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PROGRAM I, VERSION II DOCUMENTATION

General considerations:


Since much of the coding and philosophy between the original program and this version are the same, the user/reader is advised to read the J. NIRS article titled “SAS®partial least squares regression for analysis of spectroscopic data” by Reeves and Delwiche: 11 (6): 415-436 (2003), the article in N#I#R News: XX (Y): ZZ-ZZ (2004), and the documentation for the first version located on the NIRPublications Website.  This version is built on version I, but now has the following additional capabilities: The program now outputs R2 and various other error statistics for both a calibration set and an independent test set for factor selection using either the method used by SAS® PLS and/or GRAMS (More additions).  In the original, only error statistics related to how many factors to use were available.  All the statistics are also output to summary files where they can be used as input to other SAS® programs such as PROC MEANS.  2. The predicted and actual values are computed and stored in an output file for subsequent examination.  3. An option has been added for the generation of a validation sample set by specifying how many samples to select and to do so randomly or by using the last N samples in the input data set (The latter requires the user to properly configure the input data sets).  4. The entire program has been turned into a single macro which can be run as a loop with the RANDOMIZE option, thus generating and testing multiple randomly generated validation sets.  Setting the loop to one and RANDOMIZE to “NO” produces the same results as previously with or without a validation set.  If the samples have been previously divided into a validation and calibration set, the calibration samples must all precede the validation samples in the spectral and analyte input files.


One note, there are options in the SAS® PLS for randomly determining the N samples to leave out during cross-validation (in place of a one-out cross validation), e.g. randomly choose X from the calibration set (NTEST = X option) and now many iterations (Y) to do this (NITER = Y option).  This option can be seen as code marked as comments in the actual PROC PLS statement in Program I Version II.  This is not the same as the random selection of the validation set and can be implemented together with or in place of the latter.  

Generally coding of original and version II of Program I.

The vast majority of code in the original and present version of the program has remained the same and thus is not documented line by line in this documentation for the new version.  However, one minor change in the derivative MACRO was made.  In the original, end points where insufficient data existed to compute the derivative were set to zero, this has now been changed so that these spectral points are set to the last computable value.  This results in very minor differences in computed PLS results, but should be noted if comparing results to other programs or to the original version.

Specific coding additions/changes from version I include the following:

1. In the beginning of the code, a directory can be defined which allows easier access to all files (macro variable DIRECTORY).  2. Several new files need to be defined to contain the program output (OUTPUTFILE, SUMCALVALOUTFILE, SASWAYOUTFILE, VALIDATIONFILE, CALPRED, VALPRED, COMBINEDPREDICTACTUAL).  3. The name and storage location of graphics produced must be defined (NAMEOFLIBRARY, COMBINEDGRAPHS).  4. Several variables related to the generation of the test set data need to be defined (NUMCALFILES, NUMVALFILES, FIRSTVALFILE).  5. The variable “RANDOMIZE” must be set to “YES” or “NO”.  6. Code has been added to generate a validation set from the input set including the option for random creation.  7. In order to add data to an existing data file with each iteration dummy output files are created at several places.  8.  Code for computation of the new error terms and Predicted vs. Actual values has been added.  9. In order for the SAS® PLS to first compute the number of factors based on the GRAMS F-Test and then use this number to develop a calibration for the determination of new (validation or test set) samples, an external program (“CRPLSFOR.COM” is called from SAS®.  This program writes SAS® code based on the initial cross-validation results which is written to “PLSTWOAF.SAS” which is then excuted as a macro.  While admittedly crude, this allowed a quick implementation of the program and may be replaced in the future.  The “CRPLSFOR.COM” is a compiled version of a Pascal program “CRPLSFOR.PAS” which is also included on the website.  While operational, the major drawback to this method is that if options within the “PROC PLS” are changed such as the “METHOD =” (PLS, SIMPLS, PCR, RRR), then the Pascal program would also need to be changed and recompiled.  At present, it is written in version 3.0 of TURBO PASCAL, but should be easily converted to a different language (C, Fortran, etc.) or more up to date version of PASCAL as long as a .COM or .EXE file results.  10. Code for storing the various outputs in files has been added, along with code for producing and storing plots of Predicted vs. Actual values for both the calibration and validation sets.  Exact details on the location and description of the new code follow.  Some initial efforts have been made to determine if the use of the randomizing procedures can be used to determine the most robust calibration from a group of possible pre-treatments.  While some calibrations definitely show more variation in results, e.g. greater range in validation test error terms as the data is randomized, than others, no conclusions have been drawn at present.  Finally, an additional program is provided which uses the same inputs and macros, but does not perform PLS.  This program, PRINTORVIEWSPECTRAORCORRELATIONPLOTS, allows for the printing or viewing of spectra and correlation plots.

