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Outline

I Specifying uncertain variables in Dakota
I Probability distribution functions (pdf and cdf)
I Latin hypercube sampling (LHS) algorithm
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Specifying Uncertain Variables in Dakota
Dakota Input File

Using the distribution function which best fits your
understanding of the uncertainty in the model parameters
defined in the variables block.

I Normal/Gaussian: normal uncertain

I Uniform: uniform uncertain

I Lognormal: lognormal uncertain

I Beta: beta uncertain

I Triangle: triangular uncertain

See slides 10 to 15 in Uncertainty Quantification Dakota
training materials.
See [SW04] for LHS theory and distributions used in Dakota.
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https://dakota.sandia.gov/sites/default/files/training/DakotaTraining_UncertaintyQuantification.pdf


Normal or Gaussian Distribution
Probability Distribution Functions
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where µ is the mean and σ is the standard deviation
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Specifying a Normal Distribution
Dakota Input File

v a r i a b l e s
normal uncer ta in = i n t e g e r

d e s c r i p t o r s = ’ s t r i n g ’
means = r e a l
s t d d e v i a t i o n s = r e a l
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Specifying a Truncated Normal Distribution
Dakota Input File

Usually you will only have a feeling for the amount of
uncertainty in a variable, in lieu of actual data. In this case, if
you want a 99% confidence (3σ) that the values will fall within a
±% amount, use σ = µ×(%/100)

3 , for example:

µ = 12± 15%
{
µupper = 13.8
µlower = 10.2

⇒ σ =
12× 0.15

3
= 0.6

v a r i a b l e s
normal uncer ta in = i n t e g e r

d e s c r i p t o r s = ’ s t r i n g ’
means = r e a l
s t d d e v i a t i o n s = r e a l
upper bounds = r e a l
lower bounds = r e a l

6 / 22



Uniform Distribution
Probability Distribution Functions
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Specifying a Uniform Distribution
Dakota Input File

v a r i a b l e s
un i f o rm unce r ta in = i n t e g e r

d e s c r i p t o r s = ’ s t r i n g ’
lower bounds = r e a l # A
upper bounds = r e a l # B
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Lognormal Distribution
Probability Distribution Functions
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Specifying a Lognormal Distribution
Dakota Input File

v a r i a b l e s
lognorma l uncer ta in = i n t e g e r

d e s c r i p t o r s = ’ s t r i n g ’
lambdas = r e a l
means = r e a l
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Beta Distribution
Probability Distribution Functions
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Specifying a Beta Distribution
Dakota Input File

v a r i a b l e s
be ta unce r ta in = i n t e g e r

d e s c r i p t o r s = ’ s t r i n g ’
alphas = r e a l # p
betas = r e a l # q
lower bounds = r e a l # A
upper bounds = r e a l # B
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Triangle Distribution
Probability Distribution Functions
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Specifying a Triangle Distribution
Dakota Input File

v a r i a b l e s
t r i a n g u l a r u n c e r t a i n = i n t e g e r

d e s c r i p t o r s = ’ s t r i n g ’
modes = r e a l # b
lower bounds = r e a l # a
upper bounds = r e a l # c

Note that modes is the apex value of the triangular distribution
and must fall between lower bounds and upper bounds.
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Latin Hypercube Sampling (LHS)
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Appendix
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R Code for Normal Distribution Plots

x <− seq(−5 , 5 , leng th =100)
pdfx <− dnorm ( x , mean = 0 , sd = 1)

pdf ( ” no rma l d i s t . pdf ” , width =5 , he igh t =5)
p l o t ( x , pdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Normal / Gaussian D i s t r i b u t i o n ” )

dev . o f f ( )

cdfx <− pnorm ( x , mean = 0 , sd = 1)
pdf ( ” normal cdf . pdf ” , width =5 , he igh t =5)
p l o t ( x , cdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Normal / Gaussian CDF” )

dev . o f f ( )
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R Code for Uniform Distribution Plots

x <− seq(−5 , 5 , leng th =100)
pdfx <− dun i f ( x , min = −4, max = 4)

pdf ( ” u n i f d i s t . pdf ” , width =5 , he igh t =5)
p l o t ( x , pdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Uniform D i s t r i b u t i o n ” )

dev . o f f ( )

cdfx <− pun i f ( x , min = −4, max = 4)
pdf ( ” u n i f c d f . pdf ” , width =5 , he igh t =5)
p l o t ( x , cdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Uniform CDF” )

dev . o f f ( )
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R Code for Lognormal Distribution Plots

x <− seq (0 , 10 , leng th =100)
pdfx <− dlnorm ( x , meanlog = 0 , sdlog = 1)

pdf ( ” l n o r m d i s t . pdf ” , width =5 , he igh t =5)
p l o t ( x , pdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Lognormal D i s t r i b u t i o n ” )

dev . o f f ( )

cdfx <− plnorm ( x , meanlog = 0 , sdlog = 1)
pdf ( ” lnorm cdf . pdf ” , width =5 , he igh t =5)
p l o t ( x , cdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Lognormal CDF” )

dev . o f f ( )
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R Code for Beta Distribution Plots

x <− seq (−0.5 , 1 .5 , leng th =100)
pdfx <− dbeta ( x , 2 , 2)

pdf ( ” b e t a d i s t . pdf ” , width =5 , he igh t =5)
p l o t ( x , pdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Beta D i s t r i b u t i o n ( p=2 , q = 2 ) ” )

dev . o f f ( )

cdfx <− pnorm ( x , 2 , 2)
pdf ( ” be ta cd f . pdf ” , width =5 , he igh t =5)
p l o t ( x , cdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” Beta CDF ( p=2 , q = 2 ) ” )

dev . o f f ( )
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R Code for Triangle Distribution Plots
l i b r a r y ( t r i a n g l e )

x <− seq(−5 , 5 , leng th =100)
hx <− d t r i a n g l e ( x , a=−3, b=3)

pdf ( ” t r i d i s t . pdf ” , width =5 , he igh t =5)
p l o t ( x , hx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” T r iang le D i s t r i b u t i o n ” )

dev . o f f ( )

cdfx <− p t r i a n g l e ( x , a=−3, b=3)
pdf ( ” t r i c d f . pdf ” , width =5 , he igh t =5)
p l o t ( x , cdfx , type =” l ” , l t y =1 ,

x lab =” x value ” , y lab =” Densi ty ” ,
main =” T r iang le CDF” )

dev . o f f ( )
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