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All models are wrong…2

...but some are useful (George Box 76)
• Computational models support decision making when:

 the models are computationally efficient enough
 uncertainty may be accounted for and propagated through the analysis

•  Many models of complex systems do not meet these criteria



Optimization of approximate models3



4 Discrepancy Parameterization

Approximate Optimal Solution

High-fidelity Data

argmin
ᵆ�

Post-Optimality Sensitivity Optimal Solution Posterior

Prior Discrepancy

Bayesian Inversion

ᵰ� ᵅ�ᵅ�ᵆ�ᵆ� ∝ ᵰ� ᵅ�ᵅ�ᵅ�ᵅ�ᵅ�ᵅ� ℎᵅ�ᵅ�ᵅ� ᵰ� ᵅ�ᵅ�ᵅ�ᵅ�ᵅ�

ᵰ� ᵅ�ᵅ�ᵅ�ᵅ�ᵅ� = Laws, length scales, etc.

Algorithmic Pipeline



Illustrative example5



Optimal solution posterior samples6

Posterior samples

Optimal solution with 
approximate model

Updated 
solution

High fidelity solution
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Parameterizing model discrepancy8
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Model discrepancy representation10
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Post-optimality sensitivities (Hyper-Differential Sensitivity 
Analysis)12

(1)



Post-optimality sensitivities13
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Bayesian Inverse Problem - Prior discrepancy15



Bayesian Inverse Problem - notation16



Bayesian Inversion Problem17



Bayesian Inversion Problem – enabling sampling18



Posterior samples for discrepancy19
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Propagating samples through post-optimality sensitivities21



A fluid flow example to illustrate22



Comparison of controllers23



Comparison of Stokes and Navier-Stokes24

Original Stokes with 
nominal controller

Navier-Stokes solve 
with nominal control 

Navier Stokes with 
updated controller

ᵆ� ᵆ� ᵆ� ᵆ� ᵄ�



Posterior controller uncertainty25



Conclusions26


