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An innovative sequential experimental design technique is proposed for the statistical analysis of expensive simulators with generally nonlinear outputs. The main objective is uncertainty analysis of outputs of complex computer models, such as oil reservoir simulators [5]. Such simulators usually require several hours or days for a single run, therefore direct sampling methods for uncertainty analysis (Monte Carlo) are usually impractical.

To reduce the number of necessary runs, the simulator output is approximated using different statistical regressions techniques such as low order polynomials or non-parametric regressions models based on stochastic Gaussian processes, such as kriging [3] or Bayesian approaches [2]. 

In this work we focus on non-parametric regression, which is more suited for nonlinear outputs than classical regression [4]. The objective is to build an accurate approximation of the model output as a function of its uncertain input using the least possible number of simulator runs. 

To this end, we combine non-parametric regression with a new sequential experimental design based on the statistical information provided by the stochastic process used in the approximation. 
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 is modelled as a realization of a Gaussian process 
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 with a certain mean and covariance function. The mean and the covariance are generally unknown and are usually estimated by maximizing the marginal density of the data. To model the different impact of each input on the output, the covariance function 
[image: image3.wmf])

,

(

y

x

C

 of the Gaussian process is taken as anisotropic:
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where 
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 are correlation lengths corresponding to the different inputs.

At each step of the sequential design, the correlation lengths are estimated and are used to perform adaptive domain decomposition in order to split the input domain into quasi-uncorrelated input regions. Then new experimental points to be simulated are added into each region, according to customized predictivity criteria. 

Note that the number of points used in the sequential design will depend on the complexity of the function to approximate and on the desired accuracy of the approximation. 

Several applications to standard test cases from oil reservoir simulation and also to standard analytic functions, will be presented. Comparisons are made with the well known maximin latin hypercube design showing, in all the considered test cases, a substantial improvement of the sequential design in increasing the approximation accuracy using the same number of simulations. Our customized accuracy estimation based on cross-validation, is used to find a threshold number N* after which adding simulation points do not sensibly increase the accuracy. An explanation of this behaviour, the "non-stationarity" of the response (as observed in the example shown in figure below) will be presented and discussed. 
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Example of non-stationary response surface: oil production rate as a function of two uncertain parameters (IC Fault Model)
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