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Introduction and Motivation

Convolutional Neural Networks (CNNs) struggle with tasks involving long-range 
information transport, which are common in applications like weather prediction 
and disease propagation.

Need for non-local operations in CNNs to handle such tasks efficiently



Key Ideas

Augment CNNs with Advection, Diffusion, and Reaction (ADR) Process

• Advection: Non-local transport of information across the image.

• Diffusion: Smooths features locally between neighboring pixels.

• Reaction: Enables pointwise interaction among channels.

Semi-Lagrangian Push Operator: Allows efficient, non-local advection 
in a single step.



ADR Network Structure

• Overview: Combines Advection, Diffusion, and Reaction within a CNN 
to capture complex transport processes in spatio-temporal data.
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ADR Network Structure (Cont.)



Experimental Results
Performance on Scientific Datasets

• CloudCast dataset

• PDEBench SWE Dataset

Prediction and error for the SWE problem using our ADRNet

Results on PDEBench SWE Dataset
Results on CloudCast dataset



Experimental Results (Cont.)

Moving MNIST, KITTI

✓Competitive on video prediction tasks

Results on KITTIResults on Moving MNIST



Limitations and Future Work

Limitations:

• Optimal for Scientific Data, Less effective for complex video prediction 
tasks requiring generative capabilities

• Niche Use Cases: Best suited for tasks requiring advection

Future Work:

• Enhanced Generative Capabilities: Adapt for evolving video features.
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