Notes on FineMix

Purpose: FineMix is an application that fits a Bayesian finite mixture model to a univariate sample 
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 of size n. The method uses importance sampling to estimate posterior probabilities and is described in Cheng and Currie (2013). The implementation is in compiled C-code, which is accessed using an Excel interface.
    For comparison, the interface can also be used to run the Reversible Jump Markov Chain Monte Carlo (RJMCMC) method of analysing a finite mixture model with normal components as described by Richardson and Green (1997) and implemented as a compiled Fortran application Nmix.exe. 
Statistical model fitted: The observations yi, i = 1, 2,…, n,  are assumed to be a random sample from the continuous distribution with PDF
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= SD of jth component distribution
wj =  weight of jth component  (
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Parameters:  k,
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 all assumed unknown.
Base densities: The following implemented using the IS method of analysis proposed by Cheng and Currie (2013) are:




normal

lognormal

extreme value (EV)

negative extreme value (NEV),
Weibull,

gamma,

inverse Gaussian (IG)
Fitting Method: Two are available.

(i) The Maximum Posterior Probability (MPP) parameter estimation method followed by importance sampling (IS) of the posterior distribution described by Cheng and Currie (2013). This carries out a preliminary estimation of the parameters 
[image: image10.wmf],

,

,

1

1

1

w

s

m

 
[image: image11.wmf],

,

,

2

2

2

w

s

m

 …, 
[image: image12.wmf],

,

,

k

k

k

w

s

m

 conditional on k, for k = 1, 2, ..., kmax, where kmax is a user selected value. For each k, the estimates are obtained by numerically maximizing the posterior probability of the sample conditional on the given k. These are called the Maximum Posterior Probability (MPP) estimates. These estimates are utilized to carry out an estimation of the full posterior probability, now including k as a parameter, using IS.

   For convenience we shall refer to this combined MPP/IS method simply as the IS method..

(ii) The reversible jump Markov chain Monte-Carlo (RJMCMC) method described by Richardson and Green (1997) using the Nmix implementation available at http://www.stats.bris.ac.uk/~peter/Nmix/.  This method only fits the normal finite mixture model i.e. with the normal distribution as base density.
   For convenience we shall refer to this method as simply the MC method.
The FineMix application: The total application is in a single folder, the FineMix folder, holding the Excel workbook interface, a User Guide, and a subfolder: 

FineMix Folder: 

FineMix.xls – Excel workbook interface


FineMix UserGuide.pdf


RunsFolder :

Tmain.exe
–  A compiled C-code application for calculating the
   MPP estimates using numerical optimization by
   Nelder-Mead search. 


Impmain.exe
–  A compiled C-code application for carrying out the
   IS estimation of the full posterior probability
   distribution. 


Nmix.exe
–  A compiled Fortran implementation of the RJMCMC

    method.


Jmain.exe
–  A compiled C-code utility that copies histograms of

    the PDFs of the component parameters from data

    files held in text files into the FineMix workbook

    interface.


Tmain2.exe
–  A compiled C-code utility that calculates CDF/PDF

    values of the component and full mixture

    distributions using estimated parameter values.


FolderList.exe –  A compiled C-code utility that displays all the folders




    containing results of analysis of particular datasets.



Data1Folder
–  results of the analysis of a particular dataset


Data2Folder
–  results of the analysis of a particular dataset



….........
The main analysis is carried out by the .exe applications held in the RunsFolder, but these are all called and controlled from the Excel workbook interface, FineMix.xls. These applications output results in DOS text files placed in a Datafolder with the same name as the name of the datafile being analyzed. There is therefore a Datafolder for each data set. The results of any Datafolder can be read into the workbook for examination, which also produces graphical displays.

   The user only needs to use the interface to carry out an analysis of a dataset using either the IS or the MC method, or to view the results of a previous analysis.

Notes:
1. FineMix.xls and the Runsfolder containing the six DOS .exe applications and DataFolders must always be in the same folder.
2. All model fitting and examination of results can be done using the Excel interface.

3. The “Main” worksheet contains two buttons, <1> and <2>, for carrying out an analysis of a dataset using the IS method, and one button, <3>, for carrying out an analysis using the MC method.

    The results of different data files analyzed are held in different Datafolders which are automatically created by the workbook.

