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Overview

ÅWhat is and why do we need 
mathematical modelling and 
simulation?

ÅUf_rªq rfc qcapcr `cfglb
epidemiological models?

ÅUf_rªqthe uncertainty of
epidemiological model s?
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Å Dglbgleq dpmk   Eclcp_j N_ncp
Nj_lc Rfcmpw¬

Å Data from experiments
Å Additional knowledge like 

Physikal laws, ...
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Simulation

Model Uncertaint y:

Å Previous knowledge cannot 
be used directly 

Å Impossible to model all 
influence factors

Å ...

Does the paper plane fly 
further than 5m?

General Paper Plane Theory:
 ?ppmu-type paper planes fly ...  
bcnclbclr ml rfcgp ugle qn_l,,,¬

I need to know it 
in advance

No 
arrow-type

Mathematical paper 
plane model
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In 2% of all 
cases... probably
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What are the secrets behind epidemiological 
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data -based 
models

causal 
models

macroscopic/aggregated models

susceptible 
persons

infectious
persons

resistant
persons

new 
infections 
per day

recoveries
per day

Å SIR Strategy
Å Most famous model by Kermack and McKendrick (~1927)
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models?

susceptible

new infections 
per day

exposed

persons becoming 
infectious per day

infectious

resistant

persons recovering 
per day

Å SEIR Strategy
Å Cvnmqcb¬ ;persons within latency 

time
Å time -delayed epidemics behaviour
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susceptible

exposed

infectious

resistant

asymptomatic 
infectious

deceased

home
quarantined

hospitalised
severe

hospitalised
critical

Å Compartment model strategy 
leaves space for any kind of 
model extension 
(SIRS,SEIRS,SIR-X,SIS,...)

data -based 
models

macroscopic/aggregated models
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macroscopic / 
aggregated 
models

microscopic models 
(microsimulations)

susceptible 
person

resistant 
person

infectious 
person

infection

recovery

Å agent -based 
models

Å Markov Models
Å DES Models

data -based 
models

causal 
models



What are the secrets behind epidemiological 

models?

macroscopic/ 
aggregated 
models

microscopic 
models

Å Lm-Free-Jslaf¬
All model types have advantages 
and disadvantages

ÅEvery model is developed for a 
certain purpose 
It should only be used for this 
purpose and only within its range 
of validity

data -based 
models

causal 
models
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COVID-19 Model

Population Module

Contact 
Module

Disease 
Module

Policy Module

Responsible for 
creating and 

managing agents as 
well as death and 

birth processes

Responsible for 
creating agent -
agent contacts

Responsible for 
modelling the 
disease progression

Responsible for 
modelling of 
policies
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COVID-19 Model

Key concept: 
Every real inhabitant is repesented by a statistically representative 
virtual inhabitant (a so called agent )

Sampling


