




Motivation:  
Design and Control under Uncertainty
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Stochastic Formulation of Governing 
Problem
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Stochastic Formulation of Governing 
Problem
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Risk-Averse Optimization
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Conditional Value at Risk (CVaR)

Courtesy of Prof. Stan Uryasev, University of Florida.



Risk-Averse Optimization Formulation
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Risk-Averse Optimization Formulation
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Computational Challenges
• Evaluation of the objective and its gradient 

requires N solutions of the state PDE and N 
solutions of the adjoint PDE.

• Our proposed approach is two-pronged:
– Adaptive sample-based reduced basis approach 

for approximating the PDE solution (provably 
convergent).

– Inexact trust region framework that allows for 
inexact evaluations of objective and gradient 
(provably convergent).
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Sample-Based Approximations
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Local reduced basis approximation
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Sketch of Enriched Local Reduced Basis
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Adaptive Selection of Atoms
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1D Helmholtz Problem with
Two Stochastic Dimensions



1D Helmholtz Equation
Norm of the Solution in Parameter Space

c= 0.2 c= 0.01
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1D Helmholtz Equation:partition generated

Joint parameter distribution

Partitions generated with 10, 25, and 50 atoms and c=0.2
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1D Helmholtz Equation
Comparison with Sparse Grid Methods

600 PDE solves


