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The FORTRAN program used to compute these critical values is based on algorithms and computer subroutines developed by Pillai (1965) and Venables (1974).  Tables for s = 1 to 12; m = -.5, 0, 1 to 6, 8, 10, and 15; and n = 1, 2, 3, 5,10,15,20,25,30,35,40,45,50,100,500, and 1000; and a = .05 and .01 are provided in Harris (2001, Appendix A.5).

To compute gcr critical values, click on "Greatest Characteristic Root” link on the Personality Research
Laboratory web page. This will bring up a "File Download" window. 
Clicking on "Open" will launch a rather low-tech (and definitely low-graphics) MSDOS window that will suggest that you "Enter S, M, N, and ALPHA for next critical value" and display a blinking cursor.  Type in the requested parameter values, separated by blank spaces or commas, and hit "RETURN" to display the corresponding critical value, followed by an invitation to enter another set of parameter values.  As indicated on the second line of the MSDOS window, one exits the program relatively gracefully by entering any set of parameter values that includes a value of N less than (well, actually less than or equal to) -1.  However, you can always just close the window to escape the clutches of the program.
Alternatively, when the "File Download" window comes up you can click on "Save" and save the program in a location of your choice on your own PC.  (I [Richard] haven't tried executing the program on a MAC.  Let me know how it works out if you do so.)  You can then open your copy of gcrcmp.exe (or whatever other name you choose to bestow upon it) whenever you are in need of a few more gcr critical values, following the same parameter-value-entry procedure described in the previous paragraph.  


A (Temporary?) Bug and a Work-Around

     At some point between the 2nd and 3rd editions of A Primer of Multivariate Statistics the FORTRAN source code got corrupted.  I [Richard] have been unable (as yet) to locate and correct the bug, which has the consequence that The gcrcmp.exe program does not compute correct critical values for odd values of s > 1 when n < 6.  (It is accurate for s = 1, for even values of s, and for odd values of s so long as n > 5.)  
However, the gcr critical value is very nearly linear in s within this range of very low values of n, so
To compute a critical value for an odd value of s when 1 < n < 6, simply take the average of the critical values for (s-1,m,n,a) and (s+1,m,n,a).  The result should be accurate to at least two decimal places.
Thus, e.g., to compute the .05-level critical value for (s,m,n) = (5,4,3) you would "feed" gcrcmp.exe the parameter values 4,4,3,.05 (yielding a critical value of .92310) and 6,4,3,.05 (yielding .94775).  Averaging these two values together gives .935425, as compared to the tabled critical value of .937.  

References

     Harris, R. J.  (2001).  A Primer of Multivariate Statistics,Third Edition. Mahwah, NJ: LEA.

     Pillai, K. C. S.  On the distribution of the largest characteristic root of a matrix in multivariate analysis.  Biometrika, 52, 404-414.

     Venables, W. N. (1974).  Null distribution of the largest root statistic.  Journal of the royal Statistical Society, Series C: Applied Statistics, 23, Algorithm AS77, 125-131.    

