XLGENLINE Version 1.0 -
Software Documentation

By
| M Smith and F O Onakunle

Issued 28 March 2007
Version 1.0

Unrestricted

Mathematics and Scientific Computing Group
National Physical Laboratory

Hampton Road

Teddington

Middlesex

TW11 OLW

Tel 020 8943 7071
Fax 020 8977 7091

CMSC/M/06/657



SSfM-3 1.6.1 - XLGENLINE,

Version 1.0

Unrestricted

Project name:
Project acronym:
Document reference:
NPL File reference:

Approved by:

Software for generalised least-squares fitting
SSfM-3 1.6.1 - XLGENLINE
CMSC/M/06/657

CMSC//09/03/M02

BJC

© Crown Copyright 2007

Reproduced by Permission of the Controller of HMSO

National Physical Laboratory

Hampton Road, Teddington, Middlesex, TW11 OLW

CMSC/M/06/657



SSfM-3 1.6.1 - XLGENLINE, Unrestricted
Version 1.0

1 INTRODUCTION

This document describes how to use the Microsoft Excel spreadsheet XLGENLINEV1.XLS
(which cals the DLL XLGENLINEv1.DLL) to carry out ordinary least-squares and
generalised |east-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 Visua Basic 6.0.

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

e XLGENLINEv1dIl,
e XLGENLINEv1.xls, and
o xlgenlinevl_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.

Toinstall the software, first extract the contents of the ZIP file to alocal 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
termsin 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, |eft-
click on“Yes’ to overwrite thefile.) 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 Filess 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”.
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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 instalation 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 asin figure 1.

XLGENLINEv1.xls

E3 Microsoft Excel

|&) Ele Edit View Inset Format Tools Dats Window Help

- I 4 z o
D2Ea gRY $bad|o- o (& s 88|l -7, -
A40 ~ =|
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| 1 | XLGENLINE YERSION 1.0. POLYNOMIAL FITTING SOFTWARE. FEBRUARY 2007
Full details of how to run the software can be found in the accompanging software documentation.
1. Enter measurement data consisting of 1-values. associated ufz}-values (GLS fit onlg). y-values and assosiated u{g)-values.
3 | 2.Enter data for inverse evaluation consisting of y-values and associsted ufg)-values.
[~ | 3.Seleot polynomial degree and type of fit from the dropdown menus.
4. Press the E¥ALUATE button.
Aduanced user instuctions
Please refer to software documentation.
MEASUREMENT DATA DATA FOR INVERSE FYALUATION DEGEEE AND TYPE OF FIT PEOCESS
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POLYNOMIAL FIT: GLS, DEGREE 1 INVERSE EVALUATION
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| 26| Root mean square residual err 0345043264 5367638083 278620733 o501
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0
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| 32 Gradient m: 0302708028
| 33|  Uncertainty assaciated 0022415743
[t 1423438377
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36 m and c: 0004884108
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Ready [ [ 1 o

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
RESULTSONLY” button.

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

Ed Microsoft Excel - XLGENLINE.xls -10| x|
File Edit Wiew Insert Farmat Tools Daka  ‘Window
Help ==

D2dla/ ¢ sl -5 =2
A40 j =|

g T | u | W | L)

EFROCESS

(=l e v

ACCESS AD¥ANCED GLS PARAMETERS

|
1]

:‘2 HIDE ADYANCED GLS PARAMETERS

12
14
15
16
17
13
13
20
21

22 -
44 p [ Test Sheet Intermedi | 4 B - LljJ

| | [ N | [ 2

CLEAR DATA AND BRESULTS

CLEAR RESULTS OMLY

EYALUATE

Figure 2: XLGENLINEvV1 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 GL Sfitting.

