Deep Learning: “Low-Dimensional” Structures

Loss Hessian eigen decay: Most eigen-values are at/near zero
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Predictive Models: ResNets, ConvNets, Transformers (Vision, Language Models)
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| Generative Models: ™
| Diffusion w/ U-Nets

PDE Solvers, Operators:
Fourier Neural Operator

Privacy in Al, Federated Learning, and Adaptation

Privacy in Al: Random Projection of Gradients + Gaussian Noise

@ Sketched Gaussian Mechanism (SGM):

» With clipped gradient 2, do random projection, add noise R is random projection

B= RE 46, & ~N(0,0%) Projects high-d gradients to low-d

» Update parameters, using OPT (SGD, Adam, AMSGrad, etc.) Noise is added to projected gradients
Oci1 = OPT(0r. . 11c)

100x Random Projection (adam-xe5): Preserves Privacy, Outperforms in Accuracy
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Federated SGM on Language Models

Communication Round

Federated SGM on Vision Models

Appllcatlons Weather, Agriculture, GeoSpatlaI Al

RMSE Companson Average vs. MSSL Seasonal Memory: ENC Region Maize g Soybesn

Global Crop-Type (Foundation Model)
TorchGeo Impact (so far)
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TorchGeo: GeoSpatial Al
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Sequential Decision Making under Uncertainty

Policy Optimization —— NeuralUCB
VeI (0) = B, [Volog me(arlse) - A(st, ar)] — NeuralTS
Alse ar) = Q(s1,a0) = V(se) sonoll T Neural-g —

000 [ il —

PPiiie
| Control Knobs | o
100
World State, s,., 0
0 1000 2000 3000 4000 5000
Rounds

Contextual Bandits:
Neural Policies
Exploration vs. Exploitation

Field-level DT

Regional-level DT

Reinforcement Learning for Ag:
Field-level and Regional-level
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