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Overview
▌Nuclear criticality-safety assessment and related issues

 Classical approach and basic tools
 Rethinking through « Computer Experiments » framework:

« Expert driven » supplemented by « Algorithm assisted» policy

▌Components to build an operational workbench
 Front-end GUI
 Grid computing engine & algorithm back-end 

▌Feedback on two years of daily use
 Adhesion vs. resiliency
 Enhancing robustness with EGO/kriging improvements 

▌Focus on stochastic optimization
 Related [R] packages
 Integration of stochastic simulator
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Nuclear criticality-safety assessment 
and related issues
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Nuclear criticality-safety assessment and related issues

Classical approach and basic tools

▌Nuclear criticality-safety
 Physics = neutron transport, chemistry, materials science
 System = industrial storage, transport cask, …
 Hypothesis = environment conditions: flooding, earthquake, overloading
 Output of interest = neutrons multiplication factor (aka k-effective),          

                       criticality means k-effective > 1.0
 Safety demonstration = k-effective not to exceed 0.95, 

in the hypothesis range

▌Assessment: modeling criticality accident risk
Expert knowledge assessment ... supplemented by numerical checking:

 Physics <- criticality simulation code
 System <- input dataset
 Hypothesis <- input dataset variables (dim<10)
 Output of interest <- (scalar) output of the code
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Nuclear criticality-safety assessment and related issues

Classical approach and basic tools

▌Parametric study for maximization of k-effective
 < 10 scalar, independent & compact parameters
 Non linear & cross effects
 (often) Several local max

▌(Mc) Monte Carlo simulation of k-effective
 One calculation point costs 10 s. to 1 h. 
 Endpoint simulation maybe:

 sd(k-effective) < input setting (say 0.00100)
 quantile(k-effective,0.999) < input setting (say 0.95000 or current max.)

▌Remote/grid calculation issue at IRSN
 ~ 80 heterogeneous CPU available
 Not (yet) parallelized code (Markov chain)



Stochastic global optimization practice in nuclear criticality safety assessment 6/44

Nuclear criticality-safety assessment and related issues

Classical approach and basic tools

▌Case study = interim storage of dry PuO2 powder, 
variables being:

 Powder loading as powder density in [0.5,4.0]
 Storage flooding as water density between cans in [0.0,1.0]
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Nuclear criticality-safety assessment and related issues

Rethinking through « Computer Experiments » framework

▌Expert-driven approach
 OaT maximization

 2 or 3 parameters 
 (supposed) penalizing value for other parameters
 1 or 2 cycles by hand ...

 Factorial DoE
 5 to 10 points / dimension 
 2 or 3 parameters
 automated task with dedicated software (including PROMETHEE)

 Case study results
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Nuclear criticality-safety assessment and related issues

▌Expert-driven approach – case study results
 OaT maximization

Rethinking through « Computer Experiments » framework
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Nuclear criticality-safety assessment and related issues

▌Expert-driven approach – case study results
 Factorial DoE

Rethinking through « Computer Experiments » framework
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Nuclear criticality-safety assessment and related issues

Rethinking through « Computer Experiments » framework

▌EGO-assisted approach
 Initial DoE

 LHS
 (cross) Bounds of parameters

 Kriging surrogate of noisy (as MC) experiments
 Maximization of Expected Improvement criterion
 Loop on Kriging/maxEI ...

 Case study results
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Nuclear criticality-safety assessment and related issues

▌EGO-assisted approach – case study results

Rethinking through « Computer Experiments » framework
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Components to build 
an operational workbench



Stochastic global optimization practice in nuclear criticality safety assessment 14/44

Components to build an operational workbench

Front-end GUI

▌End user input
 Based on ASCII input dataset of your code (application field agnostic)
 User free to insert « $parameter » or formulas anywhere in these file
 Select any DoE policy available for this input parameters / code output

 Factorial DoE, Efficient Global Optimization
 … (SA, determ. optimization, inversion, …)

▌Computing
 (blindly) Launch the grid computing workflow
 (online) Follow intermediate results (if available)

▌Analysis
 Get results 
 … and a true applicable conclusion (or a new question :)



Stochastic global optimization practice in nuclear criticality safety assessment 15/44

Components to build an operational workbench

Grid computing engine & front-end GUI
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Components to build an operational workbench

Grid computing engine & algorithm back-end 

▌Distributed computing engine
 Asynchronous, remote & parallel distribution
 Back-end daemon compatible with larger set of CPU boxes :

server, workstation, grid, cluster, ... and even Windows office desktop
 Dynamic merge of heterogeneous computing power 
 Failover

▌Algorithm back-end
 [R] (remote or local)
 Light wrapping script
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Components to build an operational workbench

Grid computing engine & algorithm back-end 
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Feedback on two years of daily use
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Feedback on two years of daily use

Adhesion vs. Resiliency

▌Resiliency of « old school » practices
 Coverage: Only 50-80% of assessment practice is covered by the 

« computer experiments » framework... 

