PLS PROGRAM DOCUMENTATION

General Considerations and History of SAS® PLS programs


This program has been developed as a modification of a SAS® program for quantitative analysis using Partial Least Squares (PLS) and available at  http://www.nirpublications.com/software/index.html.1,2 It should be noted that it has recently come to our attention that due to the DOS calls in both the original program and this new program, the programs will not operate as written under Unix based operating systems. That program implemented multiplicative scatter correction,3 derivatives and other data pre-treatments of spectral data for use with SAS®. However, that program was designed to use in the form of PLS1 (Development of differing factors for each different analyte) and also, SAS® PLS will not accept non-numeric variables as input data for either X or Y variables.  While the program code for the spectral pre-treatments remained essentially the same for both original program, an update (Version II) and this version designed specifically for discriminant analysis, extensive changes were needed to other parts of the program in order to implement discriminant analysis based on PLS2 (Common set of factors for all variables being discriminated). At the time of the publication Version II of the original program, several additional macros were added for viewing and printing of spectra and correlation plots. The code for these macros has also remained essentially unchanged. The only change is these macros and in the others which remained essentially the same was to place a “FORCE” option on all file “APPEND” commands. This avoids problems do to the same variable having different name lengths.
Code sources for earlier programs

Version I – Under ZIP File of Programs (1767 KB) = SAS_PLS.ZIP


ALLNIR.SPC = Test spectral data



CHEMS.PRN = Test analyte data

PROGRAMONEDOCUMENTATION.WPD.WPD = Documentation

SASPROGAMONE.SAS = SAS Program

SAVGOLGAP.PRN = Tables for  SEQ CHAPTER \h \r 1Savitsky-Golay derivatives
Please note that a file named CRPLSFOR.COM and the non-compiled version CRPLSFOR.PAS is missing from SAS_PLS.ZIP, but can be obtained from the ZIP file noted below. This file is needed to run the PLS program above.


Version II – Under ZIP File of Updated Programs and Documentation (53 KB) = SAS_PLS2.ZIP


CRPLSFOR.COM = Creates SAS code for final calibrations

CRPLSFOR.PAS = Non-compiled program

PRINTORVIEWSPECTRAORCORRELATIONPLOTS6.SAS = Updated program with spectral and correlations plots, but without random run feature.

RUNRANDOMVER6.SAS = Updated PLS program for quantitative analysis, but without spectral and correlations plots

SAVGOLGAP.PRN = Tables for  SEQ CHAPTER \h \r 1Savitsky-Golay derivatives

VERIIDOCUMENTATION.DOC 


The file CRPLSFOR and a new file called RECODPLS (Will not work under Unix as presently compiled) for the DISCRIM program are Pascal files which are needed to create the SAS code for running the final calibrations once the number of factors have been determined using the F-test described in reference 1,2 and 4. There are many options for running PLS in SAS which if used would require re-writing of the Pascal file and re-compiling. The original files were compiled using Turbo Pascal Version 3.01a, a program from the 80’s, but any compiler can be used. A free compiler “Bloodshed Dev-Pascal” distributed under the GNU General Public License and available at the website http://www.bloodshed.net/devpascal.html was used to create an “.exe. file for this program and can be used to re-compile either program if changes are made or efforts are made to use this program under Unix. Changing this program will be discussed later when the Macro for implementing PLS discriminant analysis is covered. Similar considerations would apply to the original non-discriminant analysis programs above.
Coding changes for discriminant program versus non-discriminant version

Line numbers refer to new program for discriminant analysis.
Line #
Code changes 
1-2
ITERATION is declared as a global variable in order to be accessible by the data summary macros used to summarize multiple runs of the program each run with unique assignment of samples into the calibration and validation sets.

3
Sets number of times to run program using random assignment of samples into calibration and validation sets.

16 FIRSTCLASS and LASTCLASS declared to be global as with ITERATION 
17-18 FIRSTCLASS and LASTCLASS provide the analytes for which discriminant analysis will be carried out, e.g. 23 analytes are read in as X variables, but these are for different parameters, e.g. 1-5 are different forages, 6-8 are for 3 different fertilization rates and 9-23 are forage X fertilization rate. Discriminant analysis can then be carried out for any of the three different parameters just by changing these two inputs, Forage: FIRSTCLASS = 1, LASTCLASS = 5; Fertilizer level: FIRSTCLASS = 6, LASTCLASS = 8; Forage X Fertilizer: FIRSTCLASS = 9, LASTCLASS = 23. This avoids the need to create new input files for the X variables for each discriminant effort. 
22
“SUFFIX” has been changed to “RUNSPEC” to keep track of different runs.  Also note that the value of the loop control variable “QQ” is now attached to all the output file names so that different files are created for each iteration.
45-53
These lines output the output and log screens to the files specified, thus avoiding buffer overloads with long runs. If this occurs, the program stops until the screens are saved or cleared. 
56-57
By changing these two lines, many of the settings for running the SAS can now be changed without the need to change the code in the PLS Macro and the RECODPLS.PAS program.  These includes settings for cross validation (one out, block, etc.) and algorithm used (PLS, PCR, RRR or SIMPLS). 
59-63
Sets axis’s limits for plotting spectra, must be changed to match spectral range in use.

