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



04 FORECASTS



CONDITIONAL AND MARGINAL 
ERRORS



•
▪

▪

•

•

▪
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Conditional and marginal errors

•

https://arxiv.org/abs/1808.08271
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Conditional and marginal errors
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https://arxiv.org/abs/0906.0664
https://arxiv.org/abs/0906.0664
https://arxiv.org/abs/0906.0664


FISHER MATRIX ANALYSES



•
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Fisher information matrices

•

https://arxiv.org/abs/1110.0345
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Cramér-Rao bound

•

▪

https://arxiv.org/abs/0906.0664
https://arxiv.org/abs/0906.0664
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The Gaussian likelihood case

•

•
▪

▪

Exercise: Fisher information 
matrix for a Gaussian likelihood

https://arxiv.org/abs/astro-ph/9603021
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Fisher forecasts in practice

https://arxiv.org/abs/astro-ph/0609591
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Advantages and limitations of Fisher forecasts

https://arxiv.org/abs/1205.3984
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𝑥 𝑦

▪

Generalisation of Fisher matrices

https://arxiv.org/pdf/1401.6892
https://arxiv.org/abs/1606.06455


BAYESIAN PREDICTION



•

•

Predictions: the Bayesian perspective

•

LEVEL 2:LEVEL 1:LEVEL 0:



•

• LEVEL 0:              

• LEVEL 1:

• LEVEL 2: 

The posterior predictive distribution



•

𝑥 𝑦

•

Posterior predictive tests

•

▪

▪

•

Exercise: Bayesian linear model –
Posterior predictive test



•

Bayesian prediction of new data



GAUSSIAN PROCESSES



•
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Gaussian process regression (a.k.a. kriging)

•

•

https://gaussianprocess.org/gpml/chapters/
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Mean and kernel selection

•

▪

▪

•

https://gaussianprocess.org/gpml/chapters/
https://gaussianprocess.org/gpml/chapters/


04
IMPLICIT LIKELIHOOD 
INFERENCE



•

•

▪

Simulations and implicit likelihood



Everything is included in the joint probability of parameters and data



Everything is included in the joint probability of parameters and data

https://arxiv.org/abs/2402.05137
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▪

Implicit (likelihood) inference
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Implicit (likelihood) inference

https://arxiv.org/abs/2311.05742


APPROXIMATE BAYESIAN 
COMPUTATION
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Approximate Bayesian Computation (ABC)
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▪
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•

Likelihood-free rejection sampling



ADVANCED IMPLICIT 
LIKELIHOOD INFERENCE



Challenges for implicit inference

https://arxiv.org/abs/2209.11057


Avenues beyond traditional implicit inference techniques

https://arxiv.org/abs/1911.01429


Why is likelihood-free rejection sampling so expensive?



Proposed solution: Bayesian optimisation for likelihood-free inference (BOLFI)

https://arxiv.org/abs/1501.03291
https://arxiv.org/abs/1805.07152


▪

▪

Regressing the effective likelihood (points 1 & 2)



▪

▪

▪

Data acquisition (points 3 & 4)



Data acquisition: example

https://arxiv.org/abs/1805.07152


•

Data acquisition: example

https://github.com/fmfn/BayesianOptimization


Avenues beyond traditional implicit inference techniques

https://arxiv.org/abs/1911.01429
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Machine-learning enhanced implicit inference



Accuracy comparison of different neural implicit inference techniques

https://arxiv.org/abs/2402.05137


Many flavours of implicit inference

https://arxiv.org/abs/1911.01429


DATA COMPRESSION



•

•

▪

▪

Score compression

https://arxiv.org/abs/astro-ph/9911102
https://arxiv.org/abs/1712.00012
https://arxiv.org/abs/1707.06529
https://arxiv.org/abs/1903.01473
https://arxiv.org/abs/astro-ph/9911102
https://arxiv.org/abs/1712.00012


•
▪
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Neural data compression

https://arxiv.org/abs/1802.03537
https://arxiv.org/abs/2107.07405
https://arxiv.org/abs/2410.07548


CHOOSING THE METHOD



Probabilistic computations: two approaches

(a personal point of view)



Explicit likelihood inference methods



Implicit likelihood inference methods



References and acknowledgements
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