Example of output from new program:



CALIBRATION RESULTS                17:37 Sunday, November 23, 2003 755

                                                                          Number

                                                                               Of

  Obs  IDERIVAT   IFORM   IMCVS   IGAPS   Factors   SEPC    BIAS           RMSD    VSEPC   VBIAS      VRMSD    CHEMANALYTES1    OANALYTE1

    1
1ST    
STR
SAS   
32      
11  
3.47  
3.08E-14 
3.46 
3.67 
 0.152 
3.65    
0.946                   0.943

    2  
NON  
STR
SAS   
0      
12 
3.33 
1.01E-13 
3.32 
3.75 
-0.135 
3.73    
0.950                   0.940

    3  
1ST    
STR
SAS   
64      
13  
3.27 
3.58E-14 
3.26 
3.72       -0.318 
3.71    
0.952                   0.942
V prefix = Validation set, CHEMANALYTESX = Cal. R2, OANALYTEX = Val. R2.

Conclusions:


The programs have been tested, but it should be noted that not all possible combinations of pre-treatments and ordering of pre-treatments have been tested and therefore unknown problems may arise.  Finally, because of the need to pass similar file structure information between all the modules, changes made in one module may cause errors or program malfunctions the exact cause of which can be difficult to trace due both to the extension use of the SAS® Macro options and the calling of external programs during the PLS computations.


 Unless otherwise noted, the program code for Version II is the same as found in Version I although line numbers may have changed slightly.  This documentation only discusses those differences between the two programs, readers are directed to the original program documentation and J. NIRS manuscript (J. NIRS 11 (6) 415-431 (2003) for a more detailed discussion of the coding used in the original and new program.

Line #
CODE CHANGES/ADDITION AND PURPOSE
1
%MACRO RUNRANDOM - Converts the entire original program into a MACRO which allows the program to be run as a loop with random generation of calibration and validation sets as defined later.

3   
%LET DIRECTORY = - Creates a macro variable for the name of the directory in which all input and output files are located/stored.

7 
X “CD &DIRECTORY” - Changes the default SAS® directory SAS® to that specified in line 3.

21-27
Creates the output files for storage of results from the creation of separate calibration and validation files from the original input files and for storing the SAS® output.

29-30
Creates the library and output file names for storing graphic output from PROC GPLOT statements.

37
Declares how many files are to be used for calibration development (NUMCALFILES).

38
Computes the number of validation files (NUMVALFILES).

39 
Computes the location of the first validation file (FIRSTVALFILE).

41
Sets “RANDOMIZE” to “YES” for random generation of validation set from the input data set or “NO” (last n files used for validation file, Line 38).

176-208
Splits input data set into calibration and validation sets by selecting the first n samples as defined by NUMCALFILES as the calibration file and remainder as validation file.  If macro variable RANDOMIZE is set to “YES” data file is randomized before split.

178-182
Randomizes the data set, if seed for function RANUNI (Seed value) is set to other than 0, the same set is created each time which can be useful for testing purposes.

184-187
Creates calibration set from first n files.

188-191
Places remaining files into the validation set.

194-198
Creates a new validation file (VALNODATA) in which the analyte values are setting to missing.  This allows the PLS routine to eliminate these samples from the PLS calibration computations, but then to produce predicted values for the same samples using the final calibration.

199-200
Appends the VALNODATA to the calibration set for creating predicted values as defined in lines 194-198.

202
Replaces the working file (WORKFILE) with the newly created CAL data file. 

205-208
Outputs the validation set to an external file (VALIDATIONFILE).

450-539
Changes values of end points after computation of derivatives from 0.0 (Version I) to last computable value.

683
Removes the validation samples from the sample set for which multiplicative scatter correction is to be applied (FORMSC), otherwise the validation spectra would also be included in the computations.

700-701
Creates a workfile containing all the original spectra for later application of multiplicative scatter correction computed using only the calibration files.

953-968
As for above computations, eliminates the validation samples from the computations for mean centering and variance scaling.

1057-1967
Creates a dummy data set for storage of predicted and actual values computed during the PLS routines which follow.

1075, 1083

and 1091
Removal of /* and */ causes SAS® to select 10 samples (NTEST) to be left out for cross-validation and this to be performed for 100 iterations (NITER).  CV = ONE then needs to be commented out or removed.  Values for NITER and NTEST can be any value from 1 to (NUMCALFILES - 1).

1101-1190
Computes R2 for Predicted vs. Actuals for calibration and validation sets using PLS calibration based on factor selection by SAS® method (See J. NIRS article for details).  Note this is the only new error term computed for this manner of factor selection at this time.

