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The vicious cycle of data scarcity, model complexity, and cost
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• Expensive data

• Reduced computing power

• Simple models
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The vicious cycle of data scarcity, model complexity, and cost
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• Computers appear!

• Cheaper data

• More complex algorithms
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The vicious cycle of data scarcity, model complexity, and cost
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• Training time
• doubled every ~5 months

• Dataset size 
• doubled every 8 months

• Power consumption
• 5x/year since 2020

[1] Stanford 2025 AI Index report
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As always is to do more with less
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Thesis scope: Doing more with less
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1. Adaptive Sampling
• Intelligently select points 

to build a database
• Conformal prediction
• Design of Experiments

2. Multi-Fidelity Shape 
optimization
• Embedded on the 

optimization
• Automatic high-Fidelity 

triggering
3. Soft-physics
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State of the art: Overcomplicating architectures
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Neural Network

ℝ𝑎 ℝ𝑏

Neural Operator

𝑓∞ 𝑝∞

Catalani et. al. 2024, Scientific Reports

Li et. al. 2023, Arxiv
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Herde et. al. 2024, Advances in Neural Information Processing Systems

Li et. al. 2023, Arxiv

Neural Network

ℝ𝑎 ℝ𝑏

Neural Operator

𝑓∞ 𝑝∞
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My approach: Efficient use of readily available information
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My approach: Efficient use of readily available information ⟶ Soft-Physics
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Geometric Encoder

Query Point
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Soft-Physics: 2D Surface Cp predictions
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Soft-Physics: 2D Surface Cp predictions

13

D
ee

pO
N

et
So

ft
-P

hy
si

cs No potential Flow data was 
used in the training!



PhD Doctoral Meetings 2026 |PhD Program in Aerospace Engineering

Soft-Physics: 3D Surface Cp predictions on transonic database
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Achievements
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