Response-Modeling Approach to Computer Experimental Design

We have developed a response-modeling approach to experimental design for large-scale computational analysis.  The intent of this approach is to support scientific codes in an efficient utilization of computational resources through selection of informative inputs for simulation runs.  Determining appropriate input levels for simulation-based analyses poses new challenges in the statistical, scientific and engineering communities.  These analyses can address a number of general objectives such as prediction, optimization, reliability or safety assessment and are likely to differ greatly in their more specific objectives.  They typically involve a wide range of inputs specifying environmental factors, system parameters and initial and boundary conditions.  The response-modeling approach provides an algorithmic means of selecting informative inputs that has the flexibility to accommodate this range of possible objectives and can operate when faced with the high dimensionality and other complexities of large-scale computer analyses.  First, computational outputs are used to build a probabilistic model of the system response.  This probability measure is used first to evaluate the performance characteristics of the system.  The precision with which performance can be evaluated is used as a metric quantifying information essential to the goals of the analyses.  Next, candidate designs, selected through an evolutionary algorithm, are compared in terms of their potential increase to precision in performance estimation.  Their potential is evaluated based on likely results as prescribed through the probability measure.  This process leads to an optimal (in terms of this potential-information criterion) set of input locations for further computational analyses.  The algorithm is illustrated in Figure 1.

We have demonstrated the approach through several applications.  Figure 2 shows how  the response model was linked to a simple electrical code to simulate responses and evaluate the performance of an explosive firing set.   The approach was used to determine where (in the relevant input space) further simulations should be performed to identify possible aging related problems with the component. This research was supported through the DOE/MICS  (SC-31)  Program for Predictability of Complex Phenomenon.   For further information contact Brian Rutherford, Sandia National Laboratories, bmruthe@sandia.gov
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Figure 1.   Flow Diagram for the Response -Modeling Approach.  The ensembles of multiple discrete response surfaces represent the approximate probabilistic models.  This measure is used to evaluate the performance criterion as indicated by the red arrows.  It is also used to provide hypothetical results for analysis of design information as indicated by the blue arrow.[image: image2.png]Computational
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Figure 2.   An Application of the Response- Modeling Approach.  The statistical response model is linked to a capacitance discharge unit computer code to evaluate the information potential of six factor candidate designs.  The performance criteria for this analysis are various functions of a output current pulse.







