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commercial software — ready to use

http://www.qsyst.com/qualisyst_en.htm

etrodata | Datenverarbeitung
GmbH | fur Messtechnik und
Qualitatssicherung

http://www.metrodata.de/index_en.html

GUM/GUF and GUM S1

GUM/GUF (only)

Sidekick.exe.Ink ﬁ

Type B Calculator.exe.Ink

in| Hucertacnty Scdekeck 2o
‘ A powerful uncertainty analysis tool at a bargain price UnCal3.2.exe.lInk
http://www.callabmag.com/freeware.html

http://www.isgmax.com/uncertainty _freeware.htm
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commercial software — free program tools
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commercial software - Metrodata

©) Metrodata GmbH - GUM Workbench 2.4 - Mozilla Firefox

Datei Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

e - c A et l:!|http:,l’,l’www.metrodata.de,l’ver24_en.html i:f '| |W'|Wikipedia(de) )’::'|
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Metrodata

GmbH|f

Home| GUM Workbench Professional Version 2.4

GUM Workbench Professional Wersion 2.4 supports the evaluation of measurements with multiple resulsts and multiple budget tables. In Addition to
Yersion 2.3 it supports the import of pictures and graphics and offers the possibility to generate simple plots based on the calculated results. Version
24 can run a Monte Garlo simulation on the model.

The Version 2.3 was developed according to the same guidelines as Version 1.3 and Version 2.3, In addtion, the in Version 2.4 integrated Maonte
Carlo simulation was developed according to the guide published by BIPM Guide to the Expression of Uncertainty in Measurement. Supplement 1
Propagation of distributions using Monte Garlo method.

GUM Workbench 2.4 supports all functions of Version 2.3 and in addition the following functions:

Metwork licenzes
GUMCAD
Functional matrix

Graphics and pictures in reports and exports

Integrated ploting-tool for simple diagrams based on the calculated results
Monte Carlo simulation

Symbolic derivatives

Unitvalidation

Correlation matrix validation

Examples

Publications
Books| screen views

Links A demo of the GUM Waorkbench Professional Wersion 2.4 is available in the Download Section free of charge.

Download

Price list l@ FDF wersion of this page.

Support
Contact 2
Fertig
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~/GUM Workbench Pro - Kraftwerk mit Prozentangaben.smu

File Edit “iew Picture  Diagram  Option Toals  Help
O '| = | | Model| Observation | Carrelation | Eudget| Lastl Result Diagraml ?l |
it Muodel Equation | Buantity Data | Batial Denivatives |
Title: [C02 - Emvissian
Helelence:l Date: |05.r‘1 842010 Version:l Author: IStephan Mieke

eneral Description |P\clule1 I
Determination of the CO2 emmission fiom the bumt coal

.~ GUM Workbench Pro - Kraftwerk mit Prozentangaben.smu

File Edit “iew Fictiure Diagram Option Tools  Helg
g =TS =Y

Title

Mudell Dhservahnnl Emralalmnl Budgal‘Lastl Hasulll Dlaglaml ?”

| LQuantity Data I Partial Derivatives |

Model Equation

quation:

(i 26 | l[x]...l F\enamel Order Expellsl
mburm = mbﬂught+ minitial - mrema\n

Quantity Uit Definition

My it t bunt coal
Mbgught t bought coal

Miitial t initial coal at the beginhing of the year
Mo t temairing coal at the end of the pear

|D'\Ennnact nb2\UBahKraftwerk mit Prozentangaben. smu i
# Start| 1 Misks |

Microsoft F

|D YConnect nb2YUBAKraftwerk mit Prozentangaben.smu

#/start| 5 Mieke | [E] Microsoft Power.. [ GUM Workbe...

| changed

« 14:30
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= GUM Workbench Pro - Kraftwerk mit Prozentangaben.smu
File Edit “iew Fictiure Diagram Option Tools Help

0|~ Model Dhselvalmnl Enrrelalmnl Eudgal‘ Lasll Result Dlaglaml ? ‘

| Model Equation Quantity Data | Partial Derivatives |

{ [bought sasl
P o —
Mhitial Distributian, IW[
mramain Walue; ITWDDU— 1
Halidth of Uit [T

=!GUM Workbench Pro - Kraftwerk mit Prozentangaben.smu
File Edit W“iew Ficture  Diagram  Option Tools  Help

LlE Bl Model Dhservahunl Enne\atmnl Eudgal‘Lastl Result Dlagraml ? |

Description |F‘\cture1 | Title I Muodel Equation Quantity Data \|\Eallia\ Derivatives |

