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



03
BAYESIAN DECISION THEORY
AND EXPERIMENTAL DESIGN
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Bayesian decision theory



Classification of cosmic web-types

https://arxiv.org/abs/1502.02690
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A decision rule for structure classification

https://arxiv.org/abs/1503.00730
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Gambling with the Universe

https://arxiv.org/abs/1503.00730


Playing the game…

https://arxiv.org/abs/1503.00730
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Bayesian experimental design:
Information-optimal or entropy-maximal acquisition of future cosmological data 

•

https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/2107.00657
https://arxiv.org/abs/1606.06758


03
BAYESIAN HIERARCHICAL 
MODELS



BAYESIAN HIERARCHY: AN 
EXAMPLE
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Bayesian hierarchy from latent variables
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Building the statistical model
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Inferring the slope
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Inferring the full model and sampling
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Bayesian hierarchical models and generalised linear regression
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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


BAYESIAN HIERARCHICAL 
MODELS
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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
https://arxiv.org/abs/1510.05954
https://arxiv.org/abs/1510.05954


BHM example: weak lensing

https://arxiv.org/abs/1505.07840
https://arxiv.org/abs/1505.07840
https://arxiv.org/abs/1505.07840


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

https://arxiv.org/abs/2204.00023
https://arxiv.org/abs/2204.00023
https://arxiv.org/abs/2204.00023
https://arxiv.org/abs/2204.00023
https://arxiv.org/abs/2204.00023
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Back to Wiener filtering



Back to Wiener filtering
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Messenger field and multivariate Wiener filtering

https://arxiv.org/abs/1210.4931
https://arxiv.org/abs/1210.4931
https://arxiv.org/abs/1210.4931
https://arxiv.org/abs/1402.1763
https://arxiv.org/abs/1402.1763
https://arxiv.org/abs/1402.1763
https://arxiv.org/abs/1402.1763
https://arxiv.org/abs/1801.05358
https://arxiv.org/abs/1801.05358
https://arxiv.org/abs/1801.05358
https://arxiv.org/abs/1801.05358
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Bayesian hierarchical models: summary



BAYESIAN HIERARCHICAL 
MODELS FOR JOINT FIELD-
PARAMETER SAMPLING
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A Bayesian hierarchical field-level model
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Exercise: Joint field-parameter 
sampling
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A Bayesian hierarchical field-level model
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A Bayesian hierarchical field-level model
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A Bayesian hierarchical field-level model
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Gradients of the Bayesian hierarchical field-level model and its posterior
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Bayesian hierarchical field-level models: sampling strategy
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Modular probabilistic programming: example

https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/0911.2493
https://arxiv.org/abs/1306.1821
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Field-level inference with hierarchical models: sampler tuning and burn-in
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Field-level inference with hierarchical models: sampler tuning and burn-in



•

Field-level inference with hierarchical models: sampler tuning and burn-in
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Field-level inference with hierarchical models: autocorrelation and convergence
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Field-level inference with hierarchical models: autocorrelation and convergence
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Field-level inference with hierarchical models



Field-level inference with hierarchical models
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Field-level inference with hierarchical models
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Field-level inference with hierarchical models



References and further reading
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https:///
https://arxiv.org/abs/1206.1901
https://arxiv.org/abs/1206.1901
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