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Reliable uncertainty based guidance for online
learners significantly enhances drift handling.

Motivation Use Case
* Need to handle data drifts in Fusion experiments + Fusion shots can displace the outer structure (B-coils)
+ Data drifts invalidate static ML models » Important to know expected deflection before running shots
+ Online learning is critical for data driven Digital Twins » Using data from DIII-D National Fusion Facility
+ Uncertainty Quantification is essential on OOD data + Uncertainty aware model via Gaussian Process (GP) Approximation

Uncertainty Aware Modeling and Online Learnin

Training Buffer

+ Traditional GP scales 0(n®)

+ Neural Networks are better suited to learn from
large amount of data

* GP Approximation using a fixed sized Random
Fourier Features kernel of size m

* GPA scales with 0(m®) where m<<<n and m is fixed

Bi-Lipschitz int on latent ion (hy) to | * Online fine-tuning using recent data buffer

preserve original input distances before feeding to GPA

* Forgetting on previous data is acceptable
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bottom - m_' s Metric Static Model Online Learning  Online Ensemble UQ Guided OE

MAE (x10° ’) 11.88£2.50 2.41£0.05 (baseline) 2.2620.02 (5.92%) 2.16£0.02 (10.24%)

MSE (x107?) 257+1.11 0.142£0.00 (baseline) 0.13+0.00 (8.66%) 0.12+0.00 (12.56%)
MAPE 2244+461  4.1820.10 (bascline) 3.92+0.05 (6.30%) 3.80+0.04 (9.08%)
Summary References
+ Online | ing is critical to maintain performance of data-driven ML L R?ul,&Sdmm,Musunuull.m_dunsr ainty g y
* Uncertainty guided online ensemble outperforms standard online learning D e o - s
+ In future, we would like to deploy the model and evaluate online Quantification, 2021, url: https:/ /arxiv.org/abs/2109.10254
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