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Supplement 1 to the GUM

https://www.bipm.org/utils/common/documents/jcgm/JCGM_101_2008_E.pdf
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MONTE CARLO METHOD (PRINCIPLE)

• mean of each input quantity
• covariance matrix
• pdf of each quantity (assumed)
• random number generator

n data sets

Measurement model
(analytical or numerical)

AB1
BC1
AC1
T1
kB1
S(E)1
etc.

AB2
BC2
AC2
T2
kB2
S(E)2
etc.

AB3
BC3
AC3
T3
kB3
S(E)3
etc.

ABn
BCn
ACn
Tn
kBn
S(E)n
etc.

… n results

mean

Standard 
deviation

n calculations

Pdf of the results ?
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INPUT QUANTITIES DATA SET

• Experimental data: random sampling of available data

• Parameters : GUM supplement 1 recommendation (maximum of entropy):

• If the mean and the variance are known, use Gaussian pdf  G(M,s)

• If realistic boundaries are known, [a, b], use uniform pdf U[a,b]

• If other pdf are suitable, use them!

Subjective evaluation cannot be excluded
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GUM supplement 1 recommendations
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GUM supplement 1 recommendations
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CORRELATED INPUT QUANTITIES

In a first approximation consider uncorrelated values of PK
and PL and calculate  PM=1-(PK+PL) 

i
iP 1

Unfortunately, the decay data evaluations do not provide the 
covariance matrix, but only the diagonal terms (variances)

• Experimental data: calculate experimental covariance

• Parameters: example PK, PL et PM for electron capture
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PRACTICAL TOOLS 1

The LNE-MCM software
(presently in French, but the LNE-Uncertainty software in English will be released soon)

https://www.lne.fr/en/node/1263
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PRACTICAL TOOLS 2

The NIST uncertainty machine https://uncertainty.nist.gov/
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Example, parameter : 

Make two calculations with min and max (keeping constant the other input 
data). If the difference is small (versus the target uncertainty) it is not useful 
to vary  in the Monte Carlo process 

PRACTICAL CONSIDERATIONS

Do not start with a brute force approach: sometimes it is not necessary to 
vary all the input quantities, but only those which could have a significant 
influence on the result 
A preliminary calculation with extreme values, or a physical evaluation, can 
indicate the main input quantities to consider
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Application to measurements with no explicit transfer function

Example : activity measurement of 55Fe with the TDCR method in LSC 

AB, BC, AC
T
kB

Numerical model
(minimization) Activity

Energy spectrum S(E)

dx
dE

Decay scheme parameters
PK, PL, PM, K,…
Scintillator composition, geometry…

Numerical model
(Monte Carlo simulation)
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EXAMPLE OF A NUMERICAL MODEL 
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Solution: minimization of

e.g. with the “downhill simplex” algorithm
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UNCERTAINTY DETERMINATION

Evaluation of the input quantities: same as the conventional GUM approach

Variance propagation?

• 1st option: numerical evaluation of partial derivatives

• 2nd option: Monte Carlo method

The 2nd option is by far quicker and more exact
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EXAMPLE OF 55FE

Activity A=N/R

The counting uncertainty is negligible vs. the detection efficiency uncertainty

This simplifies the problem, as with this method N and R are correlated

Sometimes, there is no real reason to choose one articular pdf for the 
input quantities, and several choices are possible (e.g. if the minimum 
and maximum values of a parameter are known, several interpretations 
are possible:
• With no other information: uniform pdf
• If the mean value is more probable: triangular or Gaussian pdfs

Here, test with 2 different pdfs: Gaussian or uniform
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GAUSSIAN FLUCTUATIONS OF THE INPUT QUANTITIES

Gauss n=1E4
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Uniforme n=1E4
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UNIFORM FLUCTUATIONS OF THE INPUT QUANTITIES
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COMMENTS

For 55Fe a posteriori analysis shows that there are 2 dominant factors in the 
uncertainty budget

Consequences: 
• uniform pdf triangular pdf
• Gaussian pdf Gaussian pdf

•The transfer function induces the convolution of the pdfs of the input quantities

Thus, the pdf of the result is the consequence of the pdfs of the input quantities

Some statisticians would try to convince us that there is an univocal choice of the 
pdfs, thus that the pdf of the result is objective and that there is no uncertainty of 
the uncertainty…

My personal opinion (you could disagree) is that there is some subjectivity in this 
choice, and what you get from the Monte Carlo method is only a result of your 
hypothesis on the pdfs
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CONCLUSIONS 

The Monte Carlo method given in the supplement 1 of the GUM is a very 
powerful and simple tool to propagate uncertainties, especially when the 
measurement function is complex or non-analytical. In the latter case, this is 
the only possible method

Advantages of this method:
• Calculation algorithms are simple and explicit and can be easily incorporated 

in the codes used for the calculation of the measurement result
• This method overcomes the limitation of the usual formula of propagation of 

variances: some parameters could have a dominant influence on the 
uncertainty and the measurement model could be non-linear, discontinuous, 
non-analytical, non-derivable

But:
• The evaluation of the values and pdfs of the input quantities remain the 

biggest challenge and some simplifications can be necessary
• The pdf of the result is just a consequence of the pdfs of the input quantities, 

or an illustration of the central limit theorem!
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Perspectives (personal view)

The GUM framework is a sound approach to the determination of uncertainties. The 
supplement 1 gives a powerful tool in most cases

I am not convinced that the determination of the pdf of the result gives much more 
information than an expression of the result as a mean value and associated 
standard deviation, except if confidence intervals have to be evaluated 

There is a real risk that some Bayesian extremists will use this approach to redefine 
the measurement result as a pdf and not only from its mean value and uncertainty.
In my opinion, this could ruin more than 20 years of effort in the rationalization of 
uncertainty determination in the field of metrology 
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Thank you for your attention


