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Thermodynamic Computing

Thermodynamic Computing 1911.01968 Tom Conte et al.

● Harness nature's innate computational capacity
○ Use the underlying physics to compute (compute closer to the hardware)

● Noise as a resource, not a curse



Transistor Energy Scaling

Moore’s law and Dennard scaling

https://ariaresearch.substack.com/p/spotlight-on-suraj-scaling-compute



Improving Compute per kT

1) Algorithms

2) Quantum Computing

3)    Novel (classical) Hardware



Noise and computation



Computational Building Blocks 



RC Stochastic Unit

Stochastic noise sources

Thermal noise

Shot noise

Time evolution:



Stochastic Processing Unit (SPU)



Thermal Playground https://app.normalcomputing.ai/composer



Stochastic Processing Unit Dynamics

Overdamped or Underdamped Langevin dynamics



Gaussian Sampling with Stochastic Processing Unit

For harmonic oscillator system, at thermal equilibrium, x is Gaussian distributed:



Matrix Inversion with Stochastic Processing Unit



Upcoming: Generation 1 hardware



Thermodynamic Advantage

ω=2.3  matrix multiplication scaling
κ Condition number
ε accuracy



Matrix Determinant with Stochastic Processing Unit



Matrix Determinant with Stochastic Processing Unit (2)



Thermodynamic AI



 Computing

https://normalcomputing.ai

Upcoming: Berkeley Physics Colloquium, Mon Nov 13th
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