66-71
Determines if data file to be randomized prior to PLS. If a pre-determined split into calibration and validation sets is desired, set both to “NO” and order analyte and spectral files in input files so that all calibration samples come first, followed by the validation samples and set NUMCALFILES to desired value.

99
GLOBAL declaration of files containing all the output statistics from total ITERATIONS of the program (NAMEALLSUMCALVAL) and predicted and actual values for each analyte for each sample (NAMEALLPREDICTACTUAL).

100-113
Files names have been extended to include more information on the specific run or loop iteration which generated them.

102
Creates file NAMEALLSUMCALVAL to hold totality of results from combining those from each ITERATION of the program as previously described.
108
Creates file NAMEALLPREDICTACTUAL to hold totality of results from combining those from each ITERATION as above.

119-120
The IDLABEL has been added as an additional label to be used in the output files.  Note the input file containing the analyte values differs from the format used in the previous PLS programs due to this addition.
125-166 This section creates a file containing all the input settings for the specific program run and prints this out allowing the output to be checked to be sure the proper settings were used.
170-595
These lines contain 5 Macros for inputting spectral files into the program. GETSPECONE and GETSPECTWO read GRAMS multifiles.  Slight variations in the multifiles produced by different version of GRAMS software have been found and thus the need for two versions. The user will often simply need to try one or the other to determine which is needed. The code for GETSPECONE is the same as in the original GETSPEC Macro in the earlier programs, while slight changes have been made to accommodate changes found in some of the newest GRAMS multifiles.  It should be noted that there are reports of even more versions of GRAMS multifiles being produced which these programs may not read.  GETSPECTHREE reads an ISI NIR file. Finally the Macro “ALTERNATEINPUTI” reads a permanent SAS file containing both the spectra and analyte data for the grain data set used in testing this program. Note that when this is used, the Macro “GETCHEM” is not used to input the analyte values. “ALTERNATEINPUTII” reads in and combines and creates calibration and validation sets from several permanent SAS data sets in a manner similar to “ALTERNATEINPUTI”.  For I, the data set contains 3600 samples with 4 classes and 118 spectral data points, for II, there are 512 samples in each set with 4 classes and 118 spectral data points. 
601-1855
The following Macros are the same as in the original programs with the exception noted earlier about added the “FORCE” option to file appends.

603
GETCHEM – Input analyte data.  As previously noted, this file varies from previous PLS programs, each line now contains the File id followed by an IDLABEL which provides a name for the class to which the sample belongs, e.g. which of several possible forage species. 
671
OVERHEAD – Prepares “WORKFILE” containing the spectral and analyte data for use with subsequent macros.

709
GAPSDERIVATIVES – Performs Savisty-Golay5 and/or first and second degree gap derivatives. As presently coded, it is assumed that the gap derivatives will always be done and the Savitzky-Golay option is set to “YES” or “NON” on line 87. If neither is desired, then remove the “%GAPDERIVATIVES” command at line 2260. If only the Savitzky-Golay derivatives are desired change the settings for the gap derivatives in lines 78 to 83 to limit those tested. Complete elimination may cause errors.

850
DERIVATIVES – Code for first and second degree gap derivatives as described above.

1045
SKIPAVER – Allows data points to be averaged or skipped.

1126
MSCSNV – Performs multiplicative scatter correction,3 standard normal variate correction and detrend6 depending on program selections at lines 88-90.
1394
MEANCENTERVARSCALED – Performs mean centering and variance scaled as selected at line 91.

1495
PREPAREFORPLS – Final “WORKFILE” cleanup and preparation.

1512
PRINTCORRELATIONPLOTS – Creates plots suitable for printing of correlations plots of analytes versus spectral data. If the program is set to run more than once by the “RUNRANDOM” option and this or similar plotting Macros are within the “RUNRANDOM” then they will be ran with each random data set split (Calibration and Test set splitting). See documentation with updated PLS program previously discussed for this and other view or print  plot macros
1591
PRINTSPECTRALPLOTS – Creates plots suitable for printing of all spectral data as individual plots and all spectra as one plot.

