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Programming today is a race between software engineers
striving to build bigger and better idiot-proof programs,
and the Universe trying to produce bigger and better idiots. So
far, the Universe is winning.

Rich Cook
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1.1 VNA Tools Il Project (217.08.FP.060)

AGoal: Development of a GUM based uncertainty calculator for
Vector Network Analysis

ADuration: 2 years (Feb. 2008 i Jan 2010)

AMETAS RF & MW laboratory:
M. Wollensack J. Rufenacht M. Zeier

APartner:
AAgilent Technologies, Santa Rosa, USA
(Largest manufacturer of VNAs and calibration standards)
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1.1 VNA Tools Il Overview

Metas.UncLib Metas.Instr
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1.2 MU according to ISO-GUM (scalar)

/x\ /x\ IT' Input quantities u(Xl), u( XZ),
N
Measurement
model

SD

Output quantity u?(Y)= aif?zg-’;ﬁ( X) % 2&8)5) +

=

O

f
Expanded
ocos measurement  U?*(Y)=(1.967 G(Y)

- =, uncertainty
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1.2 MU according to ISO-GUM (multivariate)
C lation b
J\em/ N\ [ | Soeanenseween v,
1\ / 2\ /3 Uncertainty Matrix
f, f,

” Several output quantities — T
/\ /\ correlated! VY ‘]f,XVX‘]f,X

Lin. Uncertainy Propagation

Expanded > .
@5% measurement uncertainty Uy =Cpo0s @

"y Calculations are tedious!
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1.3 Metas.UncLlib
General Purpose Uncertainty Library

It does

Asupport multidimensional uncertainty calculation
Aadvanced math (Complex, Vector, Matrix)
Aautomated linear uncertainty propagation

AMonte Carlo uncertainty propagation (preliminary)
Atake care of correlations

Aadvanced storage / archiving (keeps full information)
Ainterfacing with other applications

It does NOT

Ahelp to build a measurement model
Ahave a nice graphical interface
Aproduce Aancyfioutput
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1.4 Linear Uncertainty Propagation (LUP)

Based on GUM Tree concept (Blair Hall, IRL/MSL, NZ)

AAutomatic Differentiation
ACalculate Derivatives (sensitivity coefficients)
with machine precision

AODbiject oriented implementation
AHide complexity from user

09-09-2009 Metas.UncLib | Metas Seminar | Michael Wollensack und Marko Zeier



1.4 LUP: Automatic Differentiation

To calculate sensitivity coefficients

Measurement model ~ z="f(X)

)

Decomposition in elementary functions

....... z:fl(fz,,,fM(X))

Derivatives of elementary functions
are explicitly programmed

Chain rule Jix=di s B,

Naturally supported by computers because compiler always
decomposes equations into elementary functions
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1.4 LUP: Metas.UncLib Object

New Data Type (contains value, dependencies and sensitivities)

value 5
Z <

O

depends on ( §
X0 X Xpra) |5

Jacobian éUZ _le =

X

(sensitivities) %
¢

updated at each computational step

—):?‘qs

Overloaded Operators hide complexity
A Objects can be used like ordinary numbers

Uncertainty information on demand
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1.4 LUP: Correlations

Caused by common influences

The system takes automatically care of correlations by
recognizing common influences

value Z E value Z,
S
depends on ()(2, )%) 5 depends on (xl,
> :
Jacobian az, | @ g Jacobian apz,
(sensitivities) gig " = (sensitivities) éﬁg \
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1.5 Large System Modelling

The system allows complete modelling of a multi-step process
with stored intermediate results (e.g. traceability chain)

Primary Standards
(base inputs)

Characterisation
\/ &
Working Standards - - - Influences
(UncNum Objects) % (base inputs)
Calibration
\/

' d
e e |
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2. Features

Metas.UncLib Is a general purpose uncertainty library.

