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Abstract Long short-term memory (LSTM) is mostly used in fields of speech recognition, machine
translation, etc., owing to its expertise in processing and predicting events with long intervals and
long delays in time series. However, most of existing neural network acceleration chips cannot
perform LSTM computation efficiently, as limited by the low memory bandwidth. ReRAM-based
crossbars, on the other hand, can process matrix-vector multiplication efficiently due to its
characteristic of processing in memory (PIM). However, a software tool of broad architectural
exploration and end-to-end evaluation for ReRAM-based LSTM acceleration is still missing. This
paper proposes a simulator for ReRAM-based LSTM neural network acceleration and a corresponding
training algorithm. Main features (including imperfections) of ReRAM devices and circuits are
reflected by the highly configurable tools, and the core computation of simulation can be accelerated
by general-purpose graphics processing unit (GPGPU). Moreover, the core component of simulator
has been verified by the corresponding circuit simulation of a real chip design. Within this framework,

architectural exploration and comprehensive end-to-end evaluation can be achieved.
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3000X1152X128 2.0 0.118 54.5 0.135

t2 1 From , “H0dE BLAs S T i & 1% Crossbar
KN, HF S 1 4K IR Crossbar N, J5 4 £ 7R
A~ Crossbhar BUK M S8 . 7E£ 1 WL 56 1,2 17435151
TR AR PR AR (1024 X 1 024) 1A K AR [ AR
(30003000 By M ELHE. T 241 ReRAM T.20
Fr B, H Crossbar B¢ 51 #LEL IR A FR . A 67 B i —
T4 T Crossbar R 1152 X128 f 3 5 n &
ByE. 2 1 s 2 SIS 3 5 e
B ML A BB A S AR B UE T A L AT DU
FETCMEE G DL T o 24 BR8] BT A /N BT (56 1 47 AN
B 3 A A GPU S AT IFA nT LAk 8] 16 ~17 X /A&
A7 Y LY L 7E BB AR B R B B (5 2 A7) TR
REME K 4% GPU [ JFAT 03, 1k 3] 185 X 1y Jin ik L.
2 J5 T A W A B AL AR R R DA R 7 il
GPU #4738 11 58 0 4% 50 F 5 224 [ 51 LS 45 /N iif
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(B8 1 AT AN 3 47) & e ] 38 3] 400 X A2 47, 1 24
B 270 AR A8 K BsE (55 2 A7) L An 5 B BT AT 3k 2 794 X,
i LB w1 LA o s s R+

4 EOIAREERITM

YEREBIFFE FRATSEE T An5 3 15 28 py i) —
ANELAS L IE R VA T AT ARG Y25 ik
4.1 HEPB\BHIZH

FATEI T —1 ReRAM Crossbar {ij FLHESE,
45 I T 3 F Pytorch 195 il AL I 2R 5 kL L
5503 1 BB i 22 BN H B R 5 AL O L
73R T System-C 528, ReRAM 5 4515 85k [ SCik
L1571 BIARY T/ O FIALE RS 2104 8-bit (7] LATC &) .

ERHEMTELH I AEZSHTURE.
15 HL % 2 BRI 22 0 23 280, Tk 2 FIER 3 T

Table 2 Circuit Parameters for Simulator

®2 BEUBFTEERSHY

Parameters Value

DA Reference Voltage/V 1.0

AD Reference Voltage Get after training

Crossbar Length 1152
Crossbar Width 128
Crossbar Number in Each PE 4

Table 3 Neural Network Parameters for Simulator

®3 BEUBAEHENEZSH

Parameters Value
Input Length 118848

Input Size 39
Hidden Size 128
Output Size 61

FET R 2 Rk 3 gl S50, 0BT I 0 FLRL
B E PRI E LSTM B, Linear B %, 4%
P 2% vh XA B, IF 3 0 System-C H1 A9 15 585 A
DR R I, BRI AR B E R RS . HLIZ U R T
SUR AR YR NIS ) R Y

XF ReRAM i 28 [ 4% Jin i £ 1M 7 » T80 FH RN 2 6
SEEEAE IR Z —, A I H B g 0t BEAT T
32nm R TS H &I, HIESHNE 4 iR,

Horp, 2 wh X (buffer) #H 56 5 86 B 2 50k A
CACTI" , Crossbar M 2k I T Cmk[17], H
S ECR T ISAACY (%L

