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Convolutional Neural Network accelerator based on computing in memory
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Abstract: The implementation scheme of Convolutional Neural Network(CNN) based on Von
Neumann architecture is difficult to meet the requirements of high performance and low power
consumption. Therefore, a CNN accelerator based on storage—computing integrated architecture is
designed. By using the circuit structure of Resistive Random Access Memory(RRAM) to realize the
storage—computing integrated architecture, and using efficient data input pipeline and CNN processing
unit to process large—-scale image data, high—performance digital image recognition is realized. The
simulation results show that the CNN accelerator has faster computing capability and its clock frequency
can reach 100 MHz; in addition, the area of the structure is 300 742 um?® which is 56.6% of that of the
conventional design method. The acceleration module designed in this paper greatly improves the speed
and decreases the energy consumption of CNN accelerator. It shows guiding significance for the design of
high performance neural network accelerator.

Keywords: computing in memory; Convolutional Neural Network(CNN); accelerator; input

pipeline; processing unit

IEE R B RTE R 20 20 60 4EAN, S ZERYAHSCHE Y R HI S B BR it . RGN 0 AL AF 2 T
I, AR, BEE N TR BERXGE, AR K7 BRENIM O ST, @& T SRR s B
WA B RER RSN R

iy - SRR T, B S LB ERE By, A As S Ak PR AR 2 A) e A SR IR AT R AR e
T Ab B FOAE A &8 B9 N TR S 0 . T 2B REATR], PR REAFTEAR K25 ) o A7 4 14 Vg 1) 3 32 e s BR AN |
rh e b B A AL B BE R RO AL BRAS Z IR R CAEAEER T, U ER LY TS R A PERER T, Ah, Bl TEAF
fitt x5 A0 FRAS 2 0] AU BT RS A Ok T R DORR IR R, BROy CIOAEEET . W T CfEMEERT O CTHARNET MUAATE,
i EHEE: 2023-09-02; f&EHEI: 2023-10-20
*BIE1ER: IMIF  email:71573841@qq.com




%21 EE: ET “FE” HERMEMEMiE=S 171

- VAR S SRR AR EE ] T R B A R N TR RE N S SR, AR R

AR

AL BE A fifk DR X — XA

SRR B R A7 A S S RS AE Rl — S R b, BRORR W T R AR, il TN T R

Gk, ARSCRRRAM SEBL T “fFR—1K” 284, TR TR SRR R “FEAi s M “IAEEE . eAh, ASCR

JH e A0 00 B i A\
Bifh, 928 1w R RE B9 FRR R

1 HRMEMEKILIT
1.1 ZRHEEMEEREFEIE

e KRR b A A RS 1 A ARBTG5 R AR B o

FLIG, KON Ak G

B PR 22 W 46 % — P32 T RGN T 5 TR S5 U B T8 B2 2 A B TRl e AL A R 58 R GE R T AR T 5
A R IR S8 B R R R IE T BB G 2 AR, A2 A R 1 ) RE R R R

D) BRUZ . & BUZ H G B AR X i A s E 47 39 3607 2L MR AR ], X

JR R R AE o
2) BOIEZ . OIS E T B RUZ A0S R T AR v AR e,
1 Tanh £,

3) WAL )Z : WALJE T/ AR P B 2 TR 4R, BRI R R

45 B KM A A 2l AL

S RS WD e o A -l

SIAAEL R ER o F WA S R3S ReLU . Sigmoid

o IR R RRAL 5 MR R R LA b AL B AR

4) LR AR NG AT A5 R A AT AR, a2 o B R 22 HEAT 23 S s et

B2, BHMEMEES SR B WM et EERNAE, b

%Mﬁ%ﬁﬁ¢ﬁ@%7ﬁﬁﬂﬂ%

ZEVRFIE R o K LEARIE RN TE RIS . HARKEIN | 385 RN S AT 55 v 4 E B U

12 ERME M EEEIERF

A ORI 5 S MNIST 5 807 8l 48, 24 70 000
TKEME, Hrh 24 60 000 5K, MK 10 0005K . BTG
PGB Sk 28%28 114 WK BE IS, B4~ B al s R 0 21 1 3
FEL P A 8 (V7 i B, HH 8 or kil A7 -

