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General Paper Plane Theory:
~Arrow-type paper planes fly ...
dependent on their wing span...”
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Findings from ,, General Paper
Plane Theory”

Data from experiments
Additional knowledge like
Physikal laws, ...




Mathematical Modelling and Simulation
Abstract Example

A
| need to know it
in advance

Does the paper plane fly ‘
further than 5m? ]

Mathematical paper

____ I plane model

u2

NO

arrow-type
General Paper Plane Theory:

~Arrow-type paper planes fly ...

dependent on their wing span...”

Mathematical
Modelling and
Simulation

dwh

technical solutions
simulation services

Simulation

—

In 2% of all
cases.




Mathematical Modelling and Simulation mmmemm

Modelling and
Abstract Example Simulation
dwh
technical solutions
A simulation services
| need to know it
in advance
Does the paper plane fly ‘
further than 5m? ]
: Simulation
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No Model Uncertainty:

arrow-type :
General Paper Plane Theory: * Previous knowledge cannot

~Arrow-type paper planes fly ...

be used directly
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dependent on their wing span... influence factors
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How is SARS-CoV-2 going
to spread in Austria?
What consequences will
the epidemic of COVID-19
have on the population?




Mathematical Modelling and Simulation

COVID-19

How is SARS-CoV-2 going
to spread in Austria?

Italy + Austria

A+

What consequences will
the epidemic of COVID-19
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SARS CoV-2 +#
Influenza

Unintentional ,,experiments”:
data from countries in which
the virus has started spreading
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General knowledge about
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Unintentional ,,experiments”:
data from countries in which

 ltaly # Austria
4 the virus has started spreading

earlier Information / data from
S ———————————— countries with more
How is SARS-CoV-2 going COVID-19 simulation ,COVID-19 experience”
t d in Austria? model « General knowledge about the
O Spread in Austrias oo spread of infectious diseases
What consequences will — CA , in Austria
the epidemic of COVID-19 f, ~ _IgIS 81 ' Agditti‘:ﬂa' causz: k?‘?"‘]ﬁ'e‘:?’e
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have on the population? ' R = I diseases (SIR)
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viruses, and the health care
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data from countries in which

 ltaly # Austria
4 the virus has started spreading

earlier Information / data from
S ———————————— countries with more

How is SARS-CoV-2 going COVID-19 simulation .COVID-19 experience

d in Austria? model + General knowledge about the
to spread In Austria? . oo spread of infectious diseases
What consequences will — CA , in Austria
the epidemic of COVID-19 S’ = —alS * Additional causal knowledge

I'=alS — I about the spread of infectious

have on the population? ' R = Bl diseases (SIR)
General knowledge about Model Uncertainty ?
« SARS CoV-2 = Influenza, other corona
viruses, and the health care
system
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Short introduction into
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data based models causal models

 much data
« little logic

« (a little bit) less data
« much logic

good qualitative
forecasting capabilities
Status quo more
difficult to fit

« uses meta information
about the system

« extrapolation of
current trends

« good fit of current
numbers

« statistical methods,
machine learning, ...
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extrapolation of
current trends
good fit of current
numbers

statistical methods,
machine learning, ...
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forecasting capabilities

uses meta information

« much logic
data
A ¥
causalities | method [—{ solution
good qualitative
Status quo more
ditticult to fit
about the system
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new infections
per day

persons becoming
infectious per day

susceptible

persons recovering

exposed
P per day

« SEIR Strategy

« ,Exposed” = persons within latency
time

« time-delayed epidemics behaviour

infectious

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

exposed
‘ﬁ | infectious
asymptomatic
infectious < > <> home hospitalised hospitalised
T — = quarantined severe critical

resistant deceased
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- infectious
person

\' ) susceptible + agent-based
- person models
~\ resistant  Markov Models
person « DES Models
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models
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 ,No-Free-Lunch
macroscopic/
aggregated All model types have advantages
models .
and disadvantages

= « Every model is developed for a

B certain purpose
models It should only be used for this
& @ purpose and only within its range
) )

9 A @ of validity
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Responsible for

modelling of
Policy Module policies

Responsible for ‘ ‘ Responsible for

creating agent- Contact . modelling the
Disease disease progression

agent contacts
Module
‘ | Module '

Responsible for
creating and
managing agents as
well as death and
birth processes

Population Module
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Every real inhabitant is repesented by a|statistically representative|
virtual inhabitant (a so called agent)

Sampling
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Contacts between agents are
not direct but agent-

location-agent
contacts

Location types: households,
schools, workplaces

Additonal

agent-agent
leisure time contacts
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« Disease progression is
handled in form of a flow-chart

« Each agent uses is own
discrete-event simulator

infectious

age 38
female

mcubation latency
time time

reaction time

recovery tume

 EE—
Infection

infected=true
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Infectious
infectious=true

— —

Finish Incubation

yes
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(] Events
<> Branches

A5

P ic?

no
Symptom Onset
symtoms = tfrue

React on Disease

confirmed = true

yes
needs hospital?

Hospitalisation
hospitalised = true

|

'l Y
Asymptomatic Disease

recovery time L
asymptomatic \_ asymptomatic = frue y

( Recovery/ Removal |

resistant=trie
infected=false
infectious = false
gquarantined = false
hospitalised = false
critical = false

ves \  symptoms=false )

Home Isolation Standard Bed ICU Bed
guarantined = true critical = true

Recovery / Removal
resistant=true
infected=false

infectious = false
quarantined = false

haospitalised = false
critical = false
symptoms=false
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Unintentional ,,experiments”:
data from countries in which

 ltaly # Austria
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earlier Information / data from
S ———————————— countries with more

How is SARS-CoV-2 going COVID-19 simulation .COVID-19 experience
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Forecast Uncertainty

Model Errors.

« Every model is a simplified version of Feedback Loop.
reality: « Every forecasts is only valid for a
potentially important mechanisms system that does not change
might not included or insuffiently « Even published forecasts might
known change the system behaviour

Data Errors
« All data sources for COVID-19 are

heavily biased

NEWS NEWS NEWS
., ... scientists forecast Millions - » --. gOVernment reacts on - , -.. all prognoses were wrong!
of infected persons...* forecasts and introduces Can we trust the scientists?*
lockdown measures ...“
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lations are currently our only way to get an idea of

what lies ahead of us

simu
Consequently they are and will remain a vital element for

Though the uncertainty is huge, computer models and
decision support of COVID-19 policy makers
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Thank you for your attention
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