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Outline / Info 4#7
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A Who are we?

A Motivation for spatial resolution

A Software aspects: Efficiency and performance

A Metapopulation models with epidemic control application

A Spatially resolved Aurrogate models for otthe-fly computation

A Agentbased models with some applications
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A Concluding

A In many places, | will only present a very brief insight into the model or the application and | am happy to discussai®ed day time.
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We care not enough about spatlal resolution

* With which strictness to act?

Act at all ?
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Aggregated metricsé

A éonl y blygrred ;mformation and intervention strictness is unclear

Aédo not botal astion éndtargeted deployment of limited resources

Post-COVID-e r a : For many di seases, not enoug

A Data will increase substantially with digitisation and digital tools in the next decades

A Develop advanced models such that they are ready to use when data is

A Pandemic preparedness

Act acall ?




Missing out spatial resolution: some reasons 4#7
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Infected persons

—— With mobility

—— Without mobilty A If it looks like that, you do not use
the degrees of freedom and power in
spatially resolved models
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* ODE: Ordinary differential equations




Time
= . (c) C 1.00
Chances of efficiency and performance||orst | 1o
(c) C++ 1.56
Factor 100-1000 (o Ada I85 DLR

. (v) Java 1.89
\ Python g (c) Chapel 2.14
10° () Go 2.83
' (c) Pascal 3.02
’ (¢) Ocaml 3.09
P (v) C# 3.14
CUDA single-core g (v) [.-iS]'J 340
R e (c) Haskell 3.55
£ % g ® () Swift 4.20
= g (c) Fortran 4.20
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C‘),t E (i) JavaScript 6.52
o Numbag . (i) Dart 6.67
- (v) Racket 11.27
] Fortrang @i (i) Hack 26.99
s (i) PHP 27.64
g (v) Erlang 36.71
(i) Jru 43.44
Scuna gusi-cor (i T}r;gfjcript 46.20
100 e : , , (i) Ruby 59.34
10" 10° o 10° (i) Perl 65.79
Time to solution (day) {1} P}'thﬂﬂ 71.90
Portegies Zwart, Nature Astronomy (2020) (i) Lua 82.91

Factor 100 Pereira et al., SLE®617 (2017

A In hardware or other contexts: Would we build solutions for (time) critical tasks that are more than 50 times slow:

use that more energy for the same task?
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Missing out spatial resolution: Reasons and chances 4#7
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Missing out spatial resolution: Reasons and chances 4#7
DLR

HOME LISTS - STATISTICS - RESOURCES - ABOUT ~ MEDIA KIT

Home »D0E/NNSA/LLNL »EL Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz...

EL CAPITAN - HPE CRAY EX255A, AMD 4TH GEN EPYC 24C
1.8GHZ, AMD INSTINCT MI300A, SLINGSHOT-11, TOSS

Site: DOE/NNSA/LLNL

Manufacturer: HFE

Cores: 11,039,616



Missing out spatial resolution: Reasons and chances 4#7
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In computational physics, problems with trillions of degrees of freedom are solved* reséeé

- Why shoul dndét we be able to solve so

- Why shoul dnot we be able to solve s

A * Gmeiner et al., Journal of Computational Science, 2016.

Manufacturer: HFE

Cores: 11,032,614




From simple ODE to metapopulation 4#7
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Susceptible population
Infected /Infectious population
Total population

Contact rate

= © =2 ~ W

Transmission probability




From simple ODE to metapopulation
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From simple ODE to metapopulation
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From simple ODE to metapopulation 4#7
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dSq 1 1
L= shipmSin - D
dt 2 P ~—
~ ~ - Commuting phase
No commuting phase

h;; : Commuter from region ¢ to j

ds; 1 I, I° : commuting infectious
7 =% asppS — B
dt Ps ~—
~ ~~ - Commuting phase
No commuting phase

I" : remaining infectious

P = th
N; =P, — thﬁZhﬂ
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dS2 1¢ I g B
1@ 2pP2 2 N,
N ~~ -~ Commuting phase

No commuting phase
Gerstein et al, in preparation, 2025



From simple ODE to metapopulation 4#7
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Gerstein et al, in preparation, 2025



From simple ODE to metapopulation

A For uniformly distributed cases, the models should return the same output

Basic reproduction numbers for different numbers of regions.

