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odels in the laboratory to describe, visualize, and predict
field.  Contemporary examples are virtual reality trainers
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lation is both older and more general than computer
 models of gears and irrigation systems are simulation
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tion models discussed here.  
 is an artificial data generation process, driven by model
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ic data.  Stated in these terms, simulation modeling is a
l tools and methods.  Further, the emphasis on judging
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asis in statistics on nonparametric and empirical process
ransparent to any statistician, but are not universally
ibration is treated as a computational problem in which
quently, simulation exercises may fail to take advantage
r controlling simulation error and producing statistically
e basic statistical features of simulation models, and

be made consistent with sound statistical inference.  The
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odeling.  I will outline results on several topics, and use
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s is that there is a large domain of applied science, often
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1. Through the elementary example of computation of goodness of fit statistics and minimum
chi-square estimation, I introduce the basic issue of accumulation of numerical approximation errors
in statistical data processing, and illustrate how ancillary randomization can be used to control error
accumulation.  In contrast to conventional applications of numerical analysis methods where one
wants to approximate a single intractable expression as closely as possible, statistical numerical
analysis often seeks to approximate averages of intractable expressions.  In the latter case, a “less
is more” rule may apply, with inaccurate but unbiased approximations of individual terms leading
via a law of large numbers to accurate approximations of averages.

2.  A commonly used calibration method for simulation models is to draw a sample from a
modeled data generation process (DGP), and then adjust trial parameter values for this process until
the simulated sample resembles a real sample.  Closeness may be judged in terms of moments or
other sample features, such as parameter estimates in a simple, but not necessarily correctly
specified, model.  The statistical properties of calibration can be developed by recognizing that
simulated samples drawn from the modeled DGP form an empirical process indexed by the model
parameters.  When the calibration process can be interpreted as generalized method of moments
estimation of the model parameters,  I outline an elementary argument for the large-sample
properties of calibration estimators, and use the framework of this argument to make two points.
First, if calibration is to have satisfactory statistical properties, it is essential that the simulated
sample empirical process be stochastically equicontinuous.  This can be achieved through some
simple rules for sampling from the modeled DGP that avoid chatter as trial parameters vary.  Second,
estimation error arising from the simulation process is similar to that arising from real data noise,
and is subject to the same statistical treatment, such as control of noise in simulation sample
averages through laws of large numbers.  The approach is illustrated by the use of mixed
multinomial logit models to describe economic choice behavior.

3. Goodness of Fit tests and Minimum Chi-Square estimators are traditional tools of applied
statistics, applicable when responses are discrete or can be partitioned into categories.  By refining
the partition with sample size and using simulation methods to approximate cell probabilities, these
tools provide a practical route to statistical inference that is asymptotically efficient for regular
parametric problems, well-behaved for many non-regular problems, and adaptable via the method
of sieves to non-parametric estimation.  
  

4.  There are many common features and tools in simulation modeling and the use of
resampling methods to infer population features.  A non-parametric test for second-degree stochastic
dominance among stock portfolios illustrates the use of simulation methods to form a test statistic
and to approximate its distribution under the null or local alternatives.


