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Motivation

m lllustrate the Bayesian framework for parameter
estimation in ODEs

m Contrast with least squares “common sense” approach
m Show state-of-the-art computations
m Use an eye-catching, if somewhat frivolous, application
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ODE Model

In terms of
m susceptibles (humans), S(t)
m zombies, Z(t)
m removed (‘dead’ zombies), R(t)—these may return as
zombies

S = 38z
Z' = BSZ +(R—aSZ
R =aSZ - (R

Given some observations, we wish to, e.g.,
m infer values for the model parameters
m predict future behaviour of the system
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Bayes’ Theorem

P(Y|6, M)P(6|M)
P(Y|M)

PO|Y, M) =

P(O|Y,M) x P(Y|0,M)P(6|M)
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Posterior Outputs
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Predicted Levels at Day 15
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Competing Model?

Zombies only attack in pairs

S = 3872
Z' = (3SZ% + (R—aSZ
R =aSZ — (R

Model comparison is possible with Bayes factors
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Competing Posterior Outputs

Model 1

Model 2
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Bayes factor for Model 1 versus Model 2 is ~ 600
Decisive evidence in favour of Model 1
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Pros and Cons

m Need to specify priors (log barrier function)

m Need to choose an error model in order to construct
likelihood (objective function)

m Need to search and then integrate over high
dimensional space (optimize)

But, we can then quantify uncertainty :
m posterior distribution for model parameters
m posterior model output
m systematic model comparison

ICMS Des Higham Is it Safe to Go Out Yet? 11/11


http://www.mims.manchester.ac.uk/

