Version 9 - The Uncertainty Engine

Introduced in version 9.0, SolveAnalytic has a facility to enter the data and calculate the mean and
uncertainty of the results directly, without separately calculating the analytical partial derivatives.

The technique follows that defined by Carl Friedrich Gauss. Formally, if x is a function, f of at least
two other variables, i.e.

x=Tfuv, w,..)

then assuming there is no (or negligible) correlation between the variables, the variance of x, can be
approximated using partial derivatives as
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We start with a simple example based on Pythagoras' Theorem, but allowing for some uncertainty in
the input data of £0.5. To perform the calculation we launch the uncertainty engine and enter the
expression,

sqrt(a*2 + b"2)

We also create the two variables a and b. To do this we choose the type of distribution, enter the
name and required parameters and press the Add / Update button. If we wish to change an existing
variable, select it in the list of variables, change the parameters as required and again press the
Add/Update button to save the changes.
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Pressing the calculate button performs the calculations and produces the text

Linear approximation: sqrt(a*2 + b*2)
mean1 =5
sd1 = 0.2887

As expected the mean value is 5 and we have an approximation for the standard deviation. Since
this is the first uncertainty calculation in this SolveAnalytic document the mean and sd results are
suffixed with the number 1. The next uncertainty calculation will have the result suffix 2.



For a more realistic example, we use the common calculation to determine the radius of the curve

from a chord and mid-ordinate i.e.
. C* m
&gm 2

We launch the uncertainty engine to enter the expression and define the variables together with their
uncertainty.
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Enter the expression for which you want to determine the uncertainty and enter the individual
uncertainties for the input variables. Note that we do not have to enter the full equation it is the right
hand side which is required. If the full equation is entered, (by including the left hand side and
equals sign) SolveAnalytic will attempt to assign the mean of the result to the variable on the left just
as an ordinary ActiveEquation would achieve. .

In this example, the two variables are C for the chord length and m for the mid-ordinate. Here they
have both been defined using a normal distribution but other distributions are also available using
the dropdown list. The parameters vary depending on what probability distribution you want to
define. When complete, press the Calculate button to perform the calculations. Text describing the
results of the calculation are inserted at the current cursor position. In this example the results are
as follows:

Linear approximation: C*2 / (8*m) + m/2
mean2 = 92
sd2 =15.29

This result can be edited in much the same way as any ActiveEqn object, just click on the text to
display the dialog and make whatever changes are necessary.

If you forget to define one or more variables used in the expression, a message will be generated to
advise you accordingly. The mean and standard deviation result of the expression will then be set to
zero. If you define more variables than are required, these are ignored in the calculations.

The uncertainty engine creates a number of variables as part of the process. These are listed in the
Current Values list and can be used in subsequent calculations. The mean value for whatever
variables you have defined is calculated along with the standard deviation of that input variable.
Note that for some input distributions, a mean and standard deviation are not defined explicitly. For
example for a rectangular distribution the upper and lower limits may be defined instead. Where
necessary the mean and standard deviation will be calculated from the data supplied.



The gradient (partial derivative) of the variable at the point under investigation is also calculated and
a new variable defined. These variables could be used to determine other parameters or perhaps to
calculate the sensitivity of the expression to each of the variables used.

For example the standard deviation of the result of this uncertainty calculation (sd2) can be used to
determine the coverage intervals for various confidence levels by multiplying the standard deviation
by a value for k, i.e.

prob90 = +25.16
prob95 = +29.97
prob99 = +39.45

Using the UKAS system, the multiplier k is defined as 2. This produces a slightly larger than 95%
coverage interval (95.45%) So using the UKAS multiplier, the result would be described as

92 + 30.58 metres

It is important to understand that this calculation describes an approximation of the mean and
standard deviation of the probability distribution of the results given the defined variability of the input
variables. It is however a quick and easily performed series of calculations and produces a single set
of results.

For this particular example the distribution of the results actually follow a log-normal distribution as
explained elsewhere. To determine the actual shape of the resultant probability distribution other
techniques should be used such as a Monte Carlo simulation.

As an example the results from a Monte Carlo simulation for this calculation can be compared with
the uncertainty engine's linear uncertainty
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As can be seen there are differences however the linear approximation appears reasonable.



