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Motivation



Uncertainty Quantification



Monte Carlo Sampling (LHS, IS)
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Surrogate Models and Sampling
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Model Problem and Approximations
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Polynomial Chaos Expansions



Variational Formulation



Discretization



Adjoint-Based A Posteriori 
Error Analysis



Adjoint-Based Error Estimation 



Differential Operators 



Steady State: No Convection 



Steady State: Strong Convection    



Time Dependent Adjoints



Adjoints for Nonlinear Operators 



Navier-Stokes: Re = 100   



A Posteriori Error Analysis for 
Polynomial Chaos Approximations



The Adjoint Operator



The Error Representation



Numerical Results



Problem Description



Contaminant Approximation: λ = (0.4,0.8) 



First Quantity of Interest at t = 0.05 



Fourth Quantity of Interest at t = 0.05 



Fifth Quantity of Interest at t = 0.05 



First Quantity of Interest at t = 0.15 



Fourth Quantity of Interest at t = 0.15 



Fifth Quantity of Interest at t = 0.15 



Effectivity of Error Estimate
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Problem Description



Approximation and PC Error at λ = 1  



Fifth Quantity of Interest at t = 0.05 



Effectivity of Error Estimate



Improved Linear Functionals for 
Parameterized Linear Systems



Parameterized Linear Systems



Error Analysis



An Improved Linear Functional



Example: Smooth Solution



Example: Discontinuous Solution
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Example: Discretized PDE
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