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Abstract—Today’s computing systems struggle to keep pace with the rapidly growing
compute demands of modern AI application workloads from edge to cloud. This neces-
sitates orders-of-magnitude improvements in efficiency, which can be achieved by syner-
gistically combining the strengths of machine learning (ML) and emerging compute tech-
nologies. This talk spans across design and resource management of von Neumann and
heterogeneous in-memory computing (IMC) architectures to address this gap. Specifically,
I will present a novel ML-based methodology for dynamic power management that is ap-
plicable to both mobile and datacenter-scale systems. This methodology addresses the
challenge of maximizing performance and minimizing energy consumption for dynamically
changing applications. Next, I will present a framework for the design of heterogeneous
IMC architectures to address the challenges of deep neural network training on 3D inte-
grated systems. I will also discuss thermal-aware kernel mapping and runtime reliability-
aware computation of different neural networks (CNNs, Graph NNs, and Transformers) on
2.5D and 3D integrated systems. Together, these contributions will demonstrate how ML-
enabled design and optimization in heterogeneous architectures can enable energy-efficient,
high-performance, and reliable Al inference and training. I will conclude with my vision
for future research directions in silicon photonics, brain-inspired computing, and reliability
in 2.5D and 3D advanced packaging.
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