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Fig. 1. (a) Supervised learning and unsupervised learning; (b) the structure of a single hidden-layer neural network, where neurons

are connected by weight coefficients; (c¢) unsupervised learning can be applied in social network analysis.
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Fig. 2. Wave propagation through different media and the corresponding linear matrix operations: (a) A traditional optical 4f sys-

tem realizes multiplication in Fourier space, which corresponds to the convolution in the original space; (b) modified 4f systems can

copy the input field with a grating and use different kernels for convolution; (c) a 4ftype system can implement the vector—matrix

multiplication!d.
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Fig. 3. (a) Nanophotonic circuits based on coherent light and all-optical matrix multiplication is capable for vowel recognition®”);
(b) image and language recognition are achieved by an all-optical spiking neural networking with wavelength division multiplexing
(WDM)[™2; (c) a design for an optical convolutional layer using a modified optical 4f system; (d) an all-optical diffractive deep
neural network that implements the digit classification®”; (e) end-to-end learning paradigms of diffractive optics and processing al-
gorithms/32.
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Fig. 4. (a) Passive object recognition with acoustic meta-neural-network?’; (b) realize quantum search algorithm with acoustic sys-

tem, achieving operations similar to quantum logic gates!*l.
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Fig. 6. Neuromorphic computing by nonlinear waves: (a) Single wave-layer feed forward neural network (SWFN) with input layer,

reservoir and readout layer, where the wave evolves according to a nonlinear partial differential equation; (b) the bias and wave
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Fig. 7. Diffusion mapping in typical phononic systems to realize manifold clustering: (a) Dimension reduction in manifold space;

(b) the probability distribution of samples and the effective landscape; (c) along with evolution, the samples diffuse and finally con-

centrate on positions with minimum local potentials, which indicates the clustering; (d)—(g) applications in disordered photonic SSH

chain, amorphous topological phononics, 1D non-Hermitian phononic chain, high-order topological phononics/?!l.
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Fig. 8. The unsupervised learning with diffusion map is applied to solve topology identification in different physical systems:
(a) Identifying the topological order in I-dimensional XY model; (b) detection of the phase transition for the Haldane model

without the edge states®; (c) diffusion maps in learning quantum phases with a Zg transverse field Ising modell®.
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Fig. 10. (a) The diagram of PSO; (b) The schematic diagram of the velocity and position updates in PSO; (c) workflow of the

multi-objective optimization for 2D SnSe materials design; (d) thermopower landscape at room temperature (300 K) versus the free

energy of 2D SnSe materials; (e) four 2D SnSe structures on the first Pareto front, where the dark gray and green balls denote Sn

and Se atoms, respectively!™.
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SPECIAL TOPIC—Machine learning and physics

Machine learning based on wave and diffusion
physical systems”
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Abstract

Recently, the application of physics to machine learning and the interdisciplinary convergence of the two
have attracted wide attention. This paper focuses on exploring the internal relationship between physical
systems and machine learning, and also on promoting machine learning algorithm and physical implementation.
We summarize the researches of machine learning in wave systems and diffusion systems, and introduce some of
the latest research results. We first discuss the realization of supervised learning for wave systems, including the
wave optics realization of neural networks, the wave realization of quantum search, the recurrent neural
networks based on wave systems, and the nonlinear wave computation of neural morphology. Then, we discuss
the machine learning algorithms inspired by diffusion systems, such as the classification algorithm based on
diffusion dynamics, data mining and information filtering based on thermal diffusion, searching for optimization
based on population diffusion, etc. The physical mechanism of diffusion system can inspire the construction of
efficient machine learning algorithms for the classification and optimization of complex systems and physics
research, which may create a new vision for the development of physics inspired algorithms and hardware

implementation, and even the integration of software and hardware.
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