3 Microsoft Excel - XLGENLINEw 1.l =10l x|
j@ File Edit “jew Insert Format Tools Data Window Help
=1=1 x|
D=E|a| ¢ s -8 =2
AdD ~| =|
i s [ © [ B [ € [F—
MEASUREMENT DATA .
B
T z-values  Uncertainties  y-values Uncertainties
3 associated associated
] with z-values with y-values
10 -EA21H07514 1. TE408 2504 6646246519 2186818
1 2343633840 11376984512 G.EBEERE41Y 0136395883
12 12089756032 1152405727 2522137502 0112931314
13 -1 ra94561 0862202076 0924507312 1.0BETESEN
14 -3.470036034 0435356218 1.4E7EI3514 0059251461
15 -3.999602588 OLO1EEE2210 1 HE43E320 0.095642405
16 -2.01010064 0E3T206EE|  -0BGTIRIT2Y 0832349464
17 -T.AT0SET2E 0326183629 0623330560 0234410316
18 2069314080 DI27027T4HE 0478942018 1336121358
13 2030425400 (IER04 2406 -2.2T2EES454 0714324662
20
l4 |40 [ Test SheetInt 7 Testz|4| 2l
4

| | [ [Fair |

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 | 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.

Ed Microsoft Excel - XLGENLINEv1.Xls =101 x|
File Edit Wiew Insert Format Tools Data Window Help
== ]

Dzl & < sl -5 2=2
A40 | =|

[ H I [ | J [ K =

DATA FOR INYERSE EYALUATION

[

T y-values  Uncertainties
g associated
4 with y-values
10 0.5m 0237

1 -0.z2m 0577

12
|4 [4]p [m[% TestSheetint / Test:|«
[ [ MUM [

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.

Ed Microsoft Excel - XLGENLINEv1.xls N [l
File Edit Wiew Insert Format Tools Data Window Help
=151 ]

|=>

EETIEIEI G
240 | =

M M I g I F I ] [F—
DEGHEE AND TYPE OF FIT
[
T FPolgnomial degree:
g
| Type of Ffit:
10
[ 4 » [p1] Test shestInt / Test:| |
[ [T N[ [

Figure 5: Example fitting parameters.

For GLSfitting, 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):

e Thevaluestaken by xmin and xmax (see section 3.4).

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

o |f 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-
values' and uncertainties associated with the estimates.

Fd Microsoft Excel - XLGENLINEv1.xls -0l x|
J File Edit Wiew Insert Format Tools Data Window Help -|5|5|

[=

%E@|ﬂvﬁv‘%zﬁs%l§l‘ﬂ?5% 18

DEEaaR Y
Ad40 - =
4 E [ © [ 1] [ E

[} H | | J [ K

BESULTS

POLYNOMIAL FIT: GLS, DEGREE 1

Tmin:
TImax:

Foot mean square residual error:
Mazimum absolute weighted residual:

Gradient m:

Uncertainty associated with m:
Intercept with §-azis c:

Uncertainty associated with e
Covariance associated with m and ¢
Intercept with xz-azis z0:

Uncertainty associated with =0

G | Lo e [l |6 | | £ [ [ P | E | T2 | P | P o 12 | E | T
LRS- A M S ool Bl PR S A H S P

a3

-32 34356681
520334469

0943043284
1784025237

-0.302706028
0022413743
-1423495377
0228111853
0004244106
-4 FO2EEEI9
0435162692

[4 4 ¥ [ TestsheetInt # TestShest Fig % Test Sheet / | 4]

INYERSE EYALUATION
Uncertainties  y-values
associated
with z-values
278620733
136662213

z-values

-B.3ATE3R093
4032566429

050
020

Ready

Uncertainties
associated
with y-values
0.237
0577

[

Figure 6: Example results.

! For a given y-value, the number of corresponding x-value estimates may be between zero and
the polynomial degreeinclusive

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 figureis
determined by the name of the worksheet containing the data® — 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

\—Fitted curve = Measurementdata -« Inverseevaluation\

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. Thereisno measurement datain columns B to E.

