in memory, PIM),
P2 O 4 S ARG BRI, AR IR TAESE TZBH A8 MR8, 1T T AUEAE i 5 1, 45 6 40 B AL T LIF
(leaky integrate and fire) Ml 2 JUIT B FE. 2 )5, & LIF P14 JC AR R SCBL T Ik bl 5 X 285 A {24 $ 20 T s 4
Beit. RN FE T 0.75k FZPHAR , BT 24k PRZE TR 192M ZE fih. 5 HES R WoR, 16 50 MHz i TAEHR
T, 0 A 2 E 2 =R 0 e B K e 2 R 25 %) MINIST (mixed national institute of standards and techno-

logy ) it A LA HE UM, i T35 M BE AT 3K 148.2 frames /s, HfEBRMER 5 96.4%.

KR Bkobipmgs, BASSAA A, A2 AITE, LIF Mo, S PF R

PACS: 84.35.+i, 85.40.—€, 95.75.Mn

1 5 =

AR, MERE =R, amg Tt 4
BN T Tz RN . Sl S A | B MRS vk
YL H e N 45 T AU B A 28 58 AR 4= 1 T 1
A B F AT LU A A SR L R SN T
FZRZE (ANN) ffiH T MP(McCulloch and Pitts)
P TORRY B Sl 2ok X — 2 T E S R AL R
IR LM S R AR 2T TR, (R
BRI 2 TPRRCRAR BRI R R A
TR b B T AR ) AR R R TR A
1952 4, Hodgkin F1 Huxley® 3 T~ 25 5T 41 Jifd i
LA AR BRI R AR 15 7 B2, 2 Hodgkin-
Huxley (HH) #5754, FH A5 58 AT LS firoks o s 40l
A=W 2R L AR AL RN bk o &, (HUR: R T A

* ER HRFIERS (IS 92064004) B BHAGLEL
t BIEVEE. E-mail: yliul975@uestc.edu.cn
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20220098

TER B BT UM RAE, AR S BEERE R A
F HH #5%! LIF (leaky integrate and fire) #1470
A O TR B — e R BE 05 A RE T AR TR I, AR R H e
TR R 4, i 2 0] LU 5 B B &
b, BABESRAYRE RS BET LIF flg oAl
) SNNOT AR Ry 5 = AR B2 [ 2%, AH LU TE 50 Y B
J2 R s 0 22 2 BN i B AT S 5R  AE )  ME S
AL PRI 23 {5 BB E Y SEOL TR, TRl HAT AR
X AR RE B B IR 4.

ITAESR, BE T SNN Yl 28I 253155 89 32 3]
T2 REIRINCR & . Mt amm—1
L H bRl B R A: Yl 2 M 28R BT
AR S QL B RE B & (CPU, GPU 4)
LML BITENEERRZ — (HE 5
W o BB AT 0 T R B 1 A AR S T 11011,
AT HAE LA 2 SR RCRCS, HIA

http://wulixb.iphy.ac.cn

148401-1


http://doi.org/10.7498/aps.71.20220098
mailto:yliu1975@uestc.edu.cn
mailto:yliu1975@uestc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 148401

R PER B IHE . T RBUT 4. ASIC Beit 2 se sl
LIS — N EE SR M T @A

1, ASIC Bt RAT R & I, HaH AR 02,

D FETEAR | A4 B8 U5 45 58 /0. A b T 3k TR
ASIC BT i 19 JEFH05 ASIC &%
TR MG T30 i 17 R] LS 3 o v A R R
PRS2 3 1 S 2 W e, O T A ey i
BT EACR R SE M, 87 ASIC Bt A Rl
HZFF N R T, IR — R 2IE S
ORI R R R AW N, AR AR
W51 B HLA M T B 118 52 2% B R | R
I K.

Ak, FETACBHER AR — R E AR 18 i T
HBWIFHIR TSR SR 2 B T T2 1%
. A LT A B B T B TR AR A A — 1A
KL FETFIZBH AR 1Y crossbar 2R & 2 FEHEAR, H.
SER R . AR, FEFIZBHAS crossbar 2244 2
Fili 450 19=220 m] IR AT A Z2 28 ik o, 3 3k % g
RO I GETT | SRR, DA SEBXS 22 6 5 fih i 74711
B, KR me X, TEsMnizs
TR AR ADC A i 52 BB UL It 2 B0 i R 1)
et FLAME HL P A2 2% B R HAS B 4R . 2020 4,
] B R R AAAC B AR AT AT BA 230 B4 T fdE ] N A
S EI2 T LB H I SN2 R 25 4 9] P 50 L R B
B, HAE— o BB L RRAIR T A E L B 1 5 2R
HET BT Z B PR TR, IeAh, B 5
fih 5 B E () 380, A BHL# PR B FLASE R EEAR TR,
TEURTT Rl 2 3G . 3@k 5 i FH % O 2URT LA AL
b fifp RS DR T Bt 1A T RIS B R I B o % ) A
HR 3k 5 B R 2% S 2 48 5 SR R S fil A (. IS
AT IR AR TR RIS, (FR I
TZTERCER.

