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PUBLISHING STATISTICAL MODELS
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https://indico.cern.ch/event/100458/contributions/2625/attachments/2195/3379/cousins_atlascmscombo_intro_6july10.pdf


HEP Statistics Serialization Standard - HS³

HS3 provides a standardized format for statistical 
models:

❏ Human-readable 
❏ Machine-readable 
❏ Software-independent
❏ Generic, mathematical definitions 
❏ Only from specifications: build your own 

implementation in language of your choice

CURRENT IMPLEMENTATIONS

https://tinyurl.com/hs3-github

JSON(-like) format

https://tinyurl.com/hs3-overleaf

https://indico.cern.ch/event/1294577/contributions/5693326/ ✅ ❌ ❌ ❌3

https://tinyurl.com/hs3-github
https://tinyurl.com/hs3-overleaf
https://indico.cern.ch/event/1294577/contributions/5693326/


THE MISSING LINK

A pythonic well-maintained, user-friendly and 
efficient implementation of HS³.

Build a common core for probability model 
serialization and inference.

❏ Python-based package that enables 
statistical inference using HS³-compatible 
inputs.

❏ Interoperable with the HS³ schema for 
reading and writing.
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HS3

https://cds.cern.ch/record/2900084/files/ATLAS-diagram-DarkMeson-fig2.jpg?subformat=icon-1440


LEARNING FROM PAST SUCCESS …



HISTFACTORY
❏ A mathematical p.d.f template specification for 

the building of statistical models from binned 
distributions and data

❏ Widely used by the HEP community for 
standard model measurements and BSM 
searches

❏ Independent of its implementation in ROOT
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https://cds.cern.ch/record/1456844/files/CERN-OPEN-2012-016.pdf
https://cds.cern.ch/record/2627611/files/Higgsto4l.png?subformat=icon-1440


A python-only implementation of the HistFactory 
model + inference methods, along with a JSON 
model serialization.

Orders-of-magnitude faster inference than ROOT 
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https://arxiv.org/pdf/2311.14647


PUBLISHING LIKELIHOODS

A single plain-text, human-readable file (JSON) 
specifies the entire HistFactory workspace!

This enables:

❏ Statistical combinations
❏ Reinterpretation (w/ signal patching)
❏ Propagating updated theory predictions
❏ ...
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https://arxiv.org/pdf/2109.04981


MAIN TAKEAWAYS

❏ Simplicity is key for serialization
❏ Simple construction
❏ Simple I/O

❏ Backward compatibility essential
❏ pyhf version as metadata

❏ Conversion (from other formats)
❏ eg. pyhf <> HistFactory XML (RooWorkspace)

❏ ‘Closed world’ model simplifies 
serializability and scope of responsibilities
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39 HistFactory models on HEPData



A NEW COMMON CORE …
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… REQUIRES A SOLID FOUNDATION
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❏ Built with HS³ in mind from the start
❏ Well maintainable
❏ Backwards-compatible

❏ Tools change and so will HS³
❏ Results should remain reproducible

❏ Limited scope
❏ Set clear boundaries of the tool

❏ Maximized efficiency
❏ Fast evaluation of likelihood and gradients 
❏ eg. automatic differentiation

❏ Well interfaced with already existing tools

https://xkcd.com/2347
https://scikit-hep.org/


TENTATIVE PLAN 
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❏ Start with representative analyses from 
different HEP experiments providing
❏ HS³-compatible serialization of their probability models
❏ Public data and statistical inference 

results for cross-checks
❏ Pick the right (modern) tools for the job

❏ TensorFlow-probability, scipy.stats, pytorch, JAX
❏ Minimize dependencies as much as possible

❏ Documentation, Tutorials, and Testing
❏ Documentation describes a “Model Interface” / “Inference Interface”
❏ Translate existing statistics tutorials and lectures to show how to use python-HS³ 

❏ Maintenance
❏ A robust CI/CD to maintain cross-checks with the representative analyses
❏ Enforce code styles and lint with tools like ruff and pylint
❏ Open-source to allow for community contributions

pyHS³



OPEN QUESTIONS

SERIALIZE THE OPEN WORLD

❏ How open world do we need to be?
❏ How to handle custom mathematical 

functions in a user-friendly way?
❏ How to allow users to provide their own 

custom functions as plugins?

COMPUTATIONAL EFFICIENCY

❏ How to build a computational graph 
that can be exported and used as part 
of end-to-end differentiation?
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COMMENTS WELCOME

https://docs.google.com/document/d/1J6iuBtJ4lFs7e7v6Ou_7P_MPPmBFVFoDEWhXQSXuF8o/edit?usp=sharing


BACKUP
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MORE OPEN QUESTIONS

❏ Only python? Julia? Rust?
❏ What is the best way to serialize probability models 

following the HS3 schema? JSON? YAML? BSON? 
Some other plain-text encoding that’s more 
highly-compressible, or a binary encoding?

❏ How to deal with plotting?
❏ How to deal with debugging?
❏ What gets pulled out of pyhf, and how to design in 

such a way that it is mostly compatible with pyhf’s 
API?
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HISTFACTORY - A mathematical prescription

Multiple, disjoint channels of binned distributions with multiple samples contributing 
to each with additional (shared) systematics between sample estimates

❏ Poisson p.d.f. for bins observed in all channels
❏ Constraint p.d.f. (and data) for auxiliary measurements (systematics: 

normalization, shape,etc)
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