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Performance improvement on neural networks that actively employ the constraints
of hardware circuits

Tamukoh, Hakaru
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We employ rounding errors that occur in hardware circuits as random numbers
for training restricted-Boltzmann Machine (RBM) neural networks. We also propose a modified dropout
algorithm that employs a simple rule for training multi-layer perceptron (MLP), convolutional neural

networks (CNN) and long-short-term memory (LSTM) neural networks. By using these proposed methods,

we can reduce hardware resources for random number generators and improve the performance of neural
networks implemented by hardware circuits.

FPGA



Learning

Graphic Processor Unit GPU

Deep

1 13 ”
(H. Tamukoh, IEICE Trans, 2004) “ "
( 2010) 1
2
BB «
‘ &
A& arDIERE S BERHGEILEE ' * -
S D0 e | AmCESTHSS FLIUZLERE || ®
Ollx-w| 0010100 | [ o™ L mEmmoRn . J
Il - w, | {01P10000 | | “ & N A TN 2
Ollx-w | {00p11010 | N | sl P msmeanss FILIYZ LD
; — \ ~ 3% o3 i
L2 w hoHBE s o i
WM 220w S THE il . o ~ _E
- Wl WA7—*745Fv || @©
O EEEE
1 2
3 Restricted Boltzmann
Machines RBM
16 8 8

210 10

16



MNIST

BEENAD k]
p(hy = 1]v) = [ +Z] w, BB B ] uam
[ w BB | 9BE | RuHT
Wy
e EhE . 16 bit | 16 It
_f/- H‘L zw,_.t', I
L— ) : 6 biE j 16 5
14} |___:z- _"'
Wi, = 1)) 18b HmeiLTER ook
@ v, || o
« J oy | WIbiETRE | T
3 RBM
RBM
RBM
4 5

[3]

3360 72567
Hhar;r;-:n W 0 {? f j z q,f 3 '2 7
v | 877398543
18.00 ; . i p
= - ARl 287 s72094/
f e et 4r6HUETOD
@ 17163082/ 147
80ae7 8704
b 10 15 20 25 é?%é?ﬂ'fﬁ’ﬁ/
Epochs
4 RBM 5
Dropout RBM
Dropout Mask
Dropout Multi-Layer Perceptron MLP
Convolutional Neural Networks Long-Short-Term Memory LSTM
6 7
(51071
Input, X, Hidden Layer, h, Output, x, | “osic Urlization | Genersl | General - Proposed
. * | (serial) (parallel)
ho h h? Number of slice 149 588 70
\ - % { :' I registers ]
= 11 1 Number of slice | 190 640 64
Bk LSTM B LsT™ 5 LUTs
& E Number of fully | 141 576 64
1 if E used LUT-FF pairs
JEmbedded t byt h? : to gemernte » e | ' 1
matrix, E RNG required 1 64 N/A
Dropout mask
6 LSTM Dropout 7 64 Dropout Mask



[1]

[2]

(3]

[4]

(5]

(6]

[7]

o

@

Akihiro Suzuki, Takashi Morie and Hakaru Tamukoh, “A shared synapse architecture
for efficient FPGA implementation of autoencoders,” PLoS ONE. 2018; 13(3):e0194049.
https://doi.org/10.1371/journal.pone.0194049

Dinda Pramanta, Takashi Morie, Hakaru Tamukoh, “Synchronization of

Pulse-Coupled Phase Oscillators over Multi-FPGA Communication Links,” Journal of
Robotics, Networking and Artificial Life, Vol. 4, No. 1, pp. 91-96, June 2017.

5

" (SIS)
SIS2019-1 2019 6 13-14 (13)

Ninnart Fuengfusin, Hakaru Tamukoh, “Mixed Precision Weight Networks: Training

Neural Networks with Varied Precision Weights,” 25th International Conference on
Neural Information Processing (ICONIP2018), Siem Reap, Cambodia, December
13-16(15), 2018.

Yoeng Jye Yeoh, Hakaru Tamukoh, “Alternative Dropout for Hardware

Implementation in Recurrent Neural Networks,” 2018 International Workshop on
Smart Info-Media Systems in Asia (SISA2018), RS-13, Kanagawa, Japan, December

13-14(14), 2018. SISA Best Student Paper Award

Akihiro Suzuki, Hakaru Tamukoh, “Reverse Reconstruction of Anomaly Input Using
Autoencoders,” 2018 International Symposium on Intelligent Signal Processing and
Communication Systems (ISPACS2018), FM1B-3, Okinawa, Japan, November
27-30(30), 2018.

Yoeng Jye Yeoh, Takashi Morie and Hakaru Tamukoh, “A Hardware Oriented Dropout

Algorithm for Efficient FPGA Implementation,” Proceedings of 24th International
Conference on Neural Information Processing (ICONIP2017), Lecture Notes in
Computer Science, Vol. 10638, pp.821-829, Guangzhou, Nov. 14-18(17), 2017.

0

https://www.brain_kyutech.ac. jp/~tamukoh/

SUZUKI, Akihiro

HORI, Sansei



PRAMANTA, Dinda

YOENG JYE, Yeoh

FUENGFUSIN, Ninnart