FEAW TAEY, U7 TR 5T 85 51t
BRCRZ A, R ARITIET (Verilog)
Fy gt T 3 FACPH 2R 1Y crossbar B3 AE R 2 i -5
HIAUEAEAERES) . BT crossbar P, $EHL T
BT RUE ORI BB BUE A 8 B, OF
2R TT | S AR B S B S (5 S
A, AT 0.25k 1ZBH A% HoTAEY 8k 2 oAl
64M ZE Ml oA Ak, 38 S 7EAZBE 2SR5 i i i
PEAT G H B 0 R SR T A2 B2 B8 i o DA HRL 3
B R A, AZBHAS R ) b 45 5 T LA B
BT HEER . BT AUBEAERES T,

TEBR IR, MG, T BRI LR
TET HERIN R AS, I FH 4RI 7 2% (UVM)
UL 4. i GPU X 784x1024x1024% 10
FUBL Y S 2 004 T 1T 2k, IR HEH S 2 in
o F %) MNIST 848 HE A THE BRI IE S0 06, 5000
SRR AR ] DLSC B 148.2 frams/s 1
BAUHER, [FEF PR AR T 96.4%. fele, 3
TR I R TS TR HUAR A 0 £8% a0 £ 7 4 2
DR, LGS T IZBET R T [RI AR X 45 114 i s S
FHEXFEERAEAT T 57

2 o A W 25 AR % B A A28
2.1 BkiPHHEZERZE LIF =B 8 48

LIF i 22 T A% Y 2 52 PR Rk v ol 28 I 245 1) — A~
T U HM TG MP #2rH
T LIF 2 O AT L i 5 /D 4 JROR SR,
It BT DIRE A ML A b 200 TAEJREE. (1) =X
i LIF 2ol iy S5 A K i ¢ & -

Vip(r) =

N—-1

Vip(t—1) Z OixWi + Vi, ([Vimpl < Vin), 1)
=0

Viesets otherwise,
K, Vi A TTIRAL; O 24 ABkih; Wi
SE 1D QU AL & R AT T iE22b R ik S AT
Vi 2 55 AL ) I (L5 Vieser A2 #9128 T I L A2 8 52 31
H; N ITTAE FIBPRE B P & s
HLV T . 7E—) “time step” BT, B TT5E
BT SE MR 5, B A 1 r R A 0
Lb. M pp 2 oo my A AL A B B (E HL s (Vi) I, H:
WAk, [FIRPRAE LA R (Vieset);
VU U2 ot 7 N3 4 S U S & S ) (1) 3R VA
U H . VAR IR A7, T F —> “time step”
.

T LIF #haoo R g MU= 4% SNN 25440
K1 F7R. Z M4 — DA Z P Rz i —
A Z R, i N2 S A Bz o i i 5 SR
T, 2 PSR 2 oT . AH TR SR
ANN, % SNN [ Hh 28 70 i AR i #002 k
Mgy, B 0/1 kb e o i e e TP
AT B Bk b kR, 4898 n D time step”
FI ket Ie , AR DK G T2 SR T 2. ke

148401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 14 (2022)

148401

F i 22 A 2 oC IR B R B ey, RV
iy A\ HY K v e 81 B AT RE X IR 22 T T AR Y
Z.

2.2 LIF #ZTEMZITAiE
— A~ HL8 {) LIF i 28 ST 5D 14 B 1 25 14 4
B 2(a) s, HEBESIT B A L B o 2
hn B R Bse B bk v il i Ak 5 0 AR
*Hia?%’éﬂ/ﬁiﬂj%%u TR B SE e, M
AN 2 5 R R R L A U A bk

g b FLAERE (e S R R A E] 2(b) PR,
AWK HTF 170 kb e ek, S ARk hiE s 2
PRAEPE AR LI S AUA 1) S BAE, ERREE A
fik AL phE oo R, (RF E—4> “time
step” 45 B PRAE I BE FELAL ) 5 BT A 2 it 1 B A A
Fhm, TR R R, IF 5 A AR L, dn
SRS E (57 8 S R PR, DD R 7 3 R IR A
YETF —“time step” (IIRIARRERLAL, RIS A 0 —1
kb ez, BEHL AR N b —~ ik &% f R I F A
A, [RIBEAS A Jok i 114

ENJkRo -

Y H:H %w i
n

LZNIRU “

\ i tkabo
‘ “ % ‘ —>
! Vb'/ \"‘/ '“' N *"/ X ko
SRR H S
/ YAy, § /
\

Ntk & , \v V \

KRS

MZTT Jhica ki1

1 6T LIF AR 0 4 it ik ool 22 190 2% 45 44 &

Fig. 1. Structure diagram of fully connected spiking neural network based on LIF model.
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Fig. 2. (a) Neuron schematic diagram; (b) schematic diagram of neuron computation.
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Fig. 3. The LIF neuron model architecture based on synapse multiplexing technology and weight sharing technology.
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Fig. 4. (a) The set/reset operation of the memristor; (b) the crossbar structure based on the memristor.
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Fig. 8. Mapping diagram of network to hardware accelerator.
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4 PRERREAN

R RAE AR O RR, R Verilog X1
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il i3 SPICE fj FLAR MU FBAE AT ; ok ] UVM 5 &
EFY- 3, %1 Synopsis 247 1Y VCS2018 443
9% A, FFxF MNIST %84 % 10000 3K
PR AT .