    Each of the buttons <1>, <2> and <3> has a companion button, <1a>, <2a> and <3a>, for copying the results of a DataFolder to the workbook.
4. The buttons <1>, <2>, <3>, which carry out the analyses proper, require the sample size, n, and observations: y1, y2, …, yn to be held in the “Data” worksheet in the positions stipulated in the “Main” worksheet (repeated in the “Data” sheet).

    Each data set must have a distinct name.
    To avoid inadvertent incorrect selection of the wrong data set for analysis, the name of the data file to be analysed has to be entered into both the “Main” and well as “Data” worksheet.
    A Brief User Guide, displayable in the “Main” worksheet, describes where to put the data to be analysed, and summarises how to use the buttons.
5. The Runsfolder also contains folders Data1folder, Data2folder, etc.. each of which contains the text files of results generated when analysing a particular data set using either the IS method or the MC method. The results of an analysis using the IS method remain unaltered unless the same dataset is re-analysed using the IS method, when they are overwritten. Similarly the results of an analysis using the MC method remain unaltered unless the same dataset is re-analysed using the MC method, when they are overwritten.
    Note that the results of an analysis using the IS method are kept separate from those of an analysis using the MC method, so that the results of an analysis using the IS method do not overwrite those of an analysis using the MC method, and vice versa.

    A Data Folder is automatically created when a data set is first analysed and the folder is given the same name as the data set.

6. The first part of an analysis using the IS method is carried out by clicking <1>.

   This produces the Maximum Posterior Probability (MPP) estimates, conditional on k, the number of components, for k = 1, 2, ... , kmax, where kmax is user selected.
   Clicking <1a> copies these estimates to the “Parameter_Estimates” worksheet. These results are only preliminary, but the <1a> enables an initial view of the MPP estimates before the full analysis involving IS is completed. 

7. The second part of an analysis using the IS method is carried out by clicking <2>.

   This carries out the actual importance sampling part of the (full) IS method to estimate the posterior distribution. Part of the output of this analysis comprises the point component parameter estimates conditional on each k, obtained by averaging the values of each parameter over all the observations.
   Clicking <2a> copies these IS (point) estimates, as well as the MPP estimates to the “Parameter_Estimates” worksheet.
   Clicking <2a> also copies the Akaike Information Criterion (C-version) and Bayesian Information Criterion values corresponding to each k into the “Parameter_Estimates” worksheet.
   The “Parameter_Estimates” worksheet itself has two buttons: one for calculating the CDF/PDFs of all the fitted individual component distributions and the overall fitted mixture distribution and the other button for plotting the CDF/PDF charts for a selected k.
8. Clicking Button <2> also produces an estimate of the posterior distribution of k.
   Clicking <2a> copies this distribution to the  “Posterior_Distribution_of_K” worksheet where it is automatically charted.

9. Clicking Button <2> also produces estimates of the posterior distribution of all the component parameters conditional on k.
    Clicking <2a> copies frequency histograms estimating these distributions into the “Parameter_Histograms” worksheet.
    A button in this work sheet produces graphs of the histograms of the posterior frequency distribution of each of the component parameters for any selected k.

10. Clicking <3> produces an analysis using the MC method giving the same results as described in paragraphs 6 to 9 for the IS method, only now for the MC method. Clicking the <3a> button copies these results into the same three worksheets as in the IS case, i.e. (i) “Parameter_Estimates”, (ii) “Posterior_Distribution_of_K” and (iii) “Parameter_Histograms”, where they are displayed in the same way as the results of the IS analysis.
    Note that the results displayed in these spreadsheet therefore depend on whether <1a/2a> or <3a> was last clicked.

11. Clicking <3>  also produces estimates of the overall mixture densities conditional on each k. These density estimates are obtained by averaging the densities obtained at each step of the MCMC run, conditional on k.

    Clicking <3a> copies these density estimates to the “MCMC_Density_Fits” worksheet. A button in this worksheet produces plots of these densities.

12. There only needs to be one copy of FineMix.xls. Different data sets can be placed in the “Data” worksheet and then analyzed, with the results of each being automatically placed in its own DataFolder.
     The results in any DataFolder can be recovered using the buttons <1a>, <2a>, <3a>  by specifying the name of the datafile in the “Main” worksheet in the cell indicated in the worksheet.
    It is of course possible to retain separate FineMix.xls workbooks each with its own dataset and containing the results for that data set.    
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