ERROR IN MEASUREMENT x|

Mo measurement data present

In the measurement data for OLS fitting, the numbers of x-values, y-values and

2.
uncertainties associated with y-values are not all the same.
ERROR IM MEASUREMENT DATA ﬂ
Columns B, 0 and E musk contain the same number of numerical elements
3. Inthe measurement data for GL Sfitting, the numbers of x-values, uncertainties associated

with x-values, y-values and uncertainties associated with y-values are not al the same.

ERROR IM MEASUREMENT DATA

Columns B, C, [ and E must contain the same number of numerical elements

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

ERROR IN MEASUREMENT DATA

The number of data poinks musk be greater than or equal ko the polynomial degree + 1

5. At least one uncertainty islessthan or equal to zero.

ERROR IN MEASUREMENT x|

&l uncertainties musk be positive
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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.

ERROR IN DATA FOR INYERSE E¥ALUATION EI

Calurns I and 1 rmusk conkain the same number of numerical elements

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

ERROR IN ADYANCED GLS PARAR X

wmin muskt be a number

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

ERROR IN ADVANCED GLS PARAR x|

®max musk be a number

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

ERROR IN ADYANCED GLS PARAR x|

wmin musk be less than xmax

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

ERROR IN ADVANCED GLS PARAMET x|

xmin musk be less than or equal to the smallest x-value

11. A value of xmax has been entered that is less than the largest x-value.
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ERROR IN ADYANCED GLS PARAMETE X

wmax musk be greater than or equal ko the largest x-value

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

ERROR IN ADYANCED GLS PARAMETERS x|

The tolerance For parameter values must be a positive number

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

ERROR IN ADYANCED GLS PARAMETE_ EI

The kalerance Far Function values must be a positive number

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

x|

PROBLEM EMCOUMTERED IM POLYMOMIAL FITTIMNG

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:
o The measurement data has been entered correctly into the cells,

o The measurement datais appropriate for the choice of polynomial degree.

e The measurement datais 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
GL S 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:

e Press the “ACCESS ADVANCED GLS PARAMETERS’ button to access the
advanced parametersfor GLS (see figure 8).

Ed Microsoft Excel - XLGENLINEY 1. -10| x|
File Edit Wiew Insert Format Tools Data Window Help
== x|

=

IDEE| & < Al -0 »
A40 | =

N W | 6 [ P [ @& [Ai-
1

12 ADYANCED GLS PARAMETERS

13

14 Tmin:

15 IMaz:

1&
17 Tolerances

12 FParameter values:
13 Function values:

20
4|4 [p [ p] TestShestInt 4 Test<| 4 LIJJ
| I I 1 I

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

e 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.

e Pressthe “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 GLSPARAMETERS’ button.

3.4.1 xmin and xmax

For reasons of numerical stability, polynomials are expressed in terms of a Chebyshev basis
of anormalised variable, viz., the polynomial of order n (degree n — 1) iswritten as

p(a;x) = J_ZizlajTj (X),

where
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_ (X—=xmin) — (xmax — X)
Xxmax — xmin

X

and T;(X) isthe 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 a; and abscissae x;, 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 alow for this possibility should therefore be assigned.

Inthe XLGENLINEV1 spreadsheet, xmin and xmax are assigned the default values
xmin = min{x} —0.1x [max{x.} - min{x}],
xmax = max{x,} + 0.1x [max{x,} — min{x}

While for the majority of data sets, the default values of xmin and xmax will alow 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).*

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 a; and the change in
function values from iteration to iteration. The parameter values a; are on the same scale as
the y-data. Thus, if the y-values range from —1000 to 1000, the a; will be in asimilar range.

Thetolerance for the parameters has a default value of
tolp =10"° x max{L max{|y[}}.

If the range of y-values is much smaller than 1, a smaller tolerance than 10° may be
appropriate. If the datais very noisy, then alarger 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 arange comparable with [-1, 1].

The tolerance for the function values has a default value of

* 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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tolf =107,

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 GL S 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 [107, 10%. 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 emal 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 addressfilled in.)
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