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Jaynes’s “probability theory”: an extension of ordinary Boolean logic



03
BAYESIAN MODEL 
COMPARISON



Three levels of inference

LEVEL 1: LEVEL 2: LEVEL 3:
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MODEL COMPARISON
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Bayesian inference

INPUTS OUTPUTS

Likelihood Prior Posterior Evidence
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•

•
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Model selection



Evidence for a toy model



Evidence for polynomial fits



An automatic Occam’s razor

•

•



The evidence as predictive probability
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▪

▪



•

•

•
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Decisiveness and the Bayes factor



•
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Jeffreys’ scale: scale for the strength of evidence

|ln𝑩𝟏𝟐|



•

•
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A particular case: nested models

•

•

Λ

𝑤 = −1
𝑤0 = −1 𝑤𝑎 = 0

𝑤
𝑤0 = 𝑤 𝑤𝑎 = 0 𝑤0𝑤𝑎

https://arxiv.org/abs/0803.4089


A particular case: nested models

https://arxiv.org/abs/0803.4089
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Model comparison example: looking for a signal
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Model comparison example: looking for a signal
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Model comparison example: looking for a signal
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•

▪



MODEL COMPARISON IN 
PRACTICE
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Model comparison in practice
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•

⇒

•

Full thermodynamic integration

•

•

•

Nested sampling MCEvidence

https://github.com/rjw57/MultiNest
https://github.com/PolyChord/PolyChordLite
https://github.com/yabebalFantaye/MCEvidence
https://doi.org/10.1063/1.1835238
https://arxiv.org/abs/astro-ph/0508461
https://arxiv.org/abs/0809.3437
https://arxiv.org/abs/0809.3437
https://arxiv.org/abs/1110.2997
https://arxiv.org/abs/1502.01856
https://arxiv.org/abs/1704.03472
https://arxiv.org/abs/1704.03467
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Laplace approximation
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Savage-Dickey density ratio (SDDR)

•

•

https://doi.org/10.1214/aoms/1177693507
https://doi.org/10.1080/01621459.1995.10476554


•

•

Derivation of the SDDR

https://doi.org/10.1214/aoms/1177693507
https://doi.org/10.1080/01621459.1995.10476554
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Comments on the Savage-Dickey density ratio
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Information criteria •

•

•
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▪

•

▪

https://arxiv.org/abs/0803.4089


MODEL AVERAGING
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Model averaging

•



•

Model averaging: example

https://arxiv.org/abs/astro-ph/0610126
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▪
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Bayesian model comparison: summary



03
BAYESIAN DECISION THEORY 
AND EXPERIMENTAL DESIGN



BAYESIAN DECISION THEORY
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Bayesian decision theory
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▪

•

•
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Example: Bayesian alerts Exercise: Bayesian alerts



Classification of cosmic web-types

https://arxiv.org/abs/1502.02690


•

•

•

•

A decision rule for structure classification

https://arxiv.org/abs/1503.00730


•

•

• ⇒

•

Gambling with the Universe

https://arxiv.org/abs/1503.00730


Playing the game…

https://arxiv.org/abs/1503.00730


BAYESIAN EXPERIMENTAL 
DESIGN
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▪

▪

▪

•

Experiment utility and optimisation



•
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Experiment utility and optimisation



•

•

•

Bayesian experimental design: example

▪ ▪

Exercise: Bayesian linear model –
Bayesian experimental design

https://doi.org/10.1017/CBO9780511802461


•

•

Bayesian experimental design: example

https://doi.org/10.1017/CBO9780511802461


•

•

•

Bayesian experimental design: example

https://doi.org/10.1017/CBO9780511802461


•

•

•

Bayesian experimental design: example

https://doi.org/10.1017/CBO9780511802461


•

•

▪

Bayesian experimental design: example

•

•

▪

▪

https://doi.org/10.1017/CBO9780511802461


Bayesian experimental design: example

https://doi.org/10.1017/CBO9780511802461


03
BAYESIAN NETWORKS AND 
HIERARCHICAL MODELS



BAYESIAN HIERARCHY: AN 
EXAMPLE



Exercise: Bayesian linear model –
Bayesian hierarchical model

•

•

•

•

•

•

Bayesian hierarchy from latent variables



•

Building the statistical model

•

•

•

•

•

•

•



•

•

Inferring the slope



•

•

•

•

▪

▪

Inferring the full model and sampling



•

•

•

▪

▪

Bayesian hierarchical models and generalised linear regression

•

•

https://doi.org/10.1007/978-94-015-7860-8_55
http://bayes.wustl.edu/etj/articles/leapz.pdf
https://doi.org/10.1017/CBO9780511790942
https://arxiv.org/abs/0705.2774
https://arxiv.org/abs/1102.3237


BAYESIAN HIERARCHICAL 
MODELS



•

•

•

▪

▪

Bayesian hierarchical models for adapting the prior
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Many sources of variability



•

•

•
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Bayesian hierarchical models for complex problems
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▪

▪

•

•

▪

•

•

▪



BHM example: supernova cosmology (BAHAMAS)

https://arxiv.org/abs/1510.05954


BHM example: weak lensing

https://arxiv.org/abs/1505.07840


BHM example: large-scale structure inference from peculiar velocity tracers

https://arxiv.org/abs/2204.00023


•

Back to Wiener filtering



Back to Wiener filtering

•
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▪

▪

•
▪

▪
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Messenger field and multivariate Wiener filtering

https://arxiv.org/abs/1210.4931
https://arxiv.org/abs/1402.1763
https://arxiv.org/abs/1801.05358


•

•

•

•

•

•

Bayesian hierarchical models: summary



BAYESIAN NETWORKS
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▪

▪

•

•

Bayesian networks



•

Bayesian networks: example

Full joint probability



•

•

Bayesian networks: example

Inference and prediction



•

•

•

Bayesian networks: example

The “explaining away” phenomenon



•

Malmquist bias

https://ui.adsabs.harvard.edu/abs/1922MeLuF.100....1M
https://ui.adsabs.harvard.edu/abs/1925MeLuF.106....1M


EMPIRICAL BAYES



•

•

•
▪

Empirical Bayes

An alternative to maximum entropy for choosing priors
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