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Using curve fits across tabular data happens 

all the time in systems engineering

• Fitting engine performance data

• Pressure and thrust coefficients 
across a control scheme for wind 
turbines

• Aerodynamic performance data

• Atmospheric modeling across 
different altitudes

• Heat exchanger performance at 
different temperatures and fluid 
flow rates



Sometimes data is structured;

sometimes it’s not

Structured Semi-structured Unstructured

OpenMDAO offers metamodels for all three types



During my PhD I developed a script to 

interactively view multidimensional fits



Now you too have that power, thanks to 

OpenMDAO and the dev team!

openmdao view_mm run_script.py
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Sometimes you need to call an interpolant 

millions of times during an optimization

In the conceptual design phase, 
you might use precalculated 
tabular aerodynamic data

Surprisingly, interpolating this 
data might become the 
bottleneck if you’re doing a 
trajectory optimization



The interpolation schemes were not optimal 

for our trajectory design problems

1. Some tables were interpolated using higher order fits unnecessarily

2. The interpolation methods were implemented
as a series of nested 1-D interpolations

3. They also provided derivatives wrt the training points

4. This flexibility decreased performance

5. Vectorization wasn’t possible
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OpenMDAO now includes fast, purpose-built 

metamodels for fixed data

3D-lagrange3 is a sped-up version 
of lagrange3 with:

• Fixed 3D size instead of N-D

• Fully vectorized calculation

• Cache coefficients for each cell



These fast methods sped up our 

trajectory interpolants by >30x

3D table dimensions: 25 x 15 x 12; 4500 points
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Using piecewise linear interpolants can 

introduce problems when using gradients



Piecewise linear fits can be problematic 

in real engineering cases
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Please critically consider what interpolants 

you’re using, your data, and the balance of 

computational cost and accuracy



Thanks!

john.jasa@nasa.gov


