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Inexact Trust Region Framework



21

Inexact Trust Region Framework
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Inexact TR and Adaptive RB



Inexact TR and Adaptive RB (2)



NUMERICAL EXAMPLES



Advection-Diffusion Control 
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Results for 1D Advection-Diffusion
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Results for 1D Advection-Diffusion
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Evolution of Sampling over Optimization Run
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Summary

• These are the main ingredients:
– Local basis enriched with gradient information
– A practical and effective error indicator
– Inexact trust region framework

• The cost of the reduced bases solutions does 
not grow with the number of atoms added.

• We are in the process of extending this 
framework to nonlinear PDEs.



Current and Future Directions
• Treatment of physical and stochastic 

dimensions in a unified framework 
• Model-form uncertainty
• Treatment of imperfect knowledge on 

underlying probability laws.



References
• Zou Z. , Kouri D. P. ,  and Aquino W. “ An adaptive local reduced basis method for solving PDEs 

with uncertain inputs and evaluating risk”, Computer Methods in Applied Mechanics and 
Engineering 345, 302-322.

• Zou Z. , Kouri D. P. , and Aquino W.  "A Locally Adapted Reduced Basis Method for Solving Risk-
Averse PDE-Constrained Optimization Problems." 2018 AIAA Non-Deterministic Approaches 
Conference. 2018.

• Ben-Tal, A. and Teboulle, M. “An Old-New Concept of Convex Risk Measures: The Optimized 
Certainty Equivalent”, Mathematical Finance, 17(3):449-476, 2007.

• Grigoriu, M. (2012). A method for solving stochastic equations by reduced order models and 
local approximations. Journal of Computational Physics, 231(19), 6495–6513.

• Kouri, Drew P., et al. "Inexact objective function evaluations in a trust-region algorithm for PDE-
constrained optimization under uncertainty." SIAM Journal on Scientific Computing 36.6 (2014): 
A3011-A3029.

• Kouri, Drew P., and Thomas M. Surowiec. "Risk-averse PDE-constrained optimization using the 
conditional value-at-risk." SIAM Journal on Optimization 26.1 (2016): 365-396

• Rockafellar, R. Tyrrell, and Stanislav Uryasev. "Optimization of conditional value-at-risk." Journal 
of risk 2 (2000): 21-42.



Adaptive Algorithm 1



Adaptive Algorithm 2



34

Basic Definitions
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Conventional Trust Region Algorithm

From Numerical Optimization,
Nocedal and Wright, Second ed.
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Numerical Example
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