4.1 RFEE
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i ANN /2%, Jf38 ik Dk ol 4 0 7 v, B G 4
B SNN W45 . B0 BLZRBH AR I3 A 4 50K
JER 96.5%. ZJa, FERAEZ M 3.2 15 ik AL
AR I, 70 5B = )2 N 2% i 2 fid A (B Ak
B 16 4~ 16-bit FIRUEEHE, [FBSh BA4~28 fil A B
—> 4-bit BYE G EE. 10 BH F 4 il i X2 BH
A FESN A, B AUE AR S A BB AR RS .
(L PR it PR S L S RO B 1 B I B A
il b O BRI, BUE SRS B SNN X 2%
T AR B9 BEORS B 96.4%, A1 L T RAL T, A
FETFRET 1%, HRAEEIF SRR T 29 99.997%.

4.2 RFEE

SR EIE I AR AN ]RSO 45 9 s R0 2R, 76
ARG RERIRTIE T, A TAEBIK: 4 FhA [F] R
F14) DR 24 3500 8 S R I 257 5, % MINIST £ 42
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Fig. 9. Acceleration efficiency of hardware accelerator for

different scale neuron networks.

4.3 SHMEUTIE3TEE

1PN AR TAE S AR R LT AR/
XFEE. F 1 AT RUE ), AR AR T HAl T
Y5, Ml FHAC B &8 52 BL T SO 1 5 A LIF i 28 oAt
R, JE 5 D B RELAR BEIEOT 4 (0.75k) JERL 1
KA B ZETT /. [RIRT, 7 MNIST %6 4R Y
U AR A AR R s RO HEBERS R (96.4%).

F 1 ARRTAESGHABIL TARRX L

Table 1.  Comparison of this work with other works.

GALE i e This vork
MR MP MP MP LIF
AL 161k 1k ~4.8M 192M
LU EZ T 385 128 ~6.4k 24k
TCRRESITEE 330k 1k 1.11M 0.75k
MREHEE  MNIST — MNIST  MNIST

WEWR /% 94.0—97.0 917 93.4 96.4

5 BRAEERZE

FEASR T AR, XF3ETF LIF 2 oA 5 i fik
R LS IERT T VEAN A, I3 T IZBHAR 51 B
HAMNE LSBT LIF 2o i %11, &1
Mg TT /2 il B A AR FIAUE I H AR M BUE A
R3] LI 5 0.25k AYIZRH 8876 64M 5 fil i AL
{EL. 1A, 38 e A3 8 7 2R Z B 5 4 510 i 1
HEFTHRL - FEL AR A, I3 e B e B TR AR S
FACBAZR AT, 3 T M 2IE S AT
AT LIS B2 8k M4t | 64M ZEfil YT
e, lad = AP R T Bk 2™
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SPECIAL TOPIC—Physical electronics for brain-inspired computing

Memristor based spiking neural network
accelerator architecture”

Wu Chang-Chun  Zhou Pu-Jun  Wang Jun-Jie Li Guo
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(School of Electronic Science and Engineering, University of Electronic Science and Technology of China, Chengdu 610054, China)
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Abstract

Spiking neural network (SNN) as the third-generation artificial neural network, has higher computational
efficiency, lower resource overhead and higher biological rationality. It shows greater potential applications in
audio and image processing. With the traditional method, the adder is used to add the membrane potential,
which has low efficiency, high resource overhead and low level of integration. In this work, we propose a spiking
neural network inference accelerator with higher integration and computational efficiency. Resistive random
access memory (RRAM or memristor) is an emerging storage technology, in which resistance varies with
voltage. It can be used to build a crossbar architecture to simulate matrix computing, and it has been widely
used in processing in memory (PIM), neural network computing, and other fields. In this work, we design a
weight storage matrix and peripheral circuit to simulate the leaky integrate and fire (LIF) neuron based on the
memristor array. And we propose an SNN hardware inference accelerator, which integrates 24k neurons and
192M synapses with 0.75k memristor. We deploy a three-layer fully connected network on the accelerator and
use it to execute the inference task of the MNIST dataset. The result shows that the accelerator can achieve

148.2 frames/s and 96.4% accuracy at a frequency of 50 MHz.

Keywords: spiking neural networks, resistive random access memory, processing in memory, leaky integrate

and fire model, hardware inference accelerator
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