DLR

Number of Regions | Model A Model B Model C

4.48161 4.48161
2 4.48161 4.48161
5 4.48161 4.48161
10 4.48161 4.48161
20 4.48161 4.48161
50 4.48161 4.48161

Gerstein et al, in preparation, 2025




From simple ODE to metapopulation: A GraQ)DE alternative 4#7
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dt

Kihn et al, Mathematical Biosciences, 2021
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A Use a graph with regions
as nodes

A One edge per, e.g., pair
(infection state, age group)

A Advance nodes in parallel
from t to t+0.5 and from
t+0.5 to t+1

Advantage
A Parallelism

Disadvantage

A Returning commuters need
to be approximated

A Theory more complex



Run time [seconds]

ODE vs. GrapDE metapopulation

Sequential runtime
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Henrik Zunker

Carlotta Gerstein
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Application: Numerical assessment t
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Four different initial scenarios. Random initial incidence (weekly cases per 100 000
individuals) of 78.50 for 220% of the counties and incidence below 10 otherwise

A Test of commuters coming from red zones
A 75 % detection ratio (averaged value for mix of massive deployment of antigen tests plus PERFRRAMI pool tests)

A Considering different frequencies (daily, twice per week, ...)



Applicati on: Numer i cal assessment

A TO, T1, T2, T5: No testing, testing once, twice or five times per week DLR
A L: Lockdown
A D1W, D3W: Implementations of interventions with one or three weeks delay

L, T5,D1W L; T5 D3W __ L. T2 D1W L, T2, D3W

Simulated spread of SAR®\/2 cases for one initial scenario of about 18 % red
zones and 8 different strategies. Median result after 30 days of simulation time.

Kihn et al., BMC Infectious Diseases (2022) Control (2022)
https://doi.orq/10.1186/s12879-022-07302-9
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Appl i1 cati on: Numer i cal assessment

Counties in lockdown Lockdowns after initial setting DLR
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Day from start Scenario (Initial SARS-CoV-2 distribution)

A TO, T1, T2, T5: No testing, testing once, twice or five times per week
A L, L+: Lockdown or strict lockdown
A D1W, D3W: Implementations of interventions with one or three weeks delay
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Kihn et al., BMC Infectious Diseases (2022) Control (2022)
https://doi.org/10.1186/s12879-022-07302-9
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ODE-based metapopulation with feedback

mechanism DLR

Henrik Zunker

A Integration of spatially resolved human behavior a.  Meta-population model or b. Within-node dynarmics

Germany

A Feedback loop based on perceived risk with memory kernel e

Illl) QD

Sev,i
dynami Hos ltallzed
adaptation <f sev resym
effective contacts
lkl II"I

Syl

Suscephble Exposed [lf;,f,%sglggg Recovered
External w

contagion induced
by mobility

ANominal ICU capacity as threshold for regulation measures

ARegulation updates the effective contact rate

~sl

Infectlous
pre/asympt.

a b
a Yimax = 0.1 Wmax =05 b Ymax = 0.1 Ymax = 0.5
102 102 10° 10° 60 -
mitigation suppression - — >
10t 4 10! - 102 102 4 . s % % 0.30 - gg
cC ©
- - | = ® i
100 l’ \ 100 I “ 10! mitigation 10* suppression o g g 0.20 Qf 40
1 .20 1 22
o T T T T o T T T T 10° T T T 10° T T T < © g == Regional prox. 840‘
80 100 120 140 160 80 100 120 140 160 80 100 120 140 160 80 100 120 140 160 g %‘8 Federal state 62 201
] -
Lgp o Hrex=02 Lot - Vmx=08 Lop o Ymex=02 L3 Ymen =05 3> % = 0.10 1 National D5
a
E R 9 01
S 10 A NN"\ 10! o 107 10t ., T T T T T T T T T T
5 ® - L l""‘ 0 50 100 150 200 0 50 100 150 200
a2 S 10 10
g %] IJ l o L c d
= 0 T T T o T T T ; 10° T T T 10° T T 1
e 80 100 120 140 160 80 100 120 140 160 ] 80 100 120 140 160 80 100 120 140 160 -
S - - Q - - o0 4 Qu B
O g o Ymu=03 17 o Ymax=07 S g g ¥mc03 L3 g men =07 2 8 0.50 o2 6
[ QO e @ ©
o = . AT o co o<
£ 10" 10! 107 7 1077 noxs 35 4
] ' Ba © 3030 1 83
< 10° 100 0] 1047 g co 88
i | ] El@D - J
0 T T T T 0 T T T T 10° T T T T 1074 T T T T 3> [ o] 5 2
80 100 120 140 160 80 100 120 140 160 80 100 120 140 160 80 100 120 140 160 = 0.10 4 Qa .
. . = ° ]
gz o Ymm=04 107 Yo =038 o Yma=04 . Ymax=08 ; . . . © 0 ; ; ; . Rls — (202 f;)
10 10 ,
0 50 100 150 200 0 50 100 150 200 e
10t 10! m 102 ] - e 102 -
W i 10 | 10 ] ﬁ Days . . Days . .
100 100 l from the start of the simulation from the start of the simulation
0 o T T T T 10° T T T T 10° T T T T

