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Overview

Uncertainty Quantification (UQ) is a new feature in  Rappture.

● What is it?

● Why would you need it?

● How does it work?

● How do you use it?



What is Uncertainty Quantification?

● Inputs to simulations often have some uncertainty in their 
values.
○ Measurement error
○ Variations in samples
○ Etc.

● We need to know how these uncertainties propagate to the 
output(s).

● It would also be nice to know which uncertainties affect the 
output(s) the most.  This is known as “Sensitivity Analysis”.



Why Uncertainty Quantification?

● UQ is a fundamental part of model verification and 
validation.

● With Rappture tools, we might use it just to do parameter 
sweeps for better understanding how output(s) respond to 
changing input(s).



How Does UQ Work in Rappture?

● There are different ways to perform UQ.  

● In Rappture, we use a type of Generalized Polynomial 
Chaos.  This is a non-intrusive method that does not 
require modification of the tool or simulation.

● It is implemented in a library we wrote called PUQ.

● You can read all the details in the PUQ paper (link in last 
slide).



How Does UQ Work (2)?

● PUQ runs your normal Rappture tool with different 
combinations of input values.

● The input values are carefully chosen to efficiently build a 
polynomial model of how the output changes.

● That output model is called a “surrogate model”, “response 
surface”, or “response function”.

● More runs will be required to build higher-order polynomial 
response functions.



Example with One UQ Parameter

Input PDF

Level 1

Level 2

Response Output PDF

Linear response 
requiring 3 runs

Second order 
response 
requiring  5 runs



Example with Two UQ Parameters

Input PDFs

Level 2

Response Output PDF

Linear response 
requiring 5 runs

Second order 
response requiring  
13 runs



Enabling UQ in Rappture

In the tool.xml file for your tool, enable UQ.

Valid values are “on”, “1”, “true”, or “yes”. Not case sensitive.

Must enable UQ



Rappture UQ Icons

When UQ is enabled, you will the UQ icons (shaped like 
Gaussian distributions) next to all the number entries.

Note that integer entries will NOT have icons because
they cannot (currently) be used for UQ.

Click on these icons to use 
a probability density as an 
input value.



Disabling UQ for Some Numbers

UQ can be selectively 
disabled if desired..

Turn off UQ here.

And here.



Probability Distributions

Clicking on an icon pops up a 
dialog that allows you to choose 
between Exact (no UQ) values, 
a Gaussian (or Normal) 
distribution and a Uniform 
distribution.



Submitting a UQ Run
If any number values were set to probability 
distributions (Gaussian or Uniform), UQ is 
performed and this popup will appear.

The UQ type is 
GPC with Smolyak 
sparse grids.  It is 
currently the only 
choice.

Level 2.  
Builds a 
second order 
polynomial 
response.

Requires 5 
runs.  This will 
be updated 
when the level 
changes.

Push here to start.



UQ Output - Number
If the output for a run 
is a number, you will 
see 5 outputs in “All 
Runs” like this.

The Response 
Function showing 
how the output 
changed with the 
input temperature.

Root Mean Square Error 
Percent.  How well did the 
polynomial approximation fit the 
real data?  Very well in this case.

Output Probability 
Density Function.  The 
probability of the output 
given the input 
distribution(s).

Important! If the RMSE is too 
high, you will need to rerun 
with a higher level.



Curve Outputs
When a simulation outputs curves and those curves have a 
similar range, the UQ analysis will output a set of shaded 
probability curves as well as all the curves from the runs on a 
single plot and a sequence or curves.

95% of 
output is 
in the gray 
regions.

50% of output 
is in the light 
gray region.



Multiple Curve Outputs

When multiple curves are on 
the same plot (curve groups), it 
is too complicated to perform 
UQ analysis.  Instead you will 
see a sequence of outputs from 
each run.

This is the run 
where temperature 
was set to 370.



Field Outputs

3D fields, like other 
complex outputs, are too 
complicated to perform 
UQ analysis.  Instead they 
are put in a sequence.

This is the run 
where temperature 
was set to 300.



Sensitivity
When there is more than one 
UQ input, sensitivity analysis 
will be performed.  The values 
indicate the relative amount the 
output changes over the range 
of each input parameter’s 
distribution.  So, for example, 
changing the deviation of a 
gaussian input parameter will 
impact the sensitivity.

For more information see
http://c-primed.github.io/puq/ug/sensitivity.html



UQ Summary

Near the bottom of the 
Result pulldown, you should 
see “UQ Summary” . This is 
the output from PUQ 
showing the input 
parameters, outputs, 
response functions, 
RMSE%, sensitivity, etc.
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