K A B 2 W 2 R AT T 5 iR ], RS
Ban 1 s

%% 1 ' network 51| 2 B 1% CNN R 45 55 — 2 &L 2
— Rk, BB B R SRR
ARICBIH, BRIZMEEEZH AR R SR %
B, b Ak 2 i S A CSE H BA B (First In First Out, FIFO)SE
M. BT RRAM 1 5 )2 45 FLUMR 28 ) 2% Al {4 5 8t 4 (& 1
FER o

B

AT B AR TE A A BT N I AT Bk
A, KON L B0 B4 e e A i A AR RS R A A AL 5
Wiz, MERBEMY. hTEHREZERER
WE A B M Aot NIk A5 — R
WA TR U

NP 2 i, A5 B 4 T 4% A R 1) AL i W B S Oy A7

i P 50 4 P S (L, T A 5000 DU A A el s I A I e A R 9 N, SRS LABE AL O S £

Fe ik el mFLﬁ%miﬁim%ﬁﬁEmm
HAE RRAM 2512548, T 45 31 45 Bliz 5 25 2R

#1 CNNZ5HZ4L
Tablel Structural parameters of CNN

network input kernel Num kernel_size output
Convl 28x28 3 5x5 3x24x24
pooll 3x24x24 - 2x2 3x12x12
Conv2 3x12x12 2 5%5 2x8x8
pool2 2x8x8 - 2x2 2x4x4

fully connected 2x4x4 - 1x10

J-ﬁ_-

/ conversion module

driver and tch
module of MOSFET

memrlstor Cross array

drlver and sw1tch
module of MOSFET A

Fig.1 Intelligent computing hardware platform of five-layer

convolution neural network based on RRAM

1 JET RRAM A T2 RPN 28 2 3 B SR -

iy A\ FEL S MIAS R 5 Y

G
stJ = [11 I, 13] (D
G



172 ABEH PSR TFERSRE 52 %

FCEE e S5 O v S, A R D R i e, R v 3 U,
g R R AR H . RA T ié

2) [Pt on AR S S5, R e PR AE U

3) LK D fi % 58 5 0 A L Z _*Hk
G

3 MR TIE

, m—p
P Al £ 1L B 28 500 52 R K 26 i MR T L b, X T w |
BOH A, R S X (ORI M S 7 B A G, G .

SRAM X — i f BEAT AL AL L3t X TRk &L Beit, RHIFAT l
]l

|

1) Wl A b B R s, AT AR DIRE 5 G
(l

G

2

At
DS

Fe B AT | AZ B 2 B 51 FAS 6 K 0 R A 1= 9 3 K AR

LRy Fig.2 Schematic diagram of RRAM
3.0 BRBERNEE P2 RRAM 7651 R

T S R N T T S R e M R AR T R
it SRR, TR S R B 5 T 1R 2 K >
ANFTE B AN, % e L I, AT 7 TR ik Rdata [310] register  ———p
7 55 5T I AN T 1 3 SRAM o I

i A A B AL AE BOAE % Ay (Static Random-—
Access Memory, SRAM)SCHE i, A fff 1% K Bl 75 12 AL Rlaa 0] S
5 00 [ JETT SRAM T4, HF T — 17 [ (9 408 77 31 e [y ipetine
SRAM P, WAL 3 FT % . 30l Jr ik Al i o ik 42 A L0 .
PR . R USRS T ONN W46 5 AKCHE 28, 3635 29 T Ktk O 770 W U6

3.2 CNNTEH AT T

TEERZMEEEZ D, R R 28 50K L gs &m0 Ui R 2.

