GaZmusino: An extended edge RISC-V core
with support for Bayesian Neural Networks
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¢What are Bayesian Neural Networks?

* Integrate probabilistic modeling
+ Extend predictions with uncertainty
» More expensive inference algorithm

Weight Sampling Optimization

» Bayesian Neural Networks parameters are modeled by
Gaussian distributions

* Distribution sampling takes more than 80% execution

» Layer folding
» Weight transformation
* Fixed point

* Portable C code generation

» GaZmusino BNN extension
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From BayesianTorch to GaZmusino
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Results and Conclusions

1 Ace % JRE % 4 UCE %
Model BT GZ | BT GZ | BT GZ
HYPER | 89.46 0.03 | 3.93 0.00 | 3.31 -0.11
LENET 62.61 -0.38 | 2.62 -0.75 | 4.09 1.35
B2N2 75.77 0.17 | 2.13 -0.54 | 2.72 1.86
RESNET | 81.01 -1.34 | 2.23 -0.74 | 2.24 0.71
Average -0.38 -0.51 0.95
Std. Dev. 0.29 0.39 1.02

Ratio of total cycles

ACC. Accuracy (Higher Better)
RE. Reliability Error (Lower Better)
UCE. Uncertainty Calibration Error (Lower Better)

Model performance preserved
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Avg. 8.9x speedup and 8.2x energy efficiency
GaZmusino enables BNN inference on the edge

GaZmusino Open-Source RISC-V Core
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New instructions
* fxgen.unif rd, I
* fxgen.seed ra

*fx.madd rd, ra, rb, rc, I
. J

* Uniform RNG
* Fixed-Point MAC
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