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Abstract Computer-based artificial neural networks with large number of neurons and interconnections require huge
computational resources and power consumption. While there are many efforts to pursue the development of Al
electronic chips with various architectures [1, 2], such as Google Tensor Processing Units (TPU) and IBM TrueNorth,
all-optical implementation of Al modules would provide an alternative and much more powerful solution because of its
intrinsic parallelism, high-speed computation (at the speed of light), and potential low energy consumption [3].
However, the experimental realization of massive optical nonlinear activation functions, which are necessary for deep
machine learning, remains the bottleneck for pushing hybrid optical-electronic neural networks towards all-optical
implementation. Here, we demonstrate the first fully functional multi-layer all-optical neural network (AONN) scheme
with tunable linear optical operations and nonlinear optical activation functions [4]. The linear operations are realized
using spatial light modulators and Fourier optics. The optical nonlinear activation functions are realized with
electromagnetically induced transparency in an atomic ensemble. The AONN system is error-tolerant and scalable due
to the independence of errors from different neurons [5]. As examples of application, we applied a two-layer AONN for
classifying different phases for a prototypical Ising model in condensed matter physics [4], recognizing handwritten
digits and fashions [5], as well as performing photonic qubit quantum-state tomography [6]
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