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1 INTRODUCTION 

This document describes how to use the Microsoft Excel spreadsheet XLGENLINEv1.XLS 
(which calls the DLL XLGENLINEv1.DLL) to carry out ordinary least-squares and 
generalised least-squares polynomial fitting and inverse polynomial evaluation.  

The underlying software is written in Fortran 90 that has been compiled into a DLL using 
Compaq Visual Fortran (Version 6.6). The DLL is called from Microsoft Excel with the code 
used to implement this call written in Microsoft Visual Basic 6.0.  

The software is downloaded as the ZIP file xlgenlinev1.zip (2.3 MB). The main files within 
this ZIP file are:  

• XLGENLINEv1.dll,  

• XLGENLINEv1.xls, and  

• xlgenlinev1_sw_doc.pdf (this document). 

The document is organised as follows. Section 2 lists the steps required to be able to call the 
DLL from Microsoft Excel on a PC running Windows 2000 or XP while Section 3 describes 
how to use the spreadsheet, detailing the format that input data is required to take and the 
outputs that are generated. Section 4 provides contact details for feedback and/or questions.  

 

2 INSTALLING AND UNINSTALLING THE SOFTWARE 

Prior to installing the software, ensure that any instances of Excel are closed.  

To install the software, first extract the contents of the ZIP file to a local folder, double-click 
on setup.exe to commence the installation process, then:  

1. Left-click on “Next”. 

2. Read the licence agreement, left-click on the radio button corresponding to “I accept the 
terms in the licence agreement” and left-click on “Next”. 

3. Installation of the Fortran run-time libraries will commence. Left-click on “Next”. Left-
click on “Next”. (A message may be displayed indicating that the read only file fqwin.hlp 
was found when copying files to the destination location. If this message appears, left-
click on “Yes” to overwrite the file.) Left-click on “Finish”. 

4. Enter user name and organization and left-click the appropriate radio button to specify if 
XLGENLINEv1 is to be made available to all users of the PC or just to the currently 
logged-on user. Left-click on “Next”. 

5. Select the destination folder for the XLGENLINEv1 files. (The default folder is 
C:Program Files\XLGENLINE but another folder can be chosen by left-clicking on 
“Change…” and navigating to that folder and left-clicking on “OK”.) Left-click on 
“Next”. 



 

 CMSC/M/06/657 Page 2 of 17

SSfM-3 1.6.1 - XLGENLINE, 
Version  1.0 

Unrestricted

6. Left-click on “Install”. 

7. Left-click on “Finish” to exit the wizard. 

Note that it is possible to go back and change options chosen in steps 4 and 5 by left-clicking 
on “Back” and entering new choices.  

The installation described above need only be carried out once, before first using the 
XLGENLINEv1 spreadsheet. The name of the folder containing the file 
XLGENLINEv1.DLL (chosen in step 5 above) is added to the PATH environment variable 
during the installation process.  

While XLGENLINEv1.XLS contains example data, it can be considered to be a template 
spreadsheet. The user may rename the main worksheet, make and use a copy (or copies) of 
the main worksheet within the same spreadsheet, and make and use a copy (or copies) of 
XLGENLINEv1.XLS.  

Provided that the name of the folder containing the file XLGENLINEv1.DLL is not removed 
from the PATH environment variable and that XLGENLINEv1.DLL is not removed from this 
folder, the user should be able to use the spreadsheet XLGENLINEv1.XLS, or any copies 
thereof, placed in this or any other folder.  

 

To uninstall the software, double-click on setup.exe, then:  

1. Left-click on “Next”. 

2. Left-click on the radio button corresponding to “Remove” and left-click on “Next”. 

3. Left-click on “Remove”. 

4. Left-click on “Finish” to exit the wizard. 

The uninstallation process deletes the folder where the XLGENLINE files were placed 
(chosen in step 5 of the installation process) and removes the name of this folder from the 
PATH environment variable.  
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3 USING XLGENLINEv1.XLS  

Upon opening the spreadsheet (e.g., by double-clicking on it), a message may be displayed 
indicating that it contains macros and asking if the user wishes to disable or enable macros. 
The “Enable” option should be chosen.  

The spreadsheet should appear as in figure 1.  

 

Figure 1: XLGENLINEv1 example spreadsheet. 
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3.1 Entering data and selecting fitting options 

Figure 2 shows a close-up of the five buttons that may be pressed.  

Any results on the current worksheet may be cleared by left-clicking on the “CLEAR 
RESULTS ONLY” button.  

Results, measurement data and fitting options may be cleared by left-clicking on the 
“CLEAR DATA AND RESULTS” button.  

 

Figure 2: XLGENLINEv1 processing buttons. 
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3.1.1 Measurement data 

For ordinary least squares (OLS) fitting, measurement data consisting of x-values, y-values 
and uncertainties associated with y-values should be entered into columns B, D and E, 
respectively, starting at row 10.  

For generalised least squares (GLS) fitting, measurement data consisting of x-values, 
uncertainties associated with x-values, y-values and uncertainties associated with y-values 
should be entered into columns B, C, D and E, respectively, starting at row 10. 