Metas.UncLib

< Metas.UncLib.Core

Metas.UncLib.LinProp

Metas.UncLib.MCProp

Metas.UncLib.DB

CN N
NN N AN

ALinear Uncertainty propagation
AMonte Carlo propagation
AComplex Math

AVector and Matrix Math
ALinear Algebra

AStorage / Archiving

ANET / COM Interface
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2.1 Math functions

A list with the available functions and constants:

ASqrt(x) ASin(x) ASinh(x)
AEXp(X) ACos(x) ACosh(x)
ALog(x) ATan(x) ATanh(x)

ALog10(x)  AAsin(x) AAsinh(x)
ALog(x,y)  AAcos(x) AAcosh(X)
APow(x,y) AAtan(x) AAtanh(x)
ASign(x) AAtan2(x, y)
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AReal(x)
Almag(x)
AADbs(x)
AAngle(x)
AConij(x)

API
AE
AJ
AOne
AZero
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2.2 Linear Algebra

A list with the available functions:

ADot(M1, M2)
ALu(M)

ADet(M)

Alnv(M)

ASolve(A, Y)
ACholesky(M)
ALstSgrSolve(A, Y)

AWeightedLstSqr
Solve(A, Y, W)

AFft(M)
Alfft(M)

Matrix multiplication of matrix M1 and M2
LU decomposition of matrix M
Determinate of matrix M

Matrix inverse of M

Solve linear equation system: A* X =Y
Cholesky decomposition of matrix M

Least square solve of overdetermined
linear equation system.

Weighted least square solve of over-
determined linear equation system.

Fast Fourier transformation
Inverse Fast Fourier transformation
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2.3 Uncertainty functions?

The available functions to obtain information from a

OMet as. UnclLi b0 object

C# MATLAB
O0Met as. UnclLi béo OLi nPropd or OMCPJ opc

Returns the value. y.GetValue() get value(y)

Returns the standard uncertainty. y.GetStdUnc() get_stdunc(y)

Returns the inverse degrees of y.GetlDof() get_idof(y)

freedom.

Returns the sensitivities to the virtual | y.GetJacobi() get_jacobi(y)

base inputs (with value 0 and

uncertainty 1). This is equal to the

uncertainties components

Returns the sensitivities to the y.GetJacobi2(x) get_jacobi2(y,x)

intermediate results.

Returns the uncertainty y.GetUncComponent(x) get_unc_component(y, X)

component.

Returns the correlation matrix. [yly2..]. get_correlation([yly2 ...])
GetCorrelation()

Returns the covariance matrix. [yly2..]. get_covariance([yly2 ...])
GetCovariance()
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2.4 Storage / Archiving

ASave conmelatUadibbd obj ect s.

ARe |l oad Idetas.Wnelthd 6obj ect s.
After loading all information is restored.

Metas.UncLib
Object

- RealNumber

- ComplexNumber

- RealArray

- ComplexArray

- RealUncNumber

- ComplexUncNumber
- RealUncArray

- ComplexUncArray

Storage
Blnary /\
XML 0101 0101
010101
10101
s uoo 10101 \
<?xml version="1.0"?> 1 0101 R
<unc_number> o
<value>5</value> o 0
<dependency> \
</dependency> \

</unc_number>
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2.5 Interfacing .NET / COM

Metas.UncLibCE

Metas.UncLib

Metas.UncLibCOM

Metas.UncLib.Matlab

C Metas.UncLibCE.Core )
C Metas.UncLibCE.LinProp )
<Metas.UncLibCE.MCProp>

< Metas.UncLib.Core

Metas.UncLib.LinProp

Metas.UncLib.MCProp

N N )

Metas.UncLib.DB

NN AN NI

C Metas.UncLibCOM.Core )

Metas.UncLibCOM.LinProp

(2)
N

Metas.UncLibCOM.MCProp

(2)
N

Metas.UncLibCOM.DB

()
N

C

LinProp

)

C

MCProp

)

C

LinPropDB

)
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