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Abstract: The rapid expansion of artificial intelligence (Al), internet of things (IoT) and 5G/6G
mobile networks is creating an urgent need for energy-efficient, scalable computing hardware.
Optical computing is emerging to enable new computing paradigms with high optical bandwidth,
parallel processing, and low-loss data movement. However, the scalability of existing optical
accelerators is limited by the electro-optic conversion efficiency, large photonic device footprints,
lack of optical nonlinearity, etc. In this talk, I will present our computing approaches to overcomes
these bottlenecks with hyperdimensional multiplexing. Our experimental results have realized
large-scale Al processing in models with half a million parameters, a full-system energy efficiency
at few femtojoule per operation (fJ/OP) and computing density of 6 TOP/(mm?-s). This computing
efficiency and density outperform the state-of-the-art digital processors for the first time, with 100
folds improvement. In the last part, I will cover some interferometry techniques based on laser
frequency combs for broadband, high-speed precision sensing and metrology at quantum-limited
sensitivity.
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