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CSDL Project

 Consortium

 28 partners : 20 industrial partners (end users and techno providers), 8 
Research Institutes and universities

 3 year project (started in sept. 2009), 18M€ budget (40% supported by French 
government (Industry) )

 Technical challenges :

 Manage a hierarchy of interoperable surrogate models

 Evaluate robustness of a design with respect to risks and uncertainties

 Exploration techniques adapted to the different level of fidelity of the models

 Develop a methodology to analyze the design process of complex systems

 Develop interactive visualization tools to support decision making



© Systematic 2010GDR MASCOT-NUM 23/03/2012

Industrial Use Cases

Objective : Provide actual design processes
 To illustrate the dataflow and workflow

 To support the development of methodologies to better manage the design of 
complex systems

 To give R&D directions

 To monitor and validate the software integration

 To specify the HPC needs to carry out such designs

5 industrial use cases
 Aircraft Environmental Control System

 Thermal car engine

 Electrical car engine

 Catalytic exhaust 

 Stato reactor inlet
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Key Elements in this problem

 Coupling between physical and system simulations 

 Surrogate models

 Design of parts of ECS

 Optimization methods

 Sensitivity Analysis

 Uncertainties propagation (robust design)

 Process

 Integration of the different elements in a workflow to explore efficiently 
the design space. 

 Synthesis of results

 Interactive Visualization to support decision making
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DOE using Kring MSE
True Surface Adapted sampling (30 points)

Points on the border of the domain

Sampling convergence (mse)

Sampling convergence (rms)

Error space filling sampling (30 points)
Error adapted sampling (30 points)

Adaptive sampling reduces interpolation error for given computationnal budget

Adaptive sampling is a sequential process

Extension to multiple objectives: work in progress
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DOE: Reduction of dimension

Problem : Black Box with 15 inputs and 3 outputs
Find the relevant parameters for each output to 
Construct a surrogate model

Algo: 
1. Build a coarse surrogate
2. ANOVA with coarse surrogate (Sobol)
3. Perfom fine DOE on relevant inputs
4. Build surrogate on the reduced space
5. Estimate error using coarse DOE

Sobol analysis using coarse surrogate

Inputs not relevant for this response

Subset of relevant inputs

Comparison actual value / predicted value
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Self Organizing Maps
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From Static to Dynamic

 Use surrogate models
 RBF

 Krigging

 Surrogate models :
 Interactive "dynamic" analysis

 Explore the design space

Analysis of variance
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Interactive visualization
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Feasible
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Filter
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Shortcomings
 Surrogate models

 Black box approach reaches its limits

 Curse of dimensionality

 Difficulty to have error estimates

 Progress being made with intrusive models (but still open for compressible flows)

 DOE

 Dimensionality reduction ….

 “optimal sampling” for multiple outputs

 Difficult to explore a constraint domain : many expensive evaluation are wasted : 
need to be able to “orientate” the DOE

 Optimization

 Multiple objective optimization with expensive objectives / constraints evaluation 
still a challenge

 Robust optimization (OOU far from being an every day tool)

 Some ideas have emerged for probabilistic constraints (but mono objective)

 Visualization

 Intuitive representation of uncertain values
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Conclusion

 Real progresses have been made

 CSDL benefits a LOT from previous projects (OPUS, etc…)

 Real life problems are necessary to stress the new methods

 Unique collaborative action

 Results being integrated in commercial softwares

 …. But this should be a considered as a beginning

 Real scientific challenges have to be tackled

 Support from scientific community  indispensable
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Thank you for your 
attention !

 Questions ?

For more information: 
www.systematic-paris-
region.org

The cluster and its projects are sponsored by:


