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HistFactory
 

A �exible p.d.f. template to build statistical models from binned distributions
and data

Developed by Cranmer, Lewis, Moneta, Shibata, and Verkerke [1]

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

Use: Multiple disjoint channels (or regions) of binned distributions with multiple
samples contributing to each with additional (possibly shared) systematics
between sample estimates

Main pieces:

Main Poisson p.d.f. for bins observed in all channels

Constraint p.d.f. (+ data) for "auxiliary measurements"

encoding systematic uncertainties (normalization, shape, etc)

  

P n  , x  , a  ϕ  , α  , γ  =( c e p ∣ p p b)
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pyhf: HistFactory in pure Python
 

First non-ROOT implementation of the HistFactory p.d.f. template

DOIDOI 10.5281/zenodo.116973910.5281/zenodo.1169739

pure-Python library

pip install pyhf

machine learning frameworks as computational backends

pip install pyhf[tensorflow]

Alternative choice to ROOT-based HistFactory to use in the analysis pipeline
of HistFitter + HistFactory + RooStats

Project scope: HistFactory

Not a replacement for HistFitter or RooStats

Open source tool for all of HEP

Originated from a DIANA/HEP project fellowship

Not experiment speci�c (though designed by ATLAS physicists)

Used for reinterpretation in phenomenology paper [2] and gaining interest in ATLAS
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https://doi.org/10.5281/zenodo.1169739
https://diana-hep.org/pyhf/installation.html#install-from-pypi
https://diana-hep.org/pyhf/installation.html#with-tensorflow-backend
https://diana-hep.org/


(1st Workshop on Con�dence Limits,
CERN, 2000) 

(ATLAS, 2019)

 
 

Given at DPF 2019 by Giordon Stark

Likelihood serialization and ATLAS
sbottom reproduction PUB note

Makes good on 19 year old agreement to publish likelihoods
(JSON likelihoods should be on HEPData anyday)
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https://cds.cern.ch/record/411537
http://inspirehep.net/record/534129
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://indico.cern.ch/event/782953/contributions/3462560/
https://indico.cern.ch/event/782953/contributions/3462560/
https://indico.cern.ch/event/746178/contributions/3396797/


Roadmap (Issue #561)
Loosely follow Seibert’s Heirarchy of Needs

Stan Seibert (Anaconda) at SciPy 2019
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https://github.com/diana-hep/pyhf/issues/561
https://twitter.com/FRoscheck/status/1159158552298229763


Roadmap

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04

Add docstrings to all functions and classes

Greatly revise and expand examples

Move to scikit-hep GitHub org

Develop a release schedule/criteria

Automate deployment with Azure pipelines

Finalize logo and add it to website

Write submission to JOSS and pyOpenSci

Docs/Deploy

Documentation and Deployment

Most common question/request core devs get over email is for examples

Gantt Color Key

2019-04 2019-05 2019-06 2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01

Task Completed

Task Currently WIP

Future Task

Nota Bene / Critical

Gantt Colors
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Roadmap

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04

Add tests using HEPData published likelihoods

Add CI with GitHub Actions

Rewrite pytest fixtures to use modern pytest

Factorize out the statistical fitting portion

Scrutinize edge cases/squash bugs

Reproduce sbottom serialization PUB note across backends

Maintenance

Revision and Maintenance

Now that we have published likelihoods important to integrate them into
testing

Good opportunity to examine real physics case performance of all backends

Update testing framework to take advantage of continued improvements

With addition of GitHub Actions CI and Henry's use of Azure Pipelines for
deployment reconsidering continued use of Travis CI

Probable to drop CI in Travis but keep CD with Travis in near future
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https://github.com/diana-hep/pyhf/actions


Roadmap

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04

Add batch support

Add ParamViewer support

Implement pdf as subclass of distributions

Finalize toy sampling

Make general modeling choices

Add "discovery" test stats public API

Add better Model creation

Add background model support

Develop interface for the optimizers

Migrate to TensorFlow 2.0

Finalize public API

Integrate pyfitcore API

Drop Python 2.7 support

Development

Development

Clear, reliable public API

Toys for when asymptotics fail in low stats regime

Most requested feature

py�tcore and z�t integrations
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https://github.com/zfit/zfit/issues/120


Hardware acceleration and
scaling studies highly important

Access to Hardware-Accelerated
Learning (HAL) at NCSA at Illinois

Ideal cluster for benchmarking scaling
and performance

Scaling with Dask could add
additional bene�t

Roadmap

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04

pyfitcore integrations

Hardware acceleration scaling studies

Speedup through Numba

Add Dask backend

Prototype use of pyhf as AS end fit tool

Research

Research
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https://wiki.ncsa.illinois.edu/display/ISL20/HAL+cluster