=> Let users do whatever they want (including previous old practice)
 Quality Insurance: workflow is already mapped on existing tools...

=> The workbench have to be flexible enough to permit same level of QI
 Users: to master new concepts, the learning curve is sometimes too steep

=> Take time to explain...

▌Adhesion to this “new” assessment framework
• <at first> focus on early adopters (easier 20% of target)

• <then> capitalize on « real world » feedback, to adapt the solution

• <try to> convince wider and wider... adapt again and again...

• <finally> involve people in R&D policy
 Efficiency measure based on « real world » test cases
 Smooth (software) transition between old and new practices
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Feedback on two years of daily use

 Enhancing robustness with EGO/kriging improvements 

▌Noisy kriging
 Noise to model random Gaussian output of MC code
 Heteroscedasticity to support arbitrary « fidelity » of experiments

▌Automatic input « scaling »
 Support for input parameters transformations

log/exp/logistic emulated as local 2nd degree splines
 To be published in DiceKriging 1.2 (soon)

▌Parallel EGO
 Constant Liar heuristic
 Tunnable deepening of EGO
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Focus on stochastic optimization
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Focus on stochastic optimization

Related [R] packages

▌DiceKriging
 Ordinary / Universal kriging
 Nugget / Noise

 Kernel: 

• Exponential

• Gauss

• Power-exponential

• Matern 3/2

• Matern 5/2

Nugget effect

Noisy experiments
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Focus on stochastic optimization

Related [R] packages

▌DiceKriging
 Ordinary / Universal kriging
 Nugget / Noise
 Kernel: 

• Exponential

• Gauss

• Power-exponential

• Matern 3/2

• Matern 5/2
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Focus on stochastic optimization

▌DiceKriging
 Ordinary / Universal kriging
 Nugget / Noise
 Kernel: 

• Exponential

• Gauss

• Power-exponential

• Matern 3/2

• Matern 5/2

Exp. Gauss

Matern 3/2 Matern 5/2

Related [R] packages
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Focus on stochastic optimization

Related [R] packages

▌DiceOptim
 Expected Improvement (local) criterion

• Low cost criterion (compared to global ones)

• Maybe extended to noisy kriging
 Parallel maximization of EI based on « Constant Liar » heuristic

• min/max/mean/kriging mean/...

• Used as a tunning parameter for global/local optimization
 Integrated / Decoupled call of cost function

• Suitable for « computer experiments » framework
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Focus on stochastic optimization

Related [R] packages

▌DiceView
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Focus on stochastic optimization

 Integration of stochastic simulator

▌Controlled convergence heuristic for MC criticality code
 MC code => sd estimator of Gaussian output (k-effective) is available

(each MC sample increase, for instance)
 Code endpoint may be

• Sample size :(

• Estimator sd target

• Estimator quantile (0.999) target
 Early endpoint reached when k-effective 99.9%-quantile << 1.0

OR
 Early endpoint reached when k-effective 99.9%-quantile << current max.

▌Resource-constraint optimization using simulator fidelity
 On-line control of experiments fidelity using « Start & Stop »
 Quantile based Expected Improvement
 To be published in Technometrics 2011
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▌Promethee workbench http://www.irsn.fr/promethee 

▌Dice* kriging packages (http://dice.emse.fr/)

DiceKriging 
http://cran.r-project.org/web/packages/DiceKriging/index.html

DiceOptim 
http://cran.r-project.org/web/packages/DiceOptim/index.html 

DiceView 
http://cran.r-project.org/web/packages/DiceView/index.html 

http://www.irsn.fr/promethee
http://dice.emse.fr/
http://cran.r-project.org/web/packages/DiceKriging/index.html
http://cran.r-project.org/web/packages/DiceOptim/index.html
http://cran.r-project.org/web/packages/DiceView/index.html

	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31
	Diapo 32
	Diapo 33
	Diapo 34
	Diapo 35
	Diapo 36
	Diapo 37
	Diapo 38
	Diapo 39
	Diapo 40
	Diapo 41
	Diapo 42
	Diapo 43
	Diapo 44