Table 4 Hardware Parameters for Simulator

R4 BRUBFATEEGHSH

Module Power/mW Area/mm?
ADC(8-bit) 2 0.0012
DAC(1-bit) 0.00391 1.66016E—07

S&H 9.76563E—06 3.90625E—08
X-bar 0.3 0.000148
Shift-add 0.05 0.00006
Input-buf(2 KB) 1.24 0.0021
Output-buf(256 KB) 0.23 0.00077
RelLU 0.003 2 8.9E—06

4.2 FEZERBTM
4.2.1 A HAEAS

TATEL B LSTM ™ 4 R b 78 — A 18
TIMIT %0484 L 94718 & U 0 2% 32 80 88 4 1
IR A L 36 ik 5 Fn i i 48 K/ 73 51 2 3 696,400 Fi
192, Horp A 45 0 42 08 & ik 619, I B A
118 848 M I 12X B 4. H: b 28 I 4% g A 4E 2 R 39 (4
it MFCC it b 35 ) 1 5 B B A — it iy 1) 24
BE) i 4E B Ry 61 GER 3 2K80 . 8% — 1 LSTM
2 (BR)Z RN 128) Fl— i 4236 5 i B
RS

Table 5 Evaluation Result for Training Algorithm

®5 NGERTHER

Traini Ini TIMIT
raining nference Accuracyl %
No ReRAM crossbar No ReRAM crossbar 84.92
constraint constraint ’
8-bit weight quantize 8-bit weight quantize 84.17
and I/O constraint and 1/O constraint ’
No ReRAM crossbar With ReRAM 82.53
constraint crossbar constraint o
Customized training .
. . With ReRAM
algorithm(with ReRAM 84.05

. crossbar constraint
crossbhar constraint)

AT A D S ) e 2 O 4 U B A Ol B
2ok 30 A JE A I 2 L A IS o R B AT LGk B
84.22 %% » I X £ B TR AR Oy JiE o A5E 70 A o BE Aty I, 3R
I Zarb 5] AT #2246 8-bit 09 A T & 1k A
1/O BR L 255 o HofE i B R 84.17 %0, BI A ik
(T B T R S M AR B B AR - (R
FERSRLRL R R BT B 1 B 2R A 46 A
6. 1/O PRl \ReRAM i 3 BUAR P 2 56) , 45 R R
TR R AL B R DL K DA/AD S5 52, 8
WIVERRE R [ R 82.53 %t Jm T AT 3 vfie 45 10 7
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ReRAM 253 F i 17  (fine-tune) . 51 A T FF A
Rl PR 25 76 I 45 Wi SIS S T DL A5 1) HE 3 531) o i
84.05 Y0 » XM 5 K5 1 N 2% 38 B B B4 & E AR AR
(ARG BE —FF.

5 R AL G0 2R 7E B 2] ReRAM
F4) 4 7 8 A v BCER 1 AR T T/ O RS B B ) X 28
Do 28 (1) F2 3R 45 SR 5 AR /I (IR B T AR R e DL R
DA/AD E 295, 23 3P Re T B 1m0 3R AT 09 2 i
PN ZRBE ok DA B R R 2% i B0 2kt 22 o, AR
ZRUF LRI ] 3] ReRAM Crossbar B3+ 8E 2 |,
AT DLA ORI 28 P2 Sk i PR T .
4.2.2 Bl 005 BHER B PEAG
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SPICE 40 1) 3F Al 3 2 X R B4 4 A B 75 ZRE 18
W2 T PR A PR E A R A T
SPICE () ReRAM B8l T4 , Il B 7 B AR B 4%
(KT — 27 X2° 4 Crossbar, T ZR G 27 X 2° +
27X 2= DA HIESHM 3X 2" X2° NS,
Hr RS AR LR ) DR O SR A e 3 AR o, AL UL 45
B

AR T AU 2 7 T O N LR R AT
A5 . 1) Crossbar B #i A B E R 1-bit BE (R A &
R R 2253 5 LA R I B AR 2 vk 1 52 i 5 2) 2% 1 )
Crossbar [ W ¥ 26 |- B9 1 25 F1 B B T3 380 52
M £ /INETE DR L 22 5 3) g 24 5 e T LA L R
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TEE AL b, FRATTHE 45 R 5 SE BRI A i H B g
D5 AT T B AEBRE S R/ 1152 X128 FURL T,
ReRAM H1.5¢ fmi FHL AR BH 43 51 24 800 KQ F1 50 KQ.,
228 i1 BH (bit-line, source-line, work-line) 43 %Il &
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O E B AR AT B AT R OB R B
ot SR E (S R LAY A SR i R 2 N
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ARSCH TR T ReRAM 19 K48 #1042 I’ 45
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