Figure 3 illustrates ten measurement data points for OLS or GLS fitting.  

 

Figure 3: Example measurement data.  
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3.1.2 Data for inverse polynomial evaluation (OPTIONAL) 

Data consisting of y-values and uncertainties associated with y-values should be entered into 
columns I and J, starting at cell 10. If no inverse evaluation is to be carried out, these columns 
should be left blank.  

Figure 4 illustrates two data points for inverse evaluation.  

 

Figure 4: Example data for inverse evaluation.  
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3.1.3 Selecting fitting parameters and select type of fit  

To select the polynomial degree, first left-click on cell Q7 then left-click on the arrow that 
appears to the right of the cell. A dropdown menu appears from which the polynomial degree 
(between 1 and 4 inclusive) can be chosen by left-clicking on the appropriate number.  

To select the fitting type, first left-click on cell Q9 then left-click on the arrow that appears to 
the right of the cell. A dropdown menu appears from which the fitting type can be chosen by 
left-clicking on “OLS” (for ordinary least squares fitting) or “GLS” (for generalised least-
squares fitting).  

Figure 5 shows a close-up of the degree and type of fit choices.   

 

Figure 5: Example fitting parameters.  

For GLS fitting, the user may also access additional advanced parameters and enter values for 
those parameters (see section 3.4).   
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3.2 EVALUATING 

Having entered measurement data, (optionally) data for inverse evaluation and chosen the 
polynomial degree and type of fit, fitting (and, if required, inverse evaluation) is carried out 
by left-clicking on the “EVALUATE” button.  

If the fitting is carried out successfully, then the following information will be displayed (see 
figure 6):  

• The values taken by xmin and xmax (see section 3.4).  

• The root-mean-square (weighted) residual error and the maximum absolute value of 
weighted residual. 

• If the polynomial degree is 1, estimates of the gradient and intercept of the best-fit straight 
line and their associated standard uncertainties and covariance, and the intercept of the 
best-fit straight line with the x-axis and its associated standard uncertainty.  

If inverse evaluation has been undertaken, the y-values and uncertainties associated with the 
y-values entered by the user are displayed along with the corresponding estimates of the x-
values1 and uncertainties associated with the estimates.2  

 

Figure 6: Example results. 

                                                      

1 For a given y-value, the number of corresponding x-value estimates may be between zero and 
the polynomial degree inclusive 

2 Uncertainty evaluation is undertaken according to the GUM Uncertainty Framework [1].  
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In addition, a figure is produced (see figure 7), plotting the measurement data with “1 sigma 
error bars” (i.e., measured value plus and minus one standard uncertainty), the fitted 
polynomial and (optionally) the inverse evaluation data with “1 sigma error bars” (i.e., value 
plus and minus one standard uncertainty). The name of the worksheet containing the figure is 
determined by the name of the worksheet containing the data3 – if the data worksheet is 
“Worksheet_name”, the figure worksheet is “Worksheet_name Fig”. An additional worksheet 
named “Worksheet_name Int” is also generated and is used to store data for the generation of 
the figure. 

XLGENLINE VERSION 1.0 ANALYSIS
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Figure 7: Example figure. 

 

3 The maximum number of characters in a worksheet name is 31. Since the names of the 
worksheets containing the figure and the data for the generation of the figure will contain 4 
characters more than that of the main worksheet, the name of the main worksheet should consist 
of 27 or fewer characters.  
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3.3 MESSAGES 

The following message boxes may appear after pressing the “Evaluate” button:  

1. There is no measurement data in columns B to E.  

 

2. In the measurement data for OLS fitting, the numbers of x-values, y-values and 
uncertainties associated with y-values are not all the same.  

 

3. In the measurement data for GLS fitting, the numbers of x-values, uncertainties associated 
with x-values, y-values and uncertainties associated with y-values are not all the same. 

 

4. There are insufficient measurement data points to fit a polynomial of the chosen degree.  

 

5. At least one uncertainty is less than or equal to zero.  
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6. In the data for inverse evaluation, the numbers of y-values and uncertainties associated 
with y-values are not the same. 

 

7. A non-numerical value for advanced GLS parameter xmin has been entered.   

 

8. A non-numerical value for advanced GLS parameter xmax has been entered. 

 

9. Values of xmin and xmax have been entered with xmin ≥ xmax.  

 

10. A value of xmin has been entered that is greater than the smallest x-value.  

 

11. A value of xmax has been entered that is less than the largest x-value.   



 

 CMSC/M/06/657 Page 12 of 17

SSfM-3 1.6.1 - XLGENLINE, 
Version  1.0 

Unrestricted

 

12. A non-positive value of tola has been entered.  

 

13. A non-positive value of tolf has been entered.  

 

14. The software has encountered a problem when trying to solve the polynomial fitting 
problem.   

 

 

The user should be able to take steps to address messages 1 to 13.  

Message 14 is more serious. In the first instance, it is recommended that the user check that:  

• The measurement data has been entered correctly into the cells,  

• The measurement data is appropriate for the choice of polynomial degree.  

• The measurement data is not very small or very large and should be rescaled.  