[initial aal t the: beginning of the year

el

T Distibutiore[Nomal 7]
L Valug: |40000— t

Expanded Uncertainty: IS"/,—

Coverage Factor:[2

Deseription | Picture 1 |

|D “Cannect nb24LBAK aftwerk mit Prozentangaben. smu

& Star‘tl ) Migke | Microsoft Pawsr |ﬁ

| changed

« 14:31

|D “Connect nbZ5\UBANraftwerk mit Prozentangaben. smu

#/Start| [ Mieke | [E] Microsoft Power. [ GUM Workbe...
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= GUM Workbench Pro - Kraftwerk mit Prozentangaben.smu
File Edit “iew FPFiciure Diagram Option Tools Help

MEEE

Title |

Model| Observation | Correlation | Budget| Lastl Flesultl Diagraml

todel Equation Luantity Data Partial Derivatives |

Partial Dervatives:

lamburrrt"Iamlcuought =1 :

Mgyt MMt = 1.

amburm’famremain = '1;

|D:\E0nnect nb2\UBAMK raftwerk mit Prazentangaben. smu | changed
| [ Microsort Power ||l GUM Workbe. BE « 1432

#/Start| - Mieke
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= GUM Workbench Pro - Kraftwerk mit Prozentangaben.smu
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GUM Workbench Pro - Kraftwerk mit Prezentangaben. smu

File Edit “iew Ficue

ollelr| &

Diagram  Opticl elp
mport Observation...

o | Carrelation | Budgel| Lasll Hasultl Diagraml

Cortrelation Analysis for Type A,

Expart

Unit\/alidation...

Ibuml coal
Uncertainty Budget: Experts...
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Chet! T RAatrix.
Mhought 700,006 T rectangular 10 577103 [rel) 891 %
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LI 40000t M Workbench Pro - Kra == x]
File Edit “iew Picture Diagram Option Tools  Help
0Ol & Model|  Observation | Comelation | Budget| Lasll Fiesul D\agraml ? |
Mhurnt |
[buint coal
Uncertainty Budget:
Quanity Value | Standard | Distribution | Sensitivity Uncertainty Index
[T Ceasffiniant Contribution
hought 700.00103 ¢ Monte Carlo Simulation X 577103 fel) w91z
Wiial 40000t Select Results  Canfiguration | 1.4310-3 frel) 55%
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& Manual Number of Bars:
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" Adaptive 033
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095 12
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1 I~ Sawe Binay Data File
by ot 700.00-103 ¢
rResult
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[ro0.010T¢ +{ 8600t =] [200
v An | X cwos |
|D:\Ennnact nb2\UBANKraftwerk mit Prozentangaben. smu
d‘_-Start' 1) Migke | Microsoft Pawer... ”i
Mhumt [ [EEED I 051 % el [
rResult
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[Fo0T 0%t [ o500t =] [z [ 352 Inomal] =
| changed
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S

Monte Carlo Simulation

mre und Einscelluy

Monte Carlo Simulation
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commercilal software - Metrodata

£
=

H
E
=

]
630000 695000 700000 705000

Myt ¢

Result of the Morte Carla Simulation for my,
—

Simulator: OMCE :1.0.22

Mean Value: 700000 t

Standard Uncertainty: 4300t

Coverage Interval (p=0.9545]): [92400, 707600] t [Probabilistically Symmetric)

Expanded Uncertainty Interval [p=0.9545): (+7800, -7600] t [Probabilistically §ymmetric)
Mumber of Monte Carlo Trials: 100000
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commercial software - Qualisyst

%) :: Qualisyst Ltd :: - Mozilla Firefox

Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hife
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-‘l measurement uncertainty soft... U measurement uncertainty Soft... W/ List of uncertainty propagation... |;] Measurement Uncerkainty Fra... .:g QMMSys GUM Educational 4.5 |__‘] = Qualisyst Lid = ﬁ -

Quallsyst L

Measurement Uncertainty [ QMSys GUM Enterprise [ QMSys GUM Professional
Editions of the QMSys software for the evaluation of the measurement uncertainty ~

% QMSys GUM Enterprise is the ultimate software tool for analysis of the measurement uncertainty,
using the two most powerful methods to calculate the measurement uncertainty - the GUM 3D2FCUM
uncertainty framework and the Monte-Carlo method. SOFTWARE DIRECTCRY

% QMSys GUM Professional offers evaluation of the measurement uncertainty according to GUM
Uncertainty Framewaork and validation of results using a Monte Carlo method ;

4 QMSys GUM Educational is a freeware for the classical calculation of the measurement uncertainty OMSys GUM Enterprise - an
according to GUM Uncertainty Framewark, immensely powerful tool for

measurement uncertainty analysis

Compliance with standards and guidelines

The software is compliant with the demands of the standards:

4 ISO/IEC/EM 17025:2005 - General Requirements far the Competence of Testing and Calibration Labarataries.
4% ANSI/NCSL Z2540.3-2006 - Requirements for the Calibration of Measuring and Test Equipment.

