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. Problem Setting .Simulation Based inference methodology

oal: Bridging the gap between policy makers and Workflow:

science for future pandemics Bayesian approach combined with Al
Requirement: Automatic Bayesian parameter estimation simulations

Research question: Can we use approximate Bayes to speed
up estimation?
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Results and parameter values as input

tting: to Al model (normalising flows)

Compare Markov chain Monte Carlo &
Simulation Based inference ) o
Same (mechanistic) epidemiological model Approximate posterior distribution (NPE)
Different parameters across counties
* data from COVID-19 pandemic

“«

Sample from approxmate posterior
given the observed data

. Compartmental epidemiological model SECIR
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Obtain distributional parameter estimations
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Important: once the neural network is trained,
no need to re-train it for each German county!

.Technical details of SBI

Implemented as

Simulations .
CPU multiple Normalizing flow | patches to python sbi

nodes training GPU ackage [5.6
ray backend P ge [5,6]

.Results
Takes into account parameters such as: contact patterns,
transmission probability on contact, probability of becoming . . . . .
critical if severe, probability of dying if critical etc. !
20 parameters overall. Use Memilio [1] for simulation

Student-t likelihood for new-cases each day [2]
Lognormal priors

. MCMC Methodology

MCMC results

Bl results
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%%’_Q—IH SBI MCMC
" . Running time < 5 min, 48 cores . Running time 15 min
5 \./ ‘ S for up to 10° simulations on 4 cores (rhat < 1.1)
.'/ Y Requires reparametrization . Relaxed priors
'_\ ) o More narrow priors . guaranteed to sample posterior
0, A rejected .'I Posterior . highly parallelizable . limited parallelization
Prior distribution p(6) distribution
PO : - -
MCMC visualization from [3] .Outlook. Inferring hotspots using SBI
Regionally coupled graph models
* Run 4 Markov chains using PyMC [4] * 1 model per county (400) and cross-county travel of infected
* DE-Metropolis-Z, because it does not require gradient according to commuter patterns
*  Each Markov chain must converge to the posterior e Compute time 1 forward simulation 16 seconds
*  Check using rhat statistic < 1.1 ¢  Minimize inference time on Supercomputer using SBI
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