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As semiconductor technology approaches the physical limits of two-dimensional scaling, there is a growing need for
specialized computing systems that can achieve dramatic energy savings through hardware-software co-design,
particularly in artificial intelligence applications. This talk focuses on Spiking Neural Networks (SNNs) and neuromorphic
computing as a promising path forward. We begin with fundamental neurobiological concepts underlying SNNs and their
theoretical foundations that form the computational basis of neuromorphic systems. We then present our team's
significant progress in designing large-scale neuromorphic systems, starting from the ground up with the
implementation of biological neuron and synapse models using CMOS and non-volatile memories to create a many-core
architecture with time-multiplexed interconnect. Our design also includes a novel memory organization and a
programmable interconnect to support millions of neurons and synapses, along with a hardware-software interface
designed to enhance system programmability.

Next, we introduce our comprehensive full-stack co-design methodology, which spans from computational neuroscience
to novel devices and materials, demonstrating its effectiveness in improving system dependability and enabling on-chip
learning. This approach is particularly crucial for developing Al systems capable of learning from continuous data streams
and adapting their decisions in real-time, similar to biological systems. We demonstrate this through flexibility path
planning applications, where a system can dynamically adapt its routing policies in response to changing conditions. The
talk concludes by examining two emerging frontiers: dendritic computations for solving classical computer science
problems like dynamic programming, and astrocyte-inspired designs for fault-tolerant computing. These developments
highlight the potential impact of neuromorphic computing on creating robust, large-scale systems for robotics and other
emerging applications that require parallel sensory processing and adaptive environmental responses, bringing us closer
to the efficiency and adaptability of biological neural systems.
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