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The technologies developed in this project are found as promising candidates of post-Moore soft
computing trends for accelerating the artificial intelligence tasks. This work explores the up limit
of approximate computing and reasonable scenarios for it by cutting off a great processing energy.

The approximate computing architectures are developed in this project, which
are re-configurable in temporal or spatial domain. By using the proposed technologies, the hardware
(HW) costs are greatly reduced with reasonable computing accuracy. For temporal re-configurability,
a series of neuromorphic computing platforms on the basis of our original topology named “ DiaNet”
are proposed and verified for artificial neural networks (ANNs). From various validations, the

proposed architectures reduce the use of HW resources up to 95% with similar quality of service as
conventional works. For spatial reconfigurable computing architectures, the asynchronous stochastic
computing (ASC) methodology is proposed, implemented, and validated by various arithmetic
calculations. The ASC circuits are found superior to synchronous SC on hardware efficiency and speed
with similar accuracy. Moreover, the ASC platform offers rich re-configurability to trade off
performance and cost post silicon.

ap?:oximate computing Neuromorphic circuits stochastic computing low power artificial in
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Fundamentals: snapshot spiking neural network
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DiaNet20 —> DiaNet30 Calculator free DiaNet implementation
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Power (uW) = 6000 12 0.861 47 7 21 = 3793 193

Energy # (pJ)) - = 840 9.2 0.083 301 110 0.2 = 451 182
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Deter. = deterministic SN generation; SCC = minimum stochastic computing correlation; AFE = attitude and
frequency encoding = hybrid of binary and SC over multi-wire; Quan. = stochastic bit quantization; MC = Markov

chain; FC = factor combination; McL. = McLaughlin expansion; Bern. = Bernstein expansion.



Chen Olivia Zhang Renyuan Luo Wenhui Wang Yanzhi Yoshikawa Nobuyuki

Early access

Extremely Energy-Efficient Non-Linear Function Approximation Framework Using Stochastic 2024

Superconductor Devices

IEEE Transactions on Emerging Topics in Computing 1 12
DOl

10.1109/TETC.2023.3330979

Oshio Reon Sugahara Takuya Sawada Atsushi Kimura Mutsumi Zhang Renyuan Nakashima Yasuhiko 44

A Compressed Spiking Neural Network Onto a Memcapacitive In-Memory Computing Array 2024

IEEE Micro 8 16
DOl

10.1109/MM.2023.3285529

Chen Yan Zhang Renyuan Kan Yirong Yang Sa Nakashima Yasuhiko

Early Access

Bisection Neural Network Toward Reconfigurable Hardware Implementation 2022

IEEE Transactions on Neural Networks and Learning Systems 1 11
DOI

10.1109/TNNLS.2022.3195821

ERLINA Tati ZHANG Renyuan NAKASHIMA Yasuhiko E104.C

A Feasibility Study of Multi-Domain Stochastic Computing Circuit 2021

IEICE Transactions on Electronics 153 163

DOl
10.1587/transele.2020ECP5015




Kan Yirong Wu Man Zhang Renyuan Nakashima Yasuhiko 69

MuGRA: A Scalable Multi-Grained Reconfigurable Accelerator Powered by Elastic Neural Network 2022

IEEE Transactions on Circuits and Systems I: Regular Papers 258 271
DOI

10.1109/TCS1.2021.3099034

Wu Man Kan Yirong Erlina Tati Zhang Renyuan Nakashima Yasuhiko 464

DiaNet: An elastic neural network for effectively re-configurable implementation 2021

Neurocomputing 242 251
DOI

10.1016/j -neucom.2021.08.059

Nguyen Van-Tinh Trinh Quang-Kien Zhang Renyuan Nakashima Yasuhiko 9

STT-BSNN: An In-Memory Deep Binary Spiking Neural Network Based on STT-MRAM 2021

IEEE Access

151373 151385

DOl
10.1109/ACCESS.2021.3125685

8 0 7

Haohui Jia, Ziwei Yang, Pei Gao, Man Wu, Chen Li, Yirong Kan, Renyuan Zhang

Automatic Sleep Staging via Frequency-Wise Spiking Neural Networks

IEEE International Conference on Bioinformatics and Biomedicine, (BIBM)

2022




Zheng Chen, Lingwei Zhu, Ziwei Yang, and Renyuan Zhang

Multi-Tier Platform for Cognizing Massive Electroencephalogram

International Joint Conference on Artificial Intelligence, (1JCAI)

2022

Guangxian Zhu, Yirong Kan, Renyuan Zhang, Yasuhiko Nakashima

A Stochastic Coding Method of EEG Signals for Sleep Stage Classification

IEEE International System-on-Chip Conference, (SOCC)

2022

Man Wu, Yirong Kan, Renyuan Zhang, and Yasuhiko Nakashima

Training Deep Spiking Neural Networks with Ternary Weights

IEEE International System-on-Chip Conference, (SOCC)

2022

Van-Tinh Nguyen, Tieu-Khanh Luong, Emanuel Popovici, Quang-Kien Trinh, Renyuan Zhang, Yasuhiko Nakashima

An Accurate and Compact Hyperbolic Tangent and Sigmoid Computation Based Stochastic Logic

IEEE International Midwest Symposium on Circuits and Systems, (MWSCAS)

2022




Sugahara Takuya, Renyuan Zhang, and Yasuhiko Nakashima

Training Low-Latency Spiking Neural Network through Knowledge Distillation

IEEE Symposium on Low-Power and High-Speed Chips

2021

Van Tinh NGUYEN, T. -K. Luong, E. Popovici, Q. -K. Trinh, Renyuan Zhang and Yasuhiko Nakashima

An Accurate and Compact Hyperbolic Tangent and Sigmoid Computation Based Stochastic Logic

IEEE International Midwest Symposium on Circuits & Systems

2021

Man Wu, Yirong Kan, Van_Tinh Nguyen, Renyuan Zhang, Yasuhiko Nakashima

Ternarizing Deep Spiking Neural Network

2021

(Kimura Mutsumi)

(60368032) (14603)







