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Quality Control for Monte Carlo Samplers
● Several sampling solutions exist to solve numerical problems

● Samplers often developed and tested for specific problems 

→  Challenge to find the correct sampler for different use cases

● Goal: Universal framework for quality tests  of Monte Carlo 

samplers

○ Collect test functions/problems 

○ Collect metrics and samplers

○ Establish a database for comparison/validation of 

sampling quality

● How do we compare samples ?

● General idea: build test statistics for each metric and problem 

using IID/truth

○ Compare to metrics (or their distribution) of sampled 

distributions

Which sampler is “wrong”?

a)

b)

c)
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Design Concepts of Test Suite

● Main focus on easy expandability for samplers, test functions and test metrics

● IID sampling for comparisons of test metrics 

test cases

●functional form
●dimensionality
●param bounds

→ IID sampleable

samplers/samples

● read/generate 
samples

● additional infos, 
ESS, autocorr

test metrics

●information on 
calculating metric 
with samples
●additional infos 
(two-sample test? 
name? dims?)

sampler test 
statistic

iid test 
statistic

comparison for 
quality



MCBench - Monte Carlo Benchmark Suite 4

MCBench - Quality Control for Monte Carlo Samplers
● Collection of Test Functions

● (easy expandable) collection of metrics (both 

one-sample and two-sample metrics)

● for more infos see the github documentation

https://github.com/tudo-physik-e4/MCBench

https://arxiv.org/abs/2501.03138

https://github.com/tudo-physik-e4/MCBench
https://arxiv.org/abs/2501.03138
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Test Suite Workflow
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Simple Example, 3D Unit Normal 
● Defining Test case (using the Distributions.jl package):

● Building test statistic for metrics with IID and BAT MH sampler

● Example: Mean of marginal distribution 

○ Normalize in terms of IID test statistic
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3D Normal vs mixture model
● Running testsuite using Metropolis-Hastings

● Two models in comparison

○ 3D standard normal

○ 3D mixture model with multiple modes far 

apart

● Compare a set of metrics using both models

● Benchmark suite reflects difficulties in sampling 

multimodal distributions 
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Summary and Conclusions

● about 100k points per metric for iid, and about 350 points per metric (right side)

● Developed a test suite (in the julia 
programming language 

● Compare samplers to IID samples using metrics

● Provide a selection of (IID sampleable) test 
functions and (one and two-sample) metrics

● Visit our suite on github and paper on arxiv
○ https://github.com/tudo-physik-e4/MCBench
○ https://arxiv.org/abs/2501.03138

● Add full test case support for different platforms 
(R, stan, pymc) including testpoints 

● Lookout to include more complex test cases and 
applications 

Next Steps:

https://github.com/tudo-physik-e4/MCBench
https://arxiv.org/abs/2501.03138
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