Roadmap + Analysis Systems

2019-04 2019-05 2019-06 2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

Add docstrings to all functions and classes

Greatly revise and expand examples

Move to scikit-hep GitHub org

Develop a release schedule/criteria

Automate deployment with Azure pipelines

Finalize logo and add it to website

Write submission to JOSS and pyOpenSci

Add tests using HEPData published likelihoods

Add CI with GitHub Actions

Rewrite pytest fixtures to use modern pytest

Factorize out the statistical fitting portion

Scrutinize edge cases/squash bugs

Reproduce sbottom serialization PUB note across backends

Add batch support

Add ParamViewer support

Implement pdf as subclass of distributions

Finalize toy sampling

Make general modeling choices

Add "discovery" test stats public API

Add better Model creation

Add background model support

Develop interface for the optimizers

Migrate to TensorFlow 2.0

Finalize public API

Integrate pyfitcore API

Drop Python 2.7 support

pyfitcore integrations

Hardware acceleration scaling studies

Speedup through Numba

Add Dask backend

Prototype use of pyhf as AS end fit too

Organize topical meetings

List public repos on website

Collect and curate existing example analysis use cases

Survey of AS efforts in the field for topical workshop

Blueprint workshop for evaluating AS

Develop initial specifications for user-facing interface

Prototype awkward-array analyses in SciPy ecosystem

Initial roadmap for ecosystem coherency

Initial interface of AS-IDDS query system

Translate analysis examples into new specifications

Initial roadmap for high-level cyberinfrastructure

Benchmarking and assessment of existing AS

Accelerator implementations of statistical components

Documentation and Deployment

Revision and Maintenance

Development

Research

Analysis Systems

pyhf 2019 into 2020 Roadmap
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Analysis Systems Milestones

2019-04 2019-07 2019-10 2020-01 2020-04 2020-07 2020-10 2021-01

Organize topical meetings

List public repos on website

Collect and curate existing example analysis use cases

Survey of AS efforts in the field for topical workshop

Blueprint workshop for evaluating AS

Develop initial specifications for user-facing interface

Prototype awkward-array analyses in SciPy ecosystem

Initial roadmap for ecosystem coherency

Initial interface of AS-IDDS query system

Translate analysis examples into new specifications

Initial roadmap for high-level cyberinfrastructure

Benchmarking and assessment of existing AS

Prototype query-based & cache-aware dispatch

Analysis description database schema w/ archival integration

Accelerator implementations of statistical components

Move prototypes of AS components to SSL

Benchmarking and assessment of prototype components

Analysis Systems

Analysis Systems NSF Milestones

Initial roadmap for ecosystem coherency (2019-Q4 -> 2020-Q3)

Initial roadmap for high-level cyberinfrastructure (2019-Q4 -> 2020-Q3)

Benchmarking and assessment of existing AS (2020-Q1 -> 2020-Q3)

Accelerator implementations of statistical components (2020-Q1 -> 2020-
Q3)
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Initial roadmap for ecosystem
coherency

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

Add docstrings to all functions and classes

Greatly revise and expand examples

Move to scikit-hep GitHub org

Add batch support

Add ParamViewer support

Implement pdf as subclass of distributions

Finalize toy sampling

Make general modeling choices

Add "discovery" test stats public API

Develop interface for the optimizers

Migrate to TensorFlow 2.0

Finalize public API

Integrate pyfitcore API

Drop Python 2.7 support

pyfitcore integrations

Initial roadmap for ecosystem coherency

Docs/Deploy

Development

Research

Analysis Systems

py�tcore integration and stable API critical
13 / 22



Initial roadmap for high-level
cyberinfrastructure

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

Factorize out the statistical fitting portion

Scrutinize edge cases/squash bugs

Add batch support

Add ParamViewer support

Implement pdf as subclass of distributions

Finalize toy sampling

Migrate to TensorFlow 2.0

Finalize public API

Integrate pyfitcore API

Drop Python 2.7 support

Hardware acceleration scaling studies

Add Dask backend

Prototype use of pyhf as AS end fit tool

Initial roadmap for high-level cyberinfrastructure

Maintenance

Development

Research

Analysis Systems

Fitting as a service on a cluster

Similar idea to ATLAS ML Platform (IRIS-HEP SSL) but for �ts
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https://www.atlas-ml.org/


Benchmarking and assessment of
existing AS

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

Add tests using HEPData published likelihoods

Reproduce sbottom serialization PUB note across backends

pyfitcore integrations

Hardware acceleration scaling studies

Add Dask backend

Prototype use of pyhf as AS end fit tool

Benchmarking and assessment of existing AS

Maintenance

Research

Analysis Systems

Case study: Use pyhf in concert with other parts of AS to replicate entire
ATLAS analysis (DAOD -> plot)

Proposal: Matthew's thesis analysis (ATLAS-CONF-2018-052)
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http://inspirehep.net/record/1705606/


Accelerator implementations of
statistical components

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

pyfitcore integrations

Hardware acceleration scaling studies

Speedup through Numba

Add Dask backend

Accelerator implementations of statistical components

Research

Analysis Systems

Given pyhf research goals should be well on track
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In just a few lines of code are able to
reproduce Figure 5b of
arXiv:1007.1727! �

Upcoming Release v0.1.3

Toy Sampling
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https://twitter.com/lukasheinrich_/status/1171075909102833665
https://inspirehep.net/record/860907


...in just a few lines
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https://mybinder.org/v2/gh/matthewfeickert/talk-IRIS-HEP-Institute-Retreat-2019/master?filepath=notebooks%2Ftoys-example.ipynb


Summary
pyhf development roadmap laid out for rest of the year

Institute retreat is well needed ground for discussions on pyhf in py�tcore

Discussions here will be critical for API design

Discussions on alignment with Analysis Systems milestones important for
roadmap changes

2019-07 2019-08 2019-09 2019-10 2019-11 2019-12 2020-01 2020-02 2020-03 2020-04 2020-05 2020-06 2020-07

Documentation, Examples

JOSS, pyOpenSci, pyhf paper

Testing with published likelihoods

Improvement of testing infrastructure

Add batch support

Add toys

Finalize public API

Integrate pyfitcore API

pyfitcore integrations

Speedup, Acceