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AHMFFETIE, Fig. 112779 ReRAM Computation-in-Memory (CiM) % N7z A X2 hR_R—ZA BV
a e (BEVS)[1]OT — & BT/ N T 7 — it 23 @ W B A dA A LSTM (ConvLSTM)
EIRET D[2]. EVS 1L, HEROBBHE TR TEL AT I v 7 Loy - @O AERE - 12
B EWVIRHENHDH. —F5T, EVS IIFBEHDONEEIT G LA Ry b T — 2 ZIEFHT
AT 5720, EROEGNEE L (TR DB ME L 70D AR TIE, IRk & 22 f# aE ik
DOMIFTIZEB W THEFHZTT 9 Recurrent Neural Network O—2>T#H % ConvLSTM (2% H L7-.
ConvLSTM 34 XY b7 — X O L WD AEREE 22 A3 572, ReRAM ZFIH L
ARV T LA ZHMAT L CM ZEMT 252 & 2488 L7Z[3].

ConvLSTM DHEAZRILT HEy MMIAEET 22T, A1t Parta—T 4 7HO
/IR 7: ConvLSTM CiM O EBIMEA It L7z, CIM DD ReRAM (a2 7 7 2 L ZDE 5

SEOFFMAMEIC LY By FREPEL D720, EADOE Y ML BER 23 0.1% & FFA TS
5 £ 012y MEEORE(LZ R LIz, € OfER, Table 1IZRT & 5 1225 T % ConvLSTM CiM
IHERD ConvLSTM IZHf LT, AFY F3A 2O % 91%HIIRTE 5 Z &N ninoT.
BIRE  AWFZEIX, JST, CREST (JPMJCR20C3)DXiEAEZ =D T .
2 3CHR [1] C. Brandli et al., JSSC, vol. 49, no. 10, pp. 2333-2341, 2014. [2] T. Kobayashi et al., SSDM,
pp. 436-437,2022. [3] N. Verma et al., SSC Magazine, vol. 11, no. 3, pp. 43-55, 2019.

Constant C, G ® ¢, Table 1. Summary of the acceptable bit precision of each
CEmfe] 3 ‘—é L layer in the proposed ConvLSTM at BER=1%. A 1% drop
arons o || o [tanh[ o () oupe  rom the inference accuracy based on the original (32-bit)
Current ol H, weights is used as the acceptance criterion.
inpul x‘ = wxf wn', Wxg qu Proposed CiM 1 Proposed CiM 2 Conventional CiM
Recurrent H Bit BER Bit BER Bit BER
£—1 - th WM Whg W?w precision precision precision
input e - FC Layer 2bit 1% 2bit 1% 2bit 1%
,—_I‘ R'%\ Input gate, i, 2bit 10%
{ ReRAM CiM N
/ % Current | Forgetgate, f, 2bit 10% 3 .
:" M 1" %" i input | output gate, o, |  2bit 10% 3ot 1%
:l-\ ‘h ‘h i ll o ConvLSTM Cell gate, g | 3bit 1% 32bit
\HH N | LRs RS Y, Layer mputgate, i, | 3bit 1%
Recurrent | Forgetgate, f; 3bit 1% . o
Fig.1 Configuration of the proposed ipUt | ouputgateror | 3bit % 4pbit | 0.1%
Tiny ConvLSTM with ReRAM CiM. Collgate.g, | 4bit | 0.1%
CiM is used for convolution calculation. — Acouracy ___ B
. . umber of CiM memory device cells 538K -91%
i, input gate, fi: forget gate, oy output for ConvL.STM BT

gate, gi: cell gate.
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