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Table 3.1: Probability densities. The formulas for the Gaussian, Laplace, Huber,
Cauchy and Student’s t distribution are listed together with the parameters defining the
distributions. The error function is denoted by erf and the gamma function by �. Note
that the distribution parameter � has a di↵erent meaning for the di↵erent distributions
and is not comparable across these. This Table has been adopted from Table 1 from the
author’s publication (Maier et al., 2017).

probability density p(ȳ|y,') distribution parameters '

Gaussian
1p

2⇡�G
exp

✓
� 1

2

⇣
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tribution have well-defined moments for all values for the distribution parameters, the

Students’t distribution only has finite mean ... for and finite variance for ..., is the vari-

ance of the variance of the Cauchy distribution is always infinite. Heavy tailed is a clear

definition... heavier tailed which we do not mean here. Thus we refer to the Laplace, Hu-

ber, Cauchy and Student’s t distribution in the following as heavier-tailed distributions,

since their tails are heavier than the tails of a Gaussian distribution.

For parameter estimation, the distributions are used in the likelihood function (??).

3.1.2 Simulation example: Conversion reaction

Conversion processes occur often in biology. They involve two biochemical species A and

B and the conversion between these species with rates k1 and k2. The ODEs describing

this process are given by

ẋ1 = �k1x1 + k2x2 , x1(0) = 1 ,

ẋ2 = k1x1 � k2x2 , x2(0) = 0 ,

with x1 and x2 denoting the concentrations of A and B, respectively. For the simulated

data, x2 is measured yielding the observation function y = h(x, ) = s ·x2. The parameter
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� |  ⌧

exp

⇣
� 1

2

⇣
2⌧ | ȳ�y
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(ȳ�y)2+�2 scale � > 0

Student’s t
�
⇣

⌫+1
2

⌘

�( ⌫
2 )

p
⇡⌫�

✓
1 +

1
⌫

⇣
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