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Simulation Based Design under Uncertainty
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• Built upon the advancement of simulation-based engineering science 
(SBES)

• Challenges
– Uncertainty quantification of predictive models  
– Huge computational cost of high-fidelity simulations
– Incorporating various sources of uncertainties

Research Topics
• Optimal computer experiments
• Sequential sampling 
• Statistical (global) sensitivity analysis
• Variable-fidelity optimization
• Quantification of model uncertainty
• Sequential approach to probabilistic optimization
• Stochastic Multicale design



A Bayesian Treatment of Uncertainty in 
Simulation-Based Robust Design
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Quantifying the 
effects of 
simulation 
uncertainty to 
guide sampling of 
both design and 
noise variables
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Uncertainty in 
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objective due to 
lack of 
simulations
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Model Uncertainty Quantification and Validation
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Goal: Obtain prediction at untested points 

with uncertainty quantification

Prediction mean
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Challenge: 
• Identifiability of calibration and bias 

correction
• Bayesian analysis for large dimension 

problems



Stochastic Multiscale Computational Design

Sub-Microscale Model

Microscale Model

Stochastic multiscale constitutive relation ( ) ( )( ), ,t T tσ σ ε= θ

Macroscale product model

Probabilistic performance   

Probabilistic Optimization 
Robust and reliability-based design, multilevel optimization

Optimal designs of material and product
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Challenge: 
• Random field uncertainty
• Identification of critical 

lower scale uncertainty


