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Background
Al systems are rapidly increasing global electricity demand, while electricity production grows slowly. If

current trends continue, data centers could eventually consume a significant fraction of worldwide
electricity, limiting Al growth. Current Al infrastructure consumes energy inefficiently due to both horizontal
scaling of computing cells connected by optical interconnects and vertical stacking of modules connected
by copper cables, which require power-hungry repeaters. Reducing energy consumption is essential to
sustain Al development.

The Big Idea
Simultaneously exploit ultra-low-energy optical interconnects and unconventional computing units to
significantly reduce the energy requirements of Al systems.

Why does this matter? Without dramatic improvements in energy efficiency, Al growth will be constrained
by electricity availability and environmental impact.

What will you do? Using optical interconnects for both horizontal and vertical scaling, combined with
photonic computing platforms that perform computations as signals propagate at near light speed,
enables extremely high-speed, low-energy Al processing. These methods complement conventional
computing units to create hybrid engines that dramatically outperform existing systems.

How will you do it? Over the past six years under DARPA PIPES, Penn has developed optical
interconnects achieving 10 Tb/s over 500 m with energy efficiency as low as 150 fJ/b, with further
improvements planned. Concurrently, under ONR programs, unconventional computing units have
demonstrated classification rates seven orders of magnitude faster than conventional platforms and over
100x lower energy consumption. The next step is integrating these technologies into hybrid Al
processors, offering substantial speed and energy gains.

Impact

This work will provide a path toward scalable, low-energy Al systems that meet societal and industrial
needs while reducing environmental impact. Commercial and startup interest is high, and Penn is
positioned to lead both technology development and translation to industry, potentially transforming the
energy footprint of Al globally.
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