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A Heterogeneous Future

 We envision a future of computing with 
neuromorphic hardware working side-
by-side with CPUs and GPUs.

 Neuromorphic hardware are often used 
for AI applications and bio-inspired 
algorithms.

 The energy efficiency of neuromorphic 
also has potential for scientific 
computing applications.

Neuromorphic

Conventional
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Efficient Markov Chain Sampling

Image: Severa et al. IJCNN 2018.

Image: Smith et al., in review 2021.
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DTMC Sampling Can Solve Problems!

 Sampling can be used for many problems, including solving PDEs.

Images: Smith et al., in review 2021.
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Evaluating a Sampling Algorithm on Loihi

 Loihi has 8-bit limited PRNG. Our algorithm 
approximates a stochastic process with a DTMC.

 How do we assess stochastic sampling and identify 
where hardware or algorithm limitations exist?
 Code verification and Hardware validation

 We test Loihi and our algorithm by statistically assessing 
the samples generated and exploring the parameter 
space where the algorithm may fail.
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The Ornstein-Uhlenbeck Equation

 We choose to assess our Loihi algorithm on the Ornstein-Uhlenbeck Equation:

Susceptible Infected

Image: Duncan & Goldstein, PLoS genetics 2006.

Image: Creative Commons BY-SA-NC
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Making a DTMC from the OU Process
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Making a DTMC from the OU Process

Mean Variance
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Making a DTMC from the OU Process

Mean Variance
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Data Generation
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Image: Severa et al. IJCNN 2018.
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Relative Entropy
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Relative Entropy

Mean Variance
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The Discrete KL Divergence
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The Discrete KL Divergence
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The Discrete KL Divergence
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Relative Entropy Results

 We also simulated trajectories 
in a traditional manner (Euler-
Maruyama) for the exact 
same parameters as Loihi 
trajectories for the exact same 
number of time steps.

 Each square subplot contains 
one dot for each time step in 
each of the 29,087 
trajectories. This is a total of 
7,715,213 total measurements 
per subplot.
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Relative Entropy Results

 The majority of time steps observed on Loihi have a relative 
entropy value less than 1.

 The discrete KL measure is slightly better as the comparison is 
to a distribution more similar to that of the DTMC.
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Algorithm’s Viable Simulation Space
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Predicting Viable Combinations
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A Trade-Off in Simulation
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Where do hardware limitations end and algorithm 
limitations begin?

 Limited PRNG availability and precision.

 Viable parameter space limitations and 
accuracy implications.

 More resource-intensive probability 
circuits.

 Further limited parameter space.

 Clever efficient circuits?
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Conclusions and Future Questions

 Neuromorphic can reasonably sample from DTMCs today.

 We have provided a methodology to assess the outcome of sampling a stochastic process 
given a neuromorphic technology and a sampling algorithm.

 A trade-off exists in hardware and algorithm limitations when applying emerging technologies 
to existing numerical and scientific computing tasks.

 The existing limitations are an opportunity to discover new, efficient, and optimized algorithms 
for scientific applications.
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Thanks!
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The Log-Likelihood Ratio (LLR)
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The Log-Likelihood Ratio (LLR)
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Relative Entropy Results

 We also simulated a DTMC implementation on MATLAB and artificially reduced the 
probabilities of transition.