In the case of GLS fitting, the user may change the values of one or more of the advanced 
GLS parameters (see Section 3.4).  
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If there is no obvious reason as to why any error is encountered, the user may contact NPL as 
described in Section 4.  
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3.4 ADVANCED GLS PARAMETERS 

The user may access advanced parameters for polynomial fitting as follows:  

• Press the “ACCESS ADVANCED GLS PARAMETERS” button to access the 
advanced parameters for GLS (see figure 8).  

 

Figure 8: Example advanced GLS parameters (note that this 
figure may change depending on inclusion or non-inclusion of 
tolerances. 

• Enter values for xmin (cell Q14), xmax (cell Q15), the tolerance tolp on parameter values 
and/or the tolerance tolf on function values (see sections 3.4.1 and 3.4.2 for descriptions 
of these parameters). Leaving any cell (or indeed all four cells) empty means that the 
default value(s) for the corresponding parameter is used.  

• Press the “EVALUATE” button to process the data using the choices of advanced GLS 
parameters.  

The advanced parameters for GLS fitting may be cleared and hidden by pressing the 
“CLEAR ADVANCED GLS PARAMETERS” button.  

3.4.1 xmin and xmax 

For reasons of numerical stability, polynomials are expressed in terms of a Chebyshev basis 
of a normalised variable, viz., the polynomial of order n (degree n – 1) is written as  

∑
=

=
n

j
jj XTaxp

1
),();(a  

where 
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xminxmax

xxmaxxminxX
−

−−−
=  

and Tj(X) is the jth order Chebyshev polynomial of the first kind [2, 3]. 

For OLS fitting, xmin and xmax are chosen to be the minimum and maximum x-values, 
respectively.  

For GLS fitting, given initial estimates of coefficients aj and abscissae xi, an iterative 
algorithm (the Gauss-Newton algorithm) is used to find updated estimates. It is possible for 
one or more of the updated abscissae estimates to be assigned values that are less than the 
minimum x-values and/or greater than the maximum x-value, and values of xmin and xmax 
that allow for this possibility should therefore be assigned.  

In the XLGENLINEv1 spreadsheet, xmin and xmax are assigned the default values 

[ ],}min{}max{1.0}min{ iii xxxxmin −×−=  

[ ].}min{}max{1.0}max{ iii xxxxmax −×+=  

While for the majority of data sets, the default values of xmin and xmax will allow fitting to 
be undertaken successfully, there may be some data sets for which the iterative process 
generates abscissae estimates that lie outside the range [xmin, xmax]. For such data sets, a 
message box will be displayed (see message number 12 in Section 3.3).4  

3.4.2 Tolerances on parameter and function values 

As described in section 3.4.1, the GLS parameter values are determined by an iterative 
scheme. Tolerances are required to test whether or not the scheme has converged. The 
convergence criteria are related to the change in parameter values aj and the change in 
function values from iteration to iteration. The parameter values aj are on the same scale as 
the y-data. Thus, if the y-values range from –1000 to 1000, the aj will be in a similar range.  

The tolerance for the parameters has a default value of  

}}.max{,1max{10 6
iytolp ×= −  

If the range of y-values is much smaller than 1, a smaller tolerance than 10-6 may be 
appropriate. If the data is very noisy, then a larger tolerance may be appropriate.  

The second tolerance tolf is compared with the change in function values. If the uncertainties 
associated with the x- and y-values entered in the spreadsheet are a reasonable reflection of 
the true uncertainties associated with the x- and y-values, then the function values should lie 
within a range comparable with [–1, 1].  

The tolerance for the function values has a default value of 

                                                      

4 Note that problems with the value(s) of xmin and/or xmax are not the only reason this message 
box may appear.  
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.10 8−=tolf  

If the uncertainties associated with the x- and y-values are an overestimate, then a smaller 
value for tolf may be appropriate. Conversely, if they are an underestimate, a larger value for 
tolf may be appropriate. 

The default values of the tolerances are designed so that the solution determined by the solver 
will differ from the true mathematical solution by an amount that is much smaller than the 
uncertainties associated with the fitted parameter values. If the tolerances are too small, the 
GLS solver will usually return the best solution that can be expected from the data set. If the 
tolerances are too large, the GLS solver may return with solution parameters that could differ 
from the true solution by amounts greater than that consistent with the noise in the data. 

When using the default values of the tolerances, the risk of the software failing is reduced 
when the user’s measurement data (x-values and/or y-values) lie (approximately) within the 
range [10-3, 103]. Scaling of the measurement data may therefore be required. For straight-line 
fitting, the estimates of the parameters of the straight-line and their associated uncertainties 
returned by the software must be rescaled appropriately. For inverse evaluation, the x- and/or 
y-values and their associated uncertainties must be rescaled.  
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4 ENQUIRIES AND FEEDBACK 

Questions about and general comments/feedback on XLGENLINE are welcome and should 
be sent by e-mail to eurometros@npl.co.uk. (On the EUROMETROS homepage 
http://www.eurometros.org/, clicking on “Feedback” automatically generates a blank e-mail 
with the above e-mail address filled in.)  
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