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The future roadmap of NVM based neuro-inspired computing chips. Credit:
Zhang et al.

In recent years, many research teams worldwide have been developing
computational techniques inspired by the human brain, such as deep
learning algorithms. While some of these techniques are considered
highly promising for a wide range of applications, conventional
hardware does not always support their computational load and thus can
limit their performance.

A possible solution for overcoming the limitations of existing hardware
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and ensuring that brain-inspired computational techniques achieve
optimal results entails the creation of new electronic components that
better reflect the structure of the human brain. A class of neuro-inspired
computing chips is specifically designed for artificial intelligence (AI)
applications that mimic the neural structures in the brain of humans and
other animals.

Researchers at Tsinghua University in China have reviewed recent
advancements in the design of neuro-inspired computing chips to gain
insight on the progress made so far and identify challenges that still need
to be overcome. Their review paper, published in Nature Electronics, also
outlines a series of co-design principles that could inform the
development of new neuro-inspired circuits, devices and algorithms.

"The idea for our paper came from our previous attempts at designing
neuro-inspired computing chips," Huaqiang Wu, one of the researchers
who carried out the study, told TechXplore. "In our past studies, we
found that it is difficult to optimize the performance of these chips on an
individual level, such as the device or circuit level, and that such a chip
needs to be optimized with co-design strategies that cover a broad range
of elements, from devices to algorithms."

In their new paper, Wu and his colleagues closely examine recent
developments in the design of neuro-inspired computing chips and
reflect on some of the lessons learned from their own efforts in the field.
In addition, they outline a set of benchmarking metrics and co-design
principles that could assist others who are trying to develop these chips.

"We hope that our work will help non-expert readers to find out more
about neuro-inspired computing chips, while also promoting greater
development in this field of research," Wu said. "We mainly examined
neuro-inspired computing chips in terms of their potential for supporting
algorithms, spiking neural networks or artificial (deep) neural networks."
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An abstract representation of a neuro-inspired computing chip. Credit: Zhang et
al.
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Wu and his colleagues highlight four metrics that engineers could focus
on when trying to evaluate the effectiveness of neuro-inspired computing
chips: computing density, energy efficiency, computing accuracy and on-
chip learning capability.

When reviewing past studies, the researchers observed that these metrics
were the most crucial for the design and optimization of neuro-inspired
computing chips, as they best represented the chips' unique features and
their possible advantages over traditional chips. For instance, computing
density, a metric that reflects a chip's area efficiency, ultimately allows
engineers to determine how much information their chips can store at
once and whether their memory is sufficient to run large-scale neural
networks.

In addition to outlining important metrics for evaluating brain-inspired
chips, Wu and his colleagues introduced a set of co-design principles
that could serve as a reference for future research in the field. These
principles are largely based on their past research findings and
observations.

"We think that the co-design tool we proposed is the most important part
of our study," Wu said. "In the practical neuro-inspired computing chip
design, without this co-design tool, it is hard to achieve a high-
performance chip. For example, nonvolatile memory (NVM) devices,
which could be used as synaptic memory, usually have intrinsic non-
idealities and these non-idealities will drop the performance of chip.
Reducing the non-idealities at the device level, however, requires lots of
effort, and we cannot remove them entirely. Our co-design tool could
thus help to optimize the performance of a chip not only at the device
level but also at the circuit or system levels."

Their review paper could ultimately serve as a general roadmap for
engineers who are trying to develop brain-inspired chips. Meanwhile,
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Wu and his colleagues are planning to devise other guidelines that could
speed up and facilitate research in the fields of artificial intelligence (AI)
and neuro-inspired electronics.

"In our future research, we could divide designing neuro-inspired
computing chips into two parts," Wu said. "In the device fabrication and
technology integration part, we will optimize the performance of
devices, fabricate new neuro-inspired devices and explore three-
dimensional neuro-inspired computing chips. In the chip and system
part, on the other hand, we will develop a co-design tool and design a
general-purpose neuro-inspired computing chip, especially the NVM
based computing-in-memory chip."

  More information: Wenqiang Zhang et al. Neuro-inspired computing
chips, Nature Electronics (2020). DOI: 10.1038/s41928-020-0435-7
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