
  

Validation

• Standard parametric methods

• Monte-Carlo simulation

• Fisher’s method of randomization

• Bootstrap methods



  

Monte-Carlo simulation
• Postulate statistical model with some free parameters to be 

estimated from data
• Estimate model parameters from real data using standard 

methods
• Generate new data sets with estimated parameters, by 

adding to analytical model randomly generated errors with 
assumed distribution

• Repeat the estimation procedure for every newly generated 
data set

• Compute ratio of ”sucessful” (do they show same period 
etc.) realizations to get significance of the solution

• If needed, compute standard deviations for parameters using 
gathered statistics



  

Problems with Monte-Carlo

• Only small set of analytical models is available

• Model can be inadequate (real data is more 
complex than conceived)

• Generation of realizations can be very complicted 
(it is hard to model all inherent in data 
correlations)



  

Fisher’s method of randomization

• Generate data permutations
• Fit models to permuted data or perform parameter (period) search
• Compute ratio of ”sucessfull” permutations

A randomization test is based on the idea that the observed
arrangement of the data can be considered one of many possible 
arrangements, all of which are equally likely under the 
null hypothesis. Given a test statistic that is sensitive to the 
alternative hypothesis, the statistic is evaluated for
each distinguishable arrangement of the data.



  

Problems with randomization

• The number of permutations is huge even 
for the small data sets

• The subsample of permutations (if used to 
speed up computations) may be uneven

• Inherent randomness of observed data 
values is not taken into account



  

Bootstrap methods
Random sample from an unknown probability 
distribution on the real line

Observed values

Sample mean

Standard error

This is an old way, no to bootstrap!



  

Bootstrap



  

Typical distribution of time delay
estimates from bootstrap runs



  

Median filter and bootstrap



  



  

 Example: one-dimensional smoothing 

(N=50 training data)
Fit a cubic spline with 3 knots: 
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Bootstrap 
Repeat B=200 times:

- draw a dataset of N=50 with replacement from the training data zi=(xi,yi)

- fit a cubic spline 

Construct a 95% pointwise confidence interval:

At each xi compute the mean and find the 2,5% and 97,5% percentiles



  

 Compute Least Squares estimates

Normal 
prediction errors



  

Least squares  bootstrap

But bootstrap must be trusted more because of lesser amount of
preliminary assumptions!


