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Embeddable UQ Goals:
• Variance deconvolution
• NISP approach to PCE
• Sampling-based GSA method
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Develop efficient, embedded stochastic media (SM) and uncertainty quantification (UQ) Monte Carlo transport methods 
for the GPU.

GPU

SM UQ

Motivation – Next-Generation Monte Carlo Project

SM in Embeddable UQ methods:
• Notation, expressions, adaptations
• Multi-fidelity acceleration



Background – Uncertainty Quantification3



1. Initialize particle 
2. Sample distance to next collision               
3. Stream particle – boundary? collision?
4. Continue until particle is either absorbed or exits system
5. Start again with a new particle until all particles have 

finished
6. Repeat for all histories, then average quantities of interest 

Background – Monte Carlo Particle Transport

x=0 x=L

0 ≤ � ≤ � ,���� − 1 ≤ � ≤ 1

Monte Carlo Transport
Streaming 

Particle

(6)
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Theory – Estimator Statistics

• Average code response 
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Theory – Variance Deconvolution I6



Theory – Variance Deconvolution II

Parametric 
variance

Total (polluted) 
variance

Average 
Monte Carlo 

solver variance

7



Example – Problem Description

Streaming 
Particle

0 ≤ � ≤ � ,���� − 1 ≤ � ≤ 1

Table I: 1D attenuation problem parameters.
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d) Calculate

4. Calculate sample variance of solutions from Monte Carlo simulations over parameter space:

Example – Solver Algorithm 

5. Solve for the true variance over the parameter space by removing the average stochastic MC 
noise from the measured solution variance:

3. Calculate average of stochastic noise over the whole parameter space:
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Results – Attenuation Only

Figure I: 1D radiation transport problem (m=3). 25,000 
variance deconvolution repetitions.
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Results – Transmittance vs. Reflectance11

Figure II: Variance deconvolution results for transmittance (left) and reflectance (right) in a problem with 
scattering. 



Numerical Study12



Numerical Study Results – Attenuation Only13



Numerical Study Results – Transmittance vs. Reflectance14



Conclusions and Future Goals15



Questions?


