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Parametric probability distributions

* Parametric probability distributions of a continuous random variable
* An overview of important continuous probability distributions

* Histogram creation with parametric probability distribution
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Probability distribution ]

Parametric probability distribution - probabilities /\
defined by analytical function — e.g., common
expression of normal (Gaussian) probability

x—p)?2  distribution:
e 202

fxlwo) =

2O o .
Parameters - characteristics of random variable

probability distribution
(e.g., u mean value and o standard deviation)

E &8 B

8

Non-parametric (empirical) probability
distribution - definition based on measurements
——= (often long-term)

B
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Parametric probability distributions

Important parametric probability st

distributions for continuous random “ o T

variables: g | |

e Uniform distribution oot : |

e Normal (Gaussian) distribution omg i i

e Exponential distribution AN

e Laplace distributi
] p. i< distrib .on Parameters - characteristics of random variable
* Logistic distribution probability distribution

e Maxwell distribution (e.g., # mean value and o standard deviation)
e Student's t-distribution

e Fisher's z-distribution
e Chi-square distribution
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Normal (Gaussian) probability distribution

Common expression of normal (Gaussian)
probability distribution:

y

N
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Yield stress of the S235 steel
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Log-normal probability distribution

Common expression of log-normal probability A =
distribution: XV 21o

0,1 1
0,09 U ... mean value U= 52 In(x;)
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o ... standard deviation
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Yield stress of the S235 steel

Relative frequency
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Compressive strength of concrete
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Concrete cover layer thickness

21/02/23

Probability density ¢(x)
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Compressive strength of masonry
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Relative Frequency
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Parametric probability distributions

Distribution Abbreviation PDF Parameters Distribution Abbreviation PDF Parameters
1
Kappa KAP Fe ={1=n[1-ne-ay/p]'m I 4 o exp(~3)
1 A/y)—1 1 Gamma G2 f(.x) = T8 2
F@ =" 1=nG—e)/p] " X P12, 8> 0 e
. 1 ) M-l )Y Generalized Pareto  GP2 fx)= 1 (1 + ﬁ)(_l/}/—l) 2
Generalized extreme GEV fx)= B (l +y T) exp| — (1 +y T) 3 . =B B
value type III _ 1 _ (Inx—a)?
yexp(—w Lognormal LN2 fx) = PN/ exp( o ) 2
Generalized GLO fx)= i N — 3 y—1 y
p(1+exp(—52)) Weibull w2 fo) = %(1) exp [—(g) ] x>0 2
Logistic
—1/y—1
Generalized GPA fx)= %(l + @) ” 3
Pareto
_ 1 _1(InG-y)-a)?
Lognormal LN3 fx)= [ exp[ 2( B ) ] 3
Pearson P3 fx)= W(x —a)y’lexp (—%) 3
Type 1II
Exponential E fx)= [ 3@([)(_)“)’ i i 8 2
Gumbel G fx)= %exp[%fexp ("E"‘)] 2
Normal N o) = #ﬂz exp (— (x2—ﬁu;)2) 2
Logistic L f) = LT)Z 2
p(1+ex0(—7))
. 1 , a<x<b
Uniform v Jo = [ 8_a x<aorx>b !
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HistAn software tool
Program for more detailed analysis of input histograms:
e Minimum and maximum values of a random variable

 Number of histogram classes (intervals) and frequencies defined in them

* Simple probabilistic calculations with histograms (determination of p-quantile
and probability of exceedingly the determined value of a random variable)

 Determining the combination ,.», e o

of several input histograms = e T

with parametric distribution 5
* Processing of measured raw data A=

* Creation of histograms e BotpGOenE | mm
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Parametric distributions in HistAn software tool

* Implementation of a module for entering set of measured data and for their

evaluation.

 Creation of histograms with non-parametric and parametric distribution
(23 types) with the possibility of choosing the number of intervals.
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Histogram of random variable

p(x)4

Histogram of discretized ei

continuous random variable .
with parametric probability
distribution
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Parametric distributions in HistAn + Normal

* Log-Normal
e Gumbel I and Il
* Raised-Cosine

Probability for\ cutting of the probability distribution

A Histhn: P ic dis\ributi ooox
; n ararjetrlc |\ut|on ° Cauchy
o IL DPum Discrete . o
[ ] -
Distribution Param.distribution : F (x| Mi,Sigma) — - - " FISCher TI ppett
- o * Laplace
EEEEE=l] Ymax 1 5EaseEst| | 1 AGAENDD  A4SIBIELS .
Stand deviation - Sigma = A 4 808755400 ® LOngth
Mode 9.95526E+00 | 2 | 445M3EM0  7.37767ELS .
P * Weibull
3| 45M8BEH00  1.20231E08 R | . h
Angle of marks 4 58625500 ay elg
[JMarks of data [value x V| |x&P{x}| o] A o 4 | 46306IE00  19434E08 N LéV
4.67500E+00 Yy
352002, 123551 5 | 4TIG37EH00  3.11837EA8
Parametric distribution : Normal F ( x| M=10, Sigma=1) 7B * Student
0.035 §  4.80812E+00 4.95308E08 °
4.85250E+00 Beta
0.03 7| 483687Es00  7.B370SEA8 °
. 4.94125E+00 Gama
- . ' . . .
3 8 ASSEEA0 1 2270E0T * Snedecor's F distribution
5.03000E+00
g 0.02 9 | 507437400 1 90BSIET ° Pa reto
- 5.11875E+00
g oo 10 | 5.16312E400 2. 34339E07 ° Unifor‘m
o » 5.20750E+00 .
: 11 | 5.25188E+400 4 50361E07 * Tria ngu Ia r
- 5.29525E+00 .
12| 5.34063E+00 6.83892E07 ° Exponentlal
5.38500E+00 .
4344 51631 B434  TA155 80919 90881 10044 11021 11997 12873 13849 14926 13 | 542338E400  1.02077E06 ® Chl'Sq uare
Walue x 5.ATITSED0 o . g
e e e o HaIf-LogIStIC

21/02/23 Parametric probability distributions 15



Parametric distributions in HistAn

{& HistAn: Table of applicable histograms with parametric probability distribution

Statistical moments of raw data

Characteristics of d
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Coefficient of determination
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2 _
. Syx + 2. 2 = Y). (Y; — )

Sy

Parametric probability distributions

2
S
— €(0,1)
Sy

intervals

o 1
2:_ a2
Sy = E (vi —¥)
l

1
~ sE=o ) (-
i

variances for n 1
2 _ § 2
Syx = - (yi_Yi)
n 4
— l

. the value of the probability density

function of the parametric
distribution at the respective value Xx;

. mean value from all y;
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Residual sum of squares

1
A — V)2
fix) 4 Scatter Syx = E (y; — Y)
l

Desired minimum value

Y; ... the value of the probability density
function of the parametric
distribution at the respective value x;
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Use of parametric distributions in HistAn
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:'._M HistAn - Version1.5.6.4
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