I share*It! - Order : This is because the analysis and computations follow the rules of the official regulations and guidelines:

% IS0 ENY 13005:1999 Guide to the expression of uncertainty in measurement

4 JCGM 101:2008 Supplement 1 to the "GUM" - Propagation of distributions using a Monte-Carlo method
ANSI/MNCSL 7540.2 - U5, Guide to the Expression of Uncertainty in Measurement

EA-4f02 Expression of the Uncertainty of Measurement in Calibration.

UKAS M3003 - The Expression of Uncertainty and Confidence in Measurement

DKD-3 - Expression of the Uncertainty of Measurement in Calibration

YDA Band 5 - Measuring Process Suitability

EURACHEM/CITAC Guide, Quantifying Uncertainty in &nalytical Measurement

MPL Report DEM-ES-010 Software specifications for uncertainty evaluation.

NPL Report DEM-ES-011 55fM Best Practice Guide No 6 Uncertainty evaluation

et

i QMSys Threads

i 150,00 EUR
i ]

The functionality of the different versions is shown in the following tahle:

Fertig
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commercial software - Qualisyst

E‘} QMSys GUM Ent - powerplant.gmf
Model Edit Functions Help

S

Main data Obseryation _ﬂ- Budget

Mame: |CO2Z - Emmission

Monte-Carln ] Adaptive Error tolerance:

Mad3! | Matrices |

il v w0ty

S

| Mandata | Observaton | Budget

Mame: ‘COZ - Emmissian
Monte-Carlg Adaptive Error tolerance: Trials: 1000|%10°  { Mirimurn number of trials: 220x10° )

@icas |

Arial v 127

Desdption ” &

A X]

Miwrrt = Meougkt - Mremaint Minitial

Quantity I Tamne |
_ Type [Resdlt v unith |

el Lincert, unit |t Factor 10E6
Mbought ] Distribution —————————— ( Automatic distribution detection
Miarnain rormal distribution FitEing Ufion to & normal,
Mhinitial t-distribution reckangular, triangular o trapezoidal theoretical
: " distribution,
Rectangular distribution
Triangular distribution . =
Trapeznidal distyibution ( Walidation GUF, MCM
Mixed distribution I Murmber of sign. digits For calculation of & J
" ¢~ Format N
Coverage probability (%) 95,45 Farmat [Absalute 3
Coverage factor 1,77 walue 0,000 B farmet
Shape factor 0,53 Expanded uncertainty 0,000 E- format

Aial

@ Start| = Mieke

i Start| L Mieke | [E Microsoft Power |[& aMSys GUM ...

« [ 1405
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commercial software - Qualisyst

- B X
Model Edit Functions Help S
- - 7 =

Maindsta | Observation -g- Budget

‘ Hame: [0z - Emmission |

Trials: %10% Minimum number of trisls: 220x10% )

Morke-Carlo  [] Adaptive  Error tolerance:

* Description | Model | matrices |
vl v el Bl U A x| 8 000 o
Mgurnt = Meought - Mremain+Minia
Quantity 1| Mame [mass of burnt coal
Mgy Type Type B ~| i | uncett, unit [% (relative) w2 | Factor 1
i ! =
it Evaluation type [Error limit - 7
Mirernain T — |
Distribution Rectangular
Winial
ialue 700000 ¢
Error lmit 1| (relative)
Degrees of fresdom =
= 5
£ QWSys GUM Ent - pawerplant.gmf
o | el E\:Vilrt Functions Help e
ol il g —_—
il v 0%l BoE U deas i ﬂ " Gl ﬁ Maindets | Obssrvaion | Budget
Mame: [COZ - Emmissian i
Monte-Carlo  [] Adaptive  Error tolerance: Trials: 0/ %107 { Minimum number of trials: 220x10% ) ‘
* Description | Model | vatrices |
sl v et B LU Ax x| f 90
Miurrt = Mbought - Mremein + Mirtial
Quantity Ip Name [mass or remaining coal at the end of the year
ﬁ'Star‘tl ‘L"a Mieke | Microsoft Power... ”G.QMS){S GUM Mt Type Type B v/ Uit ¢ .| Uncert unit[% (relative)  +|  Factor 1
my
lmugm_ Evalustion type [Expanded uncertainty - 2,275 % ? 97,725 %
m
o Distribution () Mormal (O t-distribution !
il el A
Degrees of Freedam =
Value 40000t
Expanded uncertainty % (relative)
Coverage probabilty (%) 95,45
Coverage factor 2,00
Stand. uncertainty 1000 t
36000 40000 42000
Aiial v| wrl B Z U=
ltiStarfl ] Mieke | Microsoft Power. ||¢ QMSys GUM ___ ‘ « 14:07
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QMSys GUM Ent - powerplant.gmf - X

