
Deep Learning: “Low-Dimensional” Structures Privacy in AI, Federated Learning, and Adaptation

Applications: Weather, Agriculture, GeoSpatial AI Sequential Decision Making under Uncertainty 

Loss Hessian eigen decay: Most eigen-values are at/near zero

Predictive Models: ResNets, ConvNets, Transformers (Vision, Language Models)

Generative Models: 
Diffusion w/ U-Nets

PDE Solvers, Operators: 
Fourier Neural Operator

Privacy in AI: Random Projection of Gradients + Gaussian Noise

Federated SGM on Vision Models Federated SGM on Language Models 

100x Random Projection (adam-xe5): Preserves Privacy, Outperforms in Accuracy 

R is random projection

Projects high-d gradients to low-d

Noise is added to projected gradients

Weather (Multi-Task Learning)       Seasonal (Interpretable AI)           Global Crop-Type (Foundation Model)  

TorchGeo: GeoSpatial AI

Reinforcement Learning for Ag:

Field-level and Regional-level

Contextual Bandits:

Neural Policies 

Exploration vs. Exploitation
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