1658
VIEWCORRELATIONPLOTS – Same as print version except line widths and fonts are set for viewing on a computer screen. Printing these will result in plots with lines and fonts unsuitable for viewing.
1735
VIEWSPECTRALPLOTS – As above, but for viewing spectral plots.

1802
PRINTLIMITEDSPECTRALPLOTS – Reads a limited dataset as defined by the user in file “DATA LIMITED”. 


Example:


DATA LIMITED; SET WORKFILE;


IF ID = &FIRSTFILE;


RUN;


%PRINTLIMITEDSPECTRALPLOTS


RUN;


This example would print all versions of a single file, the first file in the dataset, e.g. derivatized, scatter corrected, etc.
New PLS Macro for performing discriminant analysis

1859-2229 This is the new Macro for doing discriminant, lines different from  previous program versions are described below.
1861-1874 The dummy file format needed has been altered to include the “IDLABLEL” and the fact that more than one analyte (Lines 1870 to 1873) is being analyzed at the same time (PLS2 for discriminant versus PLS1 for quantitative analysis. Also, the “DO LOOP” in the previous programs for performing PLS on each analyte one by one (PLS1) has been removed as PLS2 is not used.
1883, 91, 99 
METHOD = &METHOD  and CV = &CV added as easy way to change the calibration and cross validation methods used.

1885, 93, 01*
Model statement changed to reflect PLS2 where several analytes (CHEMANALYTES&FIRSTCLASS to CHEMANALYTES&LASTCLASS) are modeled simultaneously. 
                
*1901

1886, 94, 02*
Output to results file changed to include predicted values for all analytes modeled (CHEMANALYTES&FIRSTCLASS to CHEMANALYTES&LASTCLASS) resulted in predicted analytes (P_CHEMANALYTES&FIRSTCLASS to P_CHEMANALYTES&LASTCLASS). 


*1902
1912 “IDLABEL” added to file structure

1920
Removes empty (dummy) dataset from output data file.

1930
DO LOOP added to code in order to compute the results for each analyte. In the early PLS programs, this loop was not needed as each analyte was handled one by one and the looping was done before the PLS was carried out as discussed above for lines 1861-1874. The subsequent coding is basically the same as in the original programs with the exception that now each analyte is examined within this DO loop.
1932-1950
Creates dummy data set to handle output. Note the “DO LOOP” at lines 1947 to 1950 which is needed to create the dummy variables for discrimination, no such loop was needed as, as previously discussed, each analyte is handled separately in the original PLS programs in order to perform analysis using PLS2.
1953-2135
Basically the same as in the earlier programs with the exception that the analytes are now indexed as macro variables ranging from FIRSTCLASS to LASTCLASS in order to process all analytes involved in the discrimination.
2137
External program for creating final SAS PLS code based on number of factors selecting using the GRAMS F-test is now “RECODPLS”. This replaces “CRPLSFOR” used in the original program. This program is written in Pascal and the code is available in the file named “RECODPLS.PAS” as described earlier in the section “General Considerations and History of SAS® PLS programs”. The code created is identical to that in lines 1882 -1904 with the exception that the number of factors is set by the command “NFAC = X” where X is the number of factors determined by the F-test1,2,4 results from the PLS results obtained in Lines 1882-1904. As with the original programs, PLS results are compiled using 1 to 15 factors and then the F-test is used to determine the optimal number of factors without over-fitting.
2139-2229
Code essentially the same as in earlier programs with exception of need to handle multiple variables as described above. 
2233-2236
Input macros when using Forage test data set provided.  Spectra in file “All241.SPC” and analyte data in file “ALL241.PRN”. %GETSPECONE would be changed to alternatives if spectral files were in different GRAMS format or were in an ISI file7 as previously described for code lines 158-439.
2238
Input macro when using GRAIN test data set provided.  Spectra and analyte data in single permanent SAS® dataset in file “STEVESDATA.SAS7BDAT”, thus macro “%GETCHEM” is not needed.  Four classes and 118 spectral points with 3600 samples. 
2244-2256
Code for creation of “CFL” calibration and validation sets, for use with GRAMS.

2258-2269
Running of macros for data pretreatments and PLS as in all previous programs.  

2290-2313
Combine the calibration and validation results into one final file and output to the hard drive for storage.
2318-2322
Resets “NUMFILES” to correct value for multiply runs of PLS macro as shown in lines 2324 to 2396, otherwise “NUMCALFILES” will be used to compute F-statistics.


Note if PCR is not desired lines 2324 to 2263 should be commented out, if RRR not desired comment out lines 2364 to 2395. Lines 2286 to 2362 can be commented out to eliminate running of PLS.  