1307-1323
Takes the results from the PLS calibrations based on factor selection using the GRAMS F-test procedure (See J. NIRS article for details) and creates a data set (NUMBEROFFACTORS) containing the math pre-treatments used and the number of factors selected for each.  This data set is then output to the file “LIST.TXT” which is read as input by the program defined in line 1333.

1332
Eliminates need for user input to continue computations.

1333
Executes Pascal file “CRPLSFOR.COM” which creates SAS® macro code based on details provided in file “LIST.TXT” and outputs resulting code into file “PLSTWOAF.SAS”.

1335
Resets SASAUTOS to default value.

1338
Loads SAS® statements previous created into the program.

1340-1356
Dummy data set for storage of statistical computations listed.

1360
Executes SAS® macro PLSTWOAF created as result of execution of Pascal program at  line 1333.

1363
Removes dummy variables which have missing values.

1367
Prints all computed results to SAS® output window.

1371-1380
Merges data set containing number of factors with computed results and outputs to screen.

1384-1386
Removes dummy variables which have missing values.

1388-1394
Outputs all computed values to file &SUMCALVALOUTFILE.

1396-1408
Sorts file PREDICTACTUAL and outputs separate files for the calibration and validation data.  Note, the output file will be overwritten with each loop of RUNRANDOM as presently written.

1418
Diverts the SAS® LOG output to a file, otherwise the LOG window can fill and program execution stops until the window is cleared by the user.

1426-1440
Creates two partial CFL files for use by GRAMS, again these are overwritten with each iteration.  Note, additional information is needed for use by GRAMS as CFL files.

1456-1459
Resets NUMFILES to the number (NUMCALFILES) to be used by the PLS macro.

1466-1468
Sorts data set PREDICTACTUAL
1470-1472
Stores the predicted and actual values in a permanent file.

1475
Defines where to place the graphs created in the lines which follow.

1478-1482
Plots Predicted vs. Actual values for the GRAMS based computations.  Note, at this time, the same is not done for results based on the SAS® method for factor determination.

1485
End of macro RUNRANDOM. 

1486
Returns output to screen rather than file defined at line1418, otherwise all output and not just the SAS® LOG would be diverted to file defined at line 1418.

1489-1493
Defines macro RUNMANY containing loop for determining how iterations of RUNRANDOM are executed.

1495-1496
Executes macro RUNMANY.

PRINTORVIEWSPECTRAORCORRELATIONPLOTS Program
      Coding not including the new print/view macros is basically the same as the new version of Program I described above with the exception that the ability to randomly generate validation sets and to loop the program has been removed since the objective is to examine spectra and correlation plots only.  In addition, the PLS macro has been removed.  If any of the above features are desired, it should be relatively easy for the user to compare the differences between the two new programs and make appropriate alterations.  There are five new Macros:

PRINTCORRELATIONPLOTS - lines 1053 to 1129


This macro computes and produces graphs showing the correlation (r) between each spectral wavelength and the analyte in question.  Graphs of R2 are also produced.  The only difference between this macro and the VIEWCORRELATIONPLOTS macro is the width of the lines used so that the graphs produced are of printable quality.

PRINTSPECTRALPLOTS - lines 1132 to 1196


This macro produces plots of absorbance vs. spectral wavelength.  A graph for each spectrum and one of all spectra on one overlapping graph are produced.  Again this macro produces printable quality graphs by adjusting the line widths used.

VIEWCORRELATIONPLOTS - lines 1199 to 1273


Produces the same output as the PRINTCORRELATIONPLOTS except the line width is adjusted for viewing on a computer monitor.

VIEWSPECTRALPLOTS - lines 1276 to 1341


Produces same output as the print version but adjusted for viewing on a computer monitor.

PRINTLIMITEDSPECTRALPLOTS - lines 1343 to 1393


This macro requires that the exact spectrum to be plotted is specified in lines 1423 to 1425, thus allowing one specific graph to be produced.


Because of the way the data is structure, SAS® treats all the input spectral data as one continuous spectrum which resulted in the first and last points of successuve spectra to be connected by straight lines when more than one spectrum is being plotted.  To eliminate this, the 1st and last spectral points have been set to missing “.” in the spectral view and print modules, e.g. code at lines 1134-1135 and elsewhere.  


While the user is referred to the SAS® manuals for the general graphics code used, a few comments specific to this implementation need to be covered.  First, as written the labels for the X axis are in wavelength space and would need to be changed in some instances, e.g., line 1104 and elsewhere.  Also, it is possible that for other monitors or printers the line widths (e.g., lines 1105-1107 and elsewhere) might need to be changed for optimal output esthetics.