WITEL 4 7R, A AL A5 A7 i K B0 e 4 A3 AT 09 8 L BN, MRUGE A RRAM . 7EBBUR Y, 45 0 77 B 5%5 119
BF , RRAM [A] B BEAT 25 A7 e i 804, JFAR YA 1y 8 NI P (i afe SN Z 2R . kA e & it i 45 31, R IR AL
TN s AL BE g 85 B i 1 200l R AT B 2 A 44

ik — PP R AR, B R TR K A K o BNTERE AT IR R s S A R, R] B 6 N i A% 2R AT
FoOLAMNARAE . X B K LRGSR & T L BR A ik, IR 3205 T R S8 A VF I I B

TEMALJZE R - Enm Al 19 77 X WAL RS LI S o b AL R A e ZEA W RO AT A AL B, RO A R, U
W — AT B 22 A7 B FIFO PRSI s W2 255077, WA FIFO Hh e HCZR A7 (M A B T 58l DR AE AT I A7 B0 R 473
B MBS EE OB Z S B ERAE, BIBRLL 4, SCEEEAL . O B AR B, RS R
G RACR

NN-

d
data [7:0] parallel q~datal] L d
— > . IEEE——N . out
to serial pooling  —p
Rdata
FIFO 1
RRAM
Sum=Sum+4 <<i shift 4, Winc/Rine pSet/pCal
| —
adder
L’ index

Fig.4 Schematic diagram of three—stage pipeline structure Fig.5 Structure of pooling module
K4 =K EG R R El5 sk iy

4 CNNBHRBESH
4.1 RIBEATHEBES
ST 1~ #HTEGIR, iEEEmBaRmE e ia, DT “27 i, RiIEEenT ., By “2”



%21 FEES: &T "FEK NSRS ENER 173

) Result2 5 o B, A3 25 oF 2 AR 28 ol 26 145 15 51 o

1 2 3 4 5 6 7 8 9
M S R R (27, SR ABMRER —3, Ui o N7 1ol 2 121315111212 4
CNNLE T TS Iy e IE# < esultl | -8 | 1| 3 | -0 [-4|-23|-6|-10]-13|-4
4.2 Kb EA ST RS AR esult2 |0 |0 10|23 30|46 |2
R H B AR A, ARSI AT il L Ul A L T
O S PV K 28 5 S A A it . 7 0 4T ik i N A R S e
S BT BT B BT I6F L SR FH AR ) T 22 J 24 o A A a0 7 e R HE N NR-SEY N A HE
wjﬁ g\L—. Iﬂj‘jﬁ B’J E iﬁé% N result 6 1 0 -2 -3 =, 6 7 -20 -22 -6
Y “Zh = o
%‘% 7 ﬂ\jﬁﬁﬂjﬁﬁ(tlme l)ﬁﬂﬁtﬂﬁ}ﬁ(tlme 2) H"J HTJ‘JJ?%% result 7 =3(-11[=12 |-12 | -1 -6 -71 14 6 0
B TR, RO S M A K H A5 g Tl N A L T N L B S
ST 3l S 81 e = B sl N = Y (O el JOJO OO B3]
GrbERe sz PR . 7E 0 R B P ISR BT B R (slack K F Fig.6 Calculation results of fully connection layer
0), W FLBIH ik (I 5 E I Oy 20 s, dRe AR 6 RMEEZTRAR
S50 MHz., Ak it e, ) B i A 1 A K 2 ALRTE RF S5
LT B E WA T B E i E R e, R S e g Table2 Time series parameters before and after optimization
K% —l% i 100 MHz parameter time 1/ns time 2/ns
clock CK (rise edge) 20.00 10.00
43 AMIRETTHEHIARSHT clock network delay (ideal) 20.00 10.00
EDFFTRXL 20.00 10.00
L 2 000 B 2 AT 4 2 00 I U 22 ey setupte 0 iy
HTE KUK % ARG L 22 3 kDB AL T (area 1) FIIE AL S dta redulred ime R o
(area 2):th 3% B LT A R R AR 240 slack 2.63 1.32

X R, AR AR B R AT A A T
WNMEREROTR AL, IR CAER AT R R
TIHE oL AR . Bt ls, 2R IT B

3 MALRTE &R 2R T

Table3 Number of chip logic units before and after optimization

i) fﬂ é/{] ﬂ‘j 300 742 umz s 'fz jj 1'j[‘: /ﬂ: ﬁfj g E]'\] 56.6% ., It number ofp:;:nr;liert:;ional cells areGa 91;2111 are;l lzézm
b, FEAR TR R B R, O A (0 H T 0 A s i pumbet of seduentil el o o
WG AW R SERE S8, M FEAL T 30 total cell area 448 155 235825
BIWFE., My, AR WA SHEEA BRI total area B 300742