2324-2327
Sets method to “PCR”, data then processed using PCR instead of PLS, allows direct comparison of two algorithms on same randomly split data set  (Calibration and Validation files). PLS macro and subsequent file construction for PCR carried out.
2329-2363
Stores output from PCR run as done for PLS previously.
2364-2367
Sets method to “RRR” (Reduced Rank Regression) as above for PCR.

2329-2363
Stores output from RRR run as done for PLS and PCR previously.

2398
Creates library for storage of graphs

2401-2408
Plots predicted versus actual results for each analyte for each different data pre-treatment tested.

2413-2420 Same as for Version II of previous PLS program. Runs entire program QQ times with files split randomly for each iteration into calibration and validation sets.
Note: The programs below are designed to summarize results from all iterations of the program. The output is placed at the end of the “OUTPUT.OUT” file for the last iteration of the program. If one is only interested in the statistical results (R2, error terms, etc.) from a single run of the program, then there is no need to run these Macros. If only a summary of the statistics is desired for many iterations then run only the DISCRIMSUMMARY Macro. The CLASSSUMMARY Macro computes negative and false positive results for each iteration and a summary of all iterations.

2425-2537
This Macro (DISCRIMSUMMARY) summarizes all the statistics from the multiple runs of the program as set by the variable ITERATIONS. The results from each run are stored in separate files. This macro first combines all the different files and then computes summary statistics.
2430
Creates dummy data set to hold all results.
2456-2470
Macro (READFILES) to read all the results stored in the “SUMCALVAL” output files created (1 to #ITERATIONS) from the main program and place the results in the data set OUTPUT.
2472-2478
Macro READMANY which runs the Macro READFILES.

2482
Removes empty dummy data set from data file containing all the combined statistical results from results of Macro READMANY.

2496
Computes summary statistics for all runs (ITERATIONS) for each analyte by method (PLS, PCR, RRR) and math pretreatment.
2519
Computes summary statistics for all runs for each analyte by method (PLS, PCR, RRR) only.
2540-2773
This Macro (CLASSSUMMARY) summarizes all the results from the multiple runs of the program as set by the variable ITERATIONS on the basis of miss-classified samples, negatives and false positives in various fashions. 
2545-2631
Macro POSNEGS computes the negative and false positives classification results for each analyte for each method (PLS, PCR or RRR) and data pretreatment tested. Lines 2560-2566 perform the actual determinations. The values in lines 2563 and 2565 of .55 and .45 are the criteria for negative and false positives respectively. These can be changed as desired by the user and were not chosen on any statistical basis.
2549-2553
Reads the result files “PREDICTACTUAL” which contain the predicted and actual results from each iteration.

2556-2557
As the predicted and actual results are repeated n-times, where n is the number of classes examined, only one set is needed.

2560-2566
Computes the number of negative and false positive results for each analyte, method, etc. and stores in the files NEGSOUT and POSSOUT.

2580-2583
Performs a frequency analysis for the negative results, if a complete printout is wanted remove the “NOPRINT” option.
2590-2593
Performs a frequency analysis for the false positive results, if a complete printout is wanted remove the “NOPRINT” option.

Note: The print options listed below will result in a separate analysis and printout for each iteration of the program and can result in a great deal of output. If more than one iteration using randomly generated sample splits is to be made, the user may wish to turn off these options. The same applies for the cross frequency analysis (Negatives x False positives). 
2599-2604
Prints out the results of the frequency analysis for negative results in a more easy to examine table format.

2608-2613
Prints out the results of the frequency analysis for false positive results in a more easy to examine table format.

2616-2629
Performs the cross frequency analysis and prints out the results in a table format as done above.

2634-2681
The Macro COMBINE creates dummy data sets to contain the results from the various frequency analysis, calls the Macro POSNEGS which runs the analysis for each iteration as discussed previously and also stores all the results in data files (ALLCROSSNEGPOS, ALLNEGSOUT and ALLPOSSOUT) containing the combined results from each iteration.

2684
Calls Macro COMBINE.

2688-2698
Prints out all frequency results for all negative results for all iterations of the program in one table.
2701-2710
Prints out all frequency results for all false positives for all iterations of the program in one table.
2714-2724
Prints out all results for all cross frequency analysis of negatives X false positives for all iterations of the program in one table.
2727-2738
Computes and prints out results for mean frequency of negative results by method and math pre-treatment in one table.
2743-2754
Computes and prints out results for mean frequency of false positive results by method and math pre-treatment in one table.

2758-2769
Computes and prints out results for mean cross frequency of negative x false positive results by method and math pre-treatment in one table.

2775
Runs Macro DISCRIMSUMMARY

2779
Runs Macro CLASSSUMMARY
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