80 100 120 140 160 80 100 12(? 140 1.60 80 100 120 140 160 80 100 12l0 140 .160 httDS://doi.orq/lO.1016/i.ChaOS.2025.116782
Day of peak (from the start of the simulation) Day of peak (from the start of the simulation) ¥ T
Zunker et al., Chaos, Solitons & Fractals (2025)
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Henrik Zunker
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Zunker et al., PLOS Comp Bio (2024)
https://doi.org/10.1371/journal.pcbi.1012630 Metapop (2024)
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Al-based on-the-fly computation

for web applications

A Simulate spatially resolved expert models

A Train spatially resolved AurrogateGraph Neural
2y SELISNI Y2RSf
A Enables lowbarrier web access for decision makers

bSiég2N] &0

A Timely reaction for pandemic mitigation
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Input Graph neurlal network Output
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GNN (2025)

Original (3 contact changes)

Schmidt et al., Submitted (2025) https://arxiv.org/abs/2411.06500
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Federated learning with differential privacy

A Centralizing data challenging due to high sensitivity and privacy constraints DLR

A Federated learning train a shared model without centralizing raw data

A Differential privacy ensures protection of private and sensitive data
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Agentbased modeling

A Model individuals (or households) as individual agents

A Computational cost scales (super)linearly with number of agentsg
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Algorithm 1: Trip-based agent-based simulation

1
2
3
t; 4

5]

L1 eR
while t <1{,_.. do

for each location do
L Execute agents’ interactions

for each agent do
L Perform individual movement

L+ 1+ At

ty



Agentbased modeling: Testing strategies

Testing Scheme 1

/ﬂ\ Work & School
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Testing Scheme 3
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50% Probability

1 week valid
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ABM: Application to cityscale ﬂ 4#7
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Sascha Korf

A Approximately370.000personsfrom Brunswick andhe surroundingarea

A Over 1.3million trips per day




Number of tests

ABM: Advanced testing strategies

A Scenario analysis
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Sascha Korf

A Symptomatic vs. general testing
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Kerkmann, Korf et al., Computers in Biology and Medicine (2025)
https://doi.org/10.1016/|.compbiomed.2025.110269

ABM (2025)
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ABM: Effects of missing transmission chains

Outbreak Simulation
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Korf et al., Submitted (2025)
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ABM: Joint ABM-Wastewater model ﬁfﬁj%
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Hybrid agentmetapopulation: Spatial hybrid \%7,\

i DLR

Julia Bicker René Schmieding

Aldea:
A Interest in infection spread in particular region

A Exclusive availability of data specific region
(or computational resources limited)

AConcept:
A Agentbased model in region of interest (focus region)

A ODEbased models for connectadgions

'H Detailed resultgn focus region whileonsidering
iInfluenceof connected regionsn runtime efficient manner

Bicker, Schmieding et al., Infectious Disease Modelling (2025)
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Hybrid agentmetapopulation: Temporal hybric\%

i DLR

Aldea:

ALow case numbers
Highstochasticity and individual behavior is important

AHigh case numbers
Individualbehavior is less influential and single simulation t, t;
outcomes are close taveraged results

A Concept:
Switch between agerbased and ODBased model during the simulation
according to a threshold value

H Capture stochasticity and individual behavior when necessargciourate
outcomeswhile usinguntime advantagewhen possible

Bicker, Schmieding et al., Infectious Disease Modelling (2025)
https://doi.org/10.1016/].idm.2024.12.015
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Proof-of-concept spatial hybrid model

DLR

Julia Bicker René Schmieding

A Setup: 8000 agents, 1% of population initially infected b =
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Proof-of-concept spatial hybrid model

i DLR

AFor400 agents Runtime of spatiahybrid 1 order of magnituddower than for ABM

Julia Bicker René Schmieding

ASpatiathybrid has same scaling behavior like ABM

AFor40,000 agentsSpatialhybrid reduces runtime b98%

Bicker, Schmieding et al., Infectious Disease Modelling (2025)
https://doi.org/10.1016/j.idm.2024.12.015




