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The Bayesian Analysis Toolkit (BAT) 
• A so6ware package for Bayesian inference. Typical tasks:

• Es?mate model parameters 

𝑃 𝝀 𝐷 =
𝑃 𝐷 𝝀 𝑃(𝝀)

∫𝑃 𝐷 𝝀 𝑃 𝝀 𝑑𝝀
• Es?mate model evidence  (Bayes factors) 

𝑍 = *𝑃 𝐷 𝝀 𝑃 𝝀 𝑑𝝀

• Quickly report and plot results 

• Original BAT C++ (~2009): Very successful over the years, > 320 cita?ons (INSPIRE):
Caldwell, Allen, Daniel Kollar, and Kevin Kröninger. "BAT–The Bayesian analysis toolkit." Computer Physics CommunicaBons
180.11 (2009): 2197-2209.

• Upgraded to BAT.jl in Julia (started in 2017, released v2.0 in December 2020):
Schulz, Oliver, et al. "BAT. jl: A Julia-Based Tool for Bayesian Inference." SN Computer Science 2.3 (2021): 1-17.
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https://www.sciencedirect.com/science/article/abs/pii/S0010465509002045
https://link.springer.com/article/10.1007/s42979-021-00626-4


BAT.jl, the new BAT 

• Core philosophy of the package 
• User provides likelihood (typically expensive, high data volumes, etc.) BAT does the rest 
• Designed for any scientific field with complex models, not just physics
• Easy to use with defaults, but allow for detailed fine-tuning 

• Functionalities of BAT.jl
• Posterior space exploration via Markov chain Monte-Carlo (Metropolis-Hastings, Hamiltonian 

Monte Carlo) Nested Sampling, Sobol and Importance sampling
• Sampling with space partition
• Parallel execution of chains 
• Integration of non-normalized posteriors (AHMI and Cuba algorithms)
• Automatic space transformations to convert target density into space suitable for algorithm 
• Report, visualize, save results
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BAT.jl, the new BAT 

• Addi?onal func?onali?es from Julia
• Excellent auto-differen?a?on (mode-finding, HMC)
• Deep support for parallel opera?on (mul?threaded and distributed)
• Excellent package management 
• Easy calls to other programming languages 

• Team
• Max Planck Ins?tute for Physics: A. Caldwell, O. Schulz (project lead), V. 

Hafych, S. Hayashi, L. Shtembari
• TU-Dortmund: K. Kröninger, C. Grunwald, S. La Cagnina
• ORIGINS Data Science Lab : F. Capel, P. Eller, J. Knollmüller
• Master and Bachelor students 
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Example: Evidence Estimation

• Approximate Bayes’ factor given samples Λ ~ 𝑓(𝝀)

𝑍 = *𝑓(𝝀)𝑑𝝀

• Harmonic Mean Estimate

-𝑍 ≈
NΩ𝑉"
∑#

1
𝑓(Λ )

• Not stable at 𝑓(Λ) → 0

Δ!, 𝑁!
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• Adap?ve (AHMI) subvolumes ∆$ with well-behaved 𝑓(Λ)
-𝑍$ ≈

NΩ𝑉∆!
∑#&∆!

1
𝑓 Λ

• Use robust and unbiased es?mator to combine the final result

-𝑍 = 6
$

𝜔$𝑍$

𝜔$ =
1
𝜎$'

∕ 6
(∈*"#$%

1/𝜎('

• Currently applicable to problems with <20 dimensions

• Upgrade to spherical volumes is in development

See more: Caldwell, Allen, et al. "Integra?on with an adap?ve harmonic mean 
algorithm." Interna'onal Journal of Modern Physics A 35.24 (2020): 2050142.
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Example: Evidence Es>ma>on



Example: Sampling with Space Partitioning

• Goal 
• Sample multimodal densities
• Utilize distributed computing

• Idea
• Quick space exploration
• Divide space by multiple (simpler) subspaces
• Sample them independently
• Reweight (using AHMI) and stitch samples 

together
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Example: Sampling with Space Par>>oning

• Results
• Improved tuning and convergence
• Less correlated samples
• Provides Bayes factor 
• Currently limited to problems with <20 

dimensions 

See more: Hafych, Vasyl, et al. "Parallelizing MCMC 
Sampling via Space Par??oning." arXiv preprint 
arXiv:2008.03098 (2020).
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Example Run

• Generate synthetic data

• Define likelihood & sampler

• Sample 

• Report and visualize results 

Try out our tutorial: 
https://bat.github.io/BAT.jl/
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https://bat.github.io/BAT.jl/dev/tutorial/


Conclusions 

• BAT concept: User brings domain knowledge and likelihood, BAT provides robust sampling, 
integra?on, and visualiza?on

• Many algorithms are already implemented (MH, HMC, AHMI, Nested Sampling, etc.)

• Julia’s benefits: Easy to write code, enriches func?onality by auto differen?a?on, paralleliza?on, 
and packages infrastructure

• Many more to come: AHMI with spherical volumes, bridge sampling, integrate MINUIT.jl, more 
algorithms, and lot's of ideas 
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Thank you for your attention!
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