Fe, AU IR —E 2B B T s A R D #E .
i bk, PEAbm B 2 U 22 0 465 i J g A OR 155 D) BE IE R B9 [RI I, S BE 1 BT Ry B E R B /DN £ B v AR
RO AL 5 i BT RE 8 LU P R | BRI AR 5 il H R AT 55 -

5 #ig

ASCHET RRAM “AE5E— (K7 SRk, 3 2 5R 1) i A0 ) B0 i A8 T8 S BV AL B A TT, SCl T e PR RE O B0
BN . ARSI EOE , O s AR R P T T — A%, LR e A LA BT A 56.6% , R WIA LT SR
TR R SRR A A ARl 2 1 2% o 2 A BE A DIAE TR AT 8 0 s [ I e 3R WA SCRY I S R X T
oy P i 28 9 2% o 2% B B H R A 1R S R UM S H A

SE Xk
D1 3K BT 5 B8 5 A B0 — P AT T A7 5 3 50 3 " B P "IN, o [ el 742, 2021-12-10(007). (ZHANG Yidi. Ali

Dharma Institute's integrated Al chip breaks the "barrier" between storage and calculation[N]. China Electronic News, 2021-
12-10.)

[2] ZEHEBOROR INELAE . SR TACBILAR AP R — R BRI T HE R[], T o T 5 B 2, 2019,1(4):87-102. (LI Kun,CAO
Rongrong, SUN Yi,et al. Research progress on the fused technology of sensing, storage and computing based on memristor[J].
Micro/Nano Electronics and Intelligent Manufacturing, 2019,1(4):87-102.) doi:10.19816/j.cnki.10-1594/tn.000033.

[3] ZMEHRWE . A8 — IR0 & IR Pk 6 5 0 58 8 B [0]. B W 48 5%, 2020(4): 15-17. (LI Yaqi, WEN Xiaojun.
Development status,challenges and countermeasures of deposit and calculation integration[J]. Digital Economy, 2020(4):15-17.)

[4] mEOG. 3T RRAM A7 B —GE B A0 B A R 4701 B8 F [D]. P8 28 79 %l 7 BH4E K 2%, 2022, (GAO Yuguang.



174 AR EEBRFERER H23 %5

Peripheral circuit and parallel computing design of memory and computing integrated chip based on RRAM[D]. Xi'an,China:
Xidian University, 2022.)

[5] SEBASTIAN A,LE GALLO M,KHADDAM-ALJAMEH R, et al. Memory devices and applications for in—memory computing[J].
Nature Nanotechnology, 2020,15(7):529-544. doi:10.1038/s41565-020-0655-z.

[6] HUANG Xiaohe, LIU Chunsen, JIANG Yugang,et al. In—-memory computing to break the memory wall[J]. Chinese Physics B,
2020,29(7):078504. doi:10.1088/1674—-1056/ah90e7.

[7] KA. B THEF LWL A EMGIR B SRR ], PO e s 2B, 2023,41(1):74-81. (ZHANG Songlan. A review of image
recognition based on convolutional neural network[J]. Journal of Xi'an Aeronautical University, 2023,41(1):74-81.)

[81 BRHEEYE . TensorFlow T 3% T CNN & BUMN 28 0 2% 1) T 55 B0 UM F 52 (0], 15 B0 sk AR, 2022,23(9):159-161. (CHEN
Qunxian. Research on handwritten numeral recognition based on CNN convolutional neural network under TensorFlow[J].
Information Recording Materials, 2022,23(9):159-161.) doi:10.16009/j.cnki.cn13-1295/tq.2022.09.056.

[9] /A4l FFHEFM L L0 AR 7 B WF 58 [D]. 16415223 T K %%, 2022. (LU Jinbo. Research on image detection
method based on convolutional neural network[D]. Xi'an,China:Xi'an University of Technology, 2022.)

