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Abstract: To supplement the ISO-GUM method for the evaluation of measurement uncertainty, a simulation
program using the Monte Carlo method (MCM) was developed, and the MCM and GUM methods were
compared. The results are as follows: (1) Even under a non-normal probability distribution of the measurand,
MCM provides an accurate coverage interval; (2) Even if a probability distribution that emerged from
combining a few non-normal distributions looks as normal, there are cases in which the actual distribution is
not normal and the non-normality can be determined by the probability distribution of the combined variance;
and (3) If type-A standard uncertainties are involved in the evaluation of measurement uncertainty, GUM
generally offers an under-valued coverage interval. However, this problem can be solved by the Bayesian
evaluation of type-A standard uncertainty. In this case, the effective degree of freedom for the combined
variance is not required in the evaluation of expanded uncertainty, and the appropriate coverage factor for 95
% level of confidence was determined to be 1.96.
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Table 1 The test results for stability of L'Ecuyer
random number generator

No. MNO0,1%) | R(0,1% | 7(0,1%) | t,_.(0,1%)
1 1.96 1.65 1.90 2.56
2 1.96 1.65 1.90 2.57
3 1.96 1.65 1.90 2.57
4 1.96 1.65 1.90 2.57
5 1.96 1.65 1.90 2.58

N: normal, R: rectangular 7: triangular ¢,_, : student's t
with »=5 ; (0,1%) : 0 denotes average, 1° denotes variance,
M =10°

Table 2 The test results for the accuracy of MCM

simulator
Condition Analytic MCM
pdf M uly) ci u(y) ci
NO,1%) | 2.99x107 | 1.000 | 1.960 | 0.9999 | 1.960
R(0,1%) 3.89x10° | 1.000 | 1.645 | 1.000 | 1.645

7(0,1%) 121x10" | 1.000 | 1.902 | 1.000 | 1.902
t,_50,1%) | 1.09x10° | 1291 | 2571 | 1.291 2571
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Table 3 The conditions for comparing GUM with

MCM
Case 1 Case 2 Case 3
N0,1%) R(0,1%) N(0,8%)
MO0,1%) R(0,2%) MO0,4%)
N0,1%) R(0,3%) N(0,17%)
7(0,1%) Trap(0,2,0.5) MN0,1%)
Trap(0,2,0.5) R(0,17%)
t,4(0,2%)

Table 4 The comparison results between GUM
and MCM (three significant digits)

No. of case Method result*

u. = 2.17

GUM ci = 425

1 ue = 2.17

MCM ci = 4.25

cf = 1.96

u. = 3.84

GUM ¢ = 753

2 u. = 3.84

MCM ci = 7.25

cf = 1.89

u. = 9.33

GUM ci = 183

u. = 9.75

3 MCM ci = 19.0

cf =195

u. = 9.75

GUM* ci = 19.1

cf = 1.96

* coverage factor is 1.96 at v=oc0
I By 4 ()F AHgEITh
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Fig. 5 Comparison of confidence intervals between
GUM and MCM for case 3
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pdf of combined variance
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