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Dakota Sensitivity Analysis (SA) 

ÁSA goals and examples 

ÁGlobal SA approaches and metrics available in Dakota 

ÁSelect Dakota examples for parameter studies and global SA 



Why Perform Sensitivity Analysis? 

Á What? Understand code output variations as input factors vary 

Á Why? Identify most important variables and their interactions 

Á Identify key model characteristics: smoothness, nonlinear trends, robustness 

Á Provide a focus for resources 

ÁData gathering and model development 

ÁCode development 

ÁUncertainty characterization 

Á Screening:  Identity the most important variables, down-select for further UQ 
or optimization analysis 

Á Can have the side effect of identifying code and model issues 

Á Data can be used to construct surrogate models 

Á Dakota SA formalizes and generalizes one-ƻŦŦ ǎŜƴǎƛǘƛǾƛǘȅ ǎǘǳŘƛŜǎ ȅƻǳΩǊŜ ƭƛƪŜƭȅ 
already doing 

Á Provides richer global sensitivity analysis methods 



Sensitivity Analysis:  
Influence of Inputs on Outputs  
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f(x1) 

x1 
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Assess variations in f(x1) due to (small or large) perturbations in x1. 

Å Local sensitivities  

Å Partial derivatives at a specific point in input space. 

Å Given a specific x1, what is the slope at that point? 

Å Can be estimated with finite differences 

Å Global sensitivities 

Å Found via sampling and regression. 

Å What is the general trend of the function over all values of x1? 

Å Typically consider inputs uniformly over their whole range 
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many already do 

basic SA;  

perturb from 

nominal, see effect 



Global Sensitivity Analysis Example: 
Earth Penetrator 
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Notional model for illustration purposes only  

(http://www.sandia.gov/ASC/library/fullsize/penetrator.html) 

threat: width, length 

ű 

target: soil depth,  

structure width (span) 

Á Underground target with external threat: assess sensitivity in target response to target 
construction and threat characteristics 

Á Response: angular rotation (˒) of target roof at mid-span 

Á Analysis: CTH Eulerian shock physics code; JMP stats 

Á Revealed most sensitive input parameters and nonlinear relationships 

12 parameters describing target & threat 

uncertainty, includingé 



ÅAssess parameter influence  
on boiling rate, a key crud predictor 

ÅDakota correlation coefficients: 
strong influence of  
core operating parameters  
(pressure more important than 
previously thought) 

ÅDittus-Bolter correlation model may 
dominate model form sensitivities 
(also nonlinear effects of ExpPBM) 

ÅScatter plots help visualize trend in 
input/output relationships 

 

 

sensitivity of mass evaporation rate (max) to operating parameters 
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Global SA Example:  
Nuclear Reactor Thermal-Hydraulics Model 



Group Discussion Questions: 
Your Sensitivity Analysis Practice 

Á Do you currently perform sensitivity analysis or parameter perturbations? 

Á What are example SA questions you (could) ask in your domain? 

Á How do (would) you answer them? 

Á What measures of sensitivity, ranking, or importance are you most 
familiar with? 

Á What are the key challenges you face? 

 



Cantilever Beam Model 

8 

Parameters: 

L: length (in) 

w: width (in) 

t: thickness (in.) 

:́ density (lb/ft 3) 

EΥ ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ όlb/in2) 

X: horizontal load (lb) 

Y: vertical load (lb) 

Responses: 

M: mass (lb) 

S: stress (lb/in2) 

D: displacement (in) 
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Global Sensitivity Analysis in Dakota 

Á Assess effect of input variables considered jointly over their 
whole range.  Dakota process: 
Á Specify variables: lower and upper bounds 

Á Specify method: e.g., uniform random sampling 

Á Specify responses: compute response value at each sample point 

Á Run Dakota and analyze input/output relationships 
 

Á Sample designs (methods) available: 
Á Parameter studies: list, centered, grid, vector, user 

Á Random sampling: Monte Carlo, Latin hypercube, Quasi-MC, CVT 

Á DOE/DACE: Full-factorial, orthogonal arrays, Box-Behnken, CCD 

Á Morris one-at-a-time 

Á Sobol indices via variance-based decomposition, polynomial chaos 

 

Á Metrics: trends, correlations, main/interaction effects, Sobol 
indices, importance factors/local sensitivities 



Basic Dakota SA for Cantilever: 
Centered and Grid Parameter Studies 

Á Start at nominal values, perturb up and down in each 
coordinate direction 

Á Specify the parameter variations, which responses to study 

Á See Dakota input and output (following slides) 

 

 

Á What changes to Dakota input will instead perform the  
grid parameter study at left? 

Á 5ŀƪƻǘŀ wŜŦŜǊŜƴŎŜ aŀƴǳŀƭ ƘŜƭǇǎ ǿƛǘƘ ƪŜȅǿƻǊŘ ŎƘƻƛŎŜΧ 

Á What are benefits/drawbacks of these methods? 

 

Example: 

uniform grid 

over [-2.0, 2.0] 


