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Abstract: In the era of massive data and information, electronic computer processing systems face increasingly
greater demands on computing power and energy consumption. Bottlenecks such as the "memory wall" and "power
wall" inherent in the traditional von Neumann architecture, coupled with the slowing down or even invalidation of
Moore's Law, have posed significant challenges to electronic chips in terms of computing speed and power
consumption. Utilizing optical computing as an alternative to traditional electronic computing represents one of the
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most promising avenues to address current challenges in computing power and power consumption. This review

systematically summarized the research progress of optical neural network architectures and algorithms in both on-

chip integration and free space, and described typical research efforts in detail. Then, the advantages and

disadvantages of these two types of optical neural networks and the training strategies of optical neural networks

were discussed and compared. Finally, the potential challenges that optical neural networks may encounter were

discussed in depth, and a forward-looking perspective on their future development was offered.

Keywords: optical neural network; on-chip integration; free space; brain-like computing
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Fig. 1 The development history of artificial intelligence
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Fig. 5 Research progress in photonic neural networks based on MRR arrays'
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Progress in the research of optical
neural networks

Xiang Shuiying'", Song Ziwei’, Zhang Yahui', Guo Xingxing', Han Yanan', Hao Yue®

Research progress of photonic neuromorphic computing

Overview: The era of big data has placed greater demands on the computing power and speed of electronic computer
processing systems. Issues such as the "memory wall" and "power wall" inherent in the traditional von Neumann
architecture, coupled with the slowing down or even invalidation of Moore's Law, have posed significant challenges to
electronic chips in terms of computing speed and power consumption. Utilizing optical computing as an alternative to
traditional electronic computing represents one of the most promising avenues to address current challenges in
computing power and power consumption.

This review systematically summarized the research progress of optical neural network (ONN) architectures and
algorithms in both on-chip integration and in free space, and described typical research efforts in detail. In terms of on-
chip integrated ONNSs, the research progress of ONNs based on semiconductor lasers, silicon micro-ring resonators,
Mach-Zehnder interferometers, and phase change materials was presented. Meanwhile, progress in research on free-
space-based ONNS, including diffractive deep neural networks and metasurface-based ONNs, was summarized. Then,
the advantages and disadvantages of these two types of ONNs were discussed and compared. The free-space-based
ONN s have excellent parallel computing capabilities and are suitable for large-scale computing tasks. But they suffer
from large volume and high complexity. In contrast, on-chip integrated ONNSs have the advantages of scalability, high
power efficiency, compact footprint, and high programmability. However, how to ensure accuracy and robustness in the
process of large-scale integration to better cope with increasingly complex and large-scale computing tasks is still an
urgent problem to be solved. In addition, training is an important step in the construction of neural networks and
determines the performance of the entire system. Therefore, the research progress of the in-situ training method and the
hardware-aware offline training method used in ONNs was introduced.

At last, the potential challenges that ONNs may encounter were discussed in depth, and a forward-looking perspective
on their future development was offered. From the material and devices, to the system architecture, and ONNs are
presenting a multi-level, cross-domain, and comprehensive development pattern for the algorithm implementation. By
thoroughly exploring the potential of photon properties and deeply integrating them with artificial intelligence
algorithms, the broad prospects and infinite possibilities of ONNs in building new intelligent computing systems can be
demonstrated. Advances in ONNs can promote the development of the new computing paradigm of photonic brain-like
computing, leading computing technology toward a more efficient and intelligent future.
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