[10] ARVIHT,ZRAS . 2T FPGA 19 45 B 28 1 26 st O A6 75 2k [0]. THRBLIG L, 2022,39(7):371-374,450. (LIN Pengyu,GUO Jie.
FPGA-based accelerated optimization method of convolutional neural network[J]. Computer Simulation, 2022,39(7):371-374,
450.) doi:10.3969/j.issn.1006-9348.2022.07.071.

[11] KRIZHEVSKY A, SUTSKEVER I, HINTON G E. ImageNet classification with deep convolutional neural networks[J].
Communications of the ACM, 2017,60(6):84-90. doi:10.1145/3065386.

[12] SIMONYAN K, ZISSERMAN A. Very deep convolutional networks for large—scale image recognition[DB/OL]. arXiv, 2014—
11-18.

[13] JE4E. LT B M0 2 R M @1%5&%%:%5}?5{[1)] A AL L B HL K2, 2022, (ZHOU Wei. Research on multi—focus
image fusion algorithm based on convolutional neural network[D]. Nanjing, China: Nanjing University of Posts and
Telecommunications, 2022.)

[14]  BEAWLXIE M . —Fop A E R — A B S5 BT )], BHARARAIH, 2022(36):91-94. (LU Chunfan,LIU Shuang,ZHOU
Zhou. Design and research of a new type of integrated storage and computing circuit[J]. Scientific and Technological Innovation,
2022(36):91-94.) d0i:10.3969/].issn.1673-1328.2022.36.024.

[15] WANG Yimin,ZOU Zhuo,ZHENG Lirong. Design framework for SRAM-based computing—in—memory edge CNN accelerators[C]//
2021 IEEE International Symposium on Circuits and Systems(ISCAS). Daegu,Korea:IEEE, 2021:1-5.

[16] TAN Fei, WANG Yiming, YANG Yiming,et al. A ReRAM-based computing—in—-memory convolutional-macro with customized
2T2R bit—cell for AloT chip IP applications[J]. IEEE Transactions on Circuits and Systems II:Express Briefs, 2020,67(9):1534-
1538. doi:10.1109/TCSI1.2020.3013336.

[17] YANG Jiancheng, CUI Aoxin, JIA Song,et al. A configurable computing—in—-memory structure based on convolutional neural
network[C]// 2021 China Semiconductor Technology International Conference(CSTIC). Shanghai,China:1EEE, 2021:1-3.

[18] LIU Bicheng,GU Shouzhen,CHEN Mingsong,et al. An efficient racetrack memory—based processing—in—memory architecture for
convolutional neural networks[C]// 2017 IEEE International Symposium on Parallel and Distributed Processing with
Applications and 2017 IEEE International Conference on Ubiquitous Computing and Communications(ISPA/IUCC). Guangzhou,
China:IEEE, 2017:383-390. doi:10.1109/ISPA/TUCC.2017.00061.

[19] XUE C X,CHEN W H,LIU J S,et al. Embedded 1 Mb ReRAM-based computing—in-memory macro with multibit input and
weight for CNN-based Al edge processors[J]. IEEE Journal of Solid-State Circuits, 2020,55(1):203-215.

[20] MOCHIDA R,KOUNO K,HAYATA Y,et al. A 4M synapses integrated analog ReRAM based 66.5 TOPS/W neural-network
processor with cell current controlled writing and flexible network architecture[C]// 2018 IEEE Symposium on VLSI
Technology. Honolulu, HLLUSA:IEEE, 2018:175-176. doi:10.1109/VLSIT.2018.8510676.

EEE N

BAEEE(1999-), v, fEiEM-LAFsEE, EEMR D R (1992-), B, #il, WA R, EEMR
ok T E — R RE S R T . email: J7 1) JE L MEMS {2888 . A 8 3300k .

291945996@qq.com.
M AT 58 (1991-), B, Mit, ByEEAES

NF(1988-), B, WL, BRSO, ERMRIT J5 6] 2 i i, MEMS & 8 . L B it .
6] R G4 . MEMS A2 8% 5 A7 4%

i, EETE

pail



