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My Vision: Brain, Mind, and Machines My Research

Brain-computer interfaces (BClIs)
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Brain-inspired prefetching

ISCA™6, PACT17, ISCA18, MICRO19, ISCA’21, Top Picks’21 & 57
Adaptive systems for efficiency and security

Aggressive cross-layer co-design Application performance

Seizure propagation’ movement intent decoding Distributed applications with optimized communication

Design challenges

High Throughput Complex Processing Accelerator rich hardware design

100-1000 Mbps Signal processing, Machine learning A

Flexibility Real-Time Latency Tissue Power Supply XCOR
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Personalized treatment Tens of ms Central SCALO

Intelligent PE design to optimize reuse and area
Per-PE clock, and frequency scaling

Configurable interconnect

Quantum Systems for Cognitive Modeling

Cognitive frameworks

Differential equations

Inputs —l Outputs

(e.g., stimuli) (e.g., decisions)
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Neural inetworks

Challenging to run
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Planning Analogical reasoning Quantum probability

CGO’22
Distill: Compiler for cognitive frameworks to run on

multicore CPUs and GPUs

Enabling Real Impact

Yale School of Medicine

Artificial models ’ Ex vivo studies

Can quantum computing help? How? Uncovered hew systems research
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@ No support for parallelization (e.g., in variational/iterative applications)
Agent

Longlatency for iterative execution

Quantum walks Multi-particle multi-well Leaky competing Predator-prey

accumulator (LCA
(MPMW) ( ) Solving for 3 eigenvalues in the MPMW model

Used many algorithms: variational eigensolvers, imaginary time evolution,
restricted Boltzmann machines (RBMs), quantum walks, nonlinear dynamics
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Serial Simultaneous Parallel
(New Algorithm) (Execution)

Digital (gate-based) quantum computer Analog (annealing) quantum computer

The Possibilities are Many

Treat debilitating diseases Teaming

In vivo implantation o Brain Implants Allow Paralyzed Man "= - .
S linSine to Walk Using His Thoughts

‘ in’: 2xnerimental Brai .
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Treatment Helped Her DeprCSSlon — intentions of a paralyzed patient to his physical movements. Could Personalize l)(‘l)l‘(‘.‘iﬁl(lll

Until This Thernjry

It's the first study of individualized brain stimulation to treat

severe depression. Sarah’s case raises the possibility the method
may help people who don't respond to other therapies.
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