Model Functions Budget Help S
e IMain data | Ohbservation J Budget
Mame: |C02 - Emmission |
"l [[] Adaptive  Error bolerance: Trials:|  1000|x10%  ( Minimum nurmber o brisls: 220x10% )
Mbumt | Merite-Carlo
CHEL Yalde g tneerts AL TR 2epet oty [ vlnee e eonrrbntion R B Reldeontibbtion i Sranf I
Mbgught 700000 £ 4000 £ Rectangular o 1,00 0,0040 ]
[ — 40000 1000k Mormal @ -1,00 -0,0010t [
Mhiniial 40000 1000k Mormal = 1,00 0,0010t [
Yalue Comb, stand. uncertainty Effective degrees of freedom
Miburmt 700000 £ 0,0043 £ o
Walue Expanded uncertainty Coverage Factor Coverage probability Distribution
Result 700000,000 £ + 0,008 £ 1,77 05,45 % Trapezoidal (B=0,53)
GUF validated: il A Result: A Comb, stand, uncert.: Coverage intervals: Unit [t]
[ves [500 [[-21 [[=21 | GUF [692421:707579] MCM [692407:707597] & [14:-18]
MCM: VYalue |700001,383 & Comb, stand, uncertainty |0,0043 Expanded uncertaintyl:!: 0,008t
Aial

tthtartl L Mieke | Microsoft Power... ||-$ QMSys GUM .

« [ 1409
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= OMSys GUM Ent - powerplant.gmf -

=

Main data I Observation H Budget
Mame: |C02 - Emmission |
Monte-Carla [ ] Adaptive Error tolerance: Trials: 1000 | %103 { Minimum number of trials: 220:10° )

Mpyme | | GUF || Monte-Carlo
Quantity | Value | Stand, uncert. Distribution |Trapezaidal distribution ~ HShape factor: 0,53 —
Mgught 700000 £ 4000 & Rectangular

m
Myermain 40000k 1000t Motmnal 7
Minitial 40000 & 1000 £ Mormal 2,275 % # W75 %
Yalue Comb, stand. uncertainty = 1 G32407 707597
| o oy
Mbyre  700000% 0,0043 £ ] 2,275 %) (57,725 %)
Yalue Expanded uncertainty Coverage Factor ] 105
Result = 17 2
& S
. 1 at
fod 1 &
3 3 T
(=g =~ =
pil (=g
= ] o
2 z- i
] T
1 -
o4
690000 3 695000 6597500 Fozs00 F0s000 i 710000
692407 o000z FO7597
TMinirmnurm 637090 | Median | FO0006
Marirnrm 712888 Range 25798
Mean value | 700002 | Caomb, stand. uncertainty 4300
Conf, interval () | & 00008 | Conf. interval {u) + 00060
Skewness | -0,001 |Kurkosis 0,953
Quantile (2, 275%) | 692407 Coverage Factor 1,77
Quantile (97,725%) | 707597

MCM validated: |Yes

Errar bolerance: | =) 290y | 8,5

25(u) [4,3

25(y-low): [ 0,32

25(y-highy: [ 0,34

Avial

4 Start| ) Mieke

«[ 1408
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commercial software

Conclusion
e commercial and non-commercial software Is available

e non-commercial software offers program tools

e the latest commercial software packages include MCM*

 software — especially when MCM* is included — Is a very
helpful tool to determine the measurement uncertainty

* how do the manufacturer guarantee that their software
IS reliable?
In the case of MCM* the user has not chance to verify
the software

* MCM: Monte Carlo Method
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Thank you for your attention.

Questions ??7?

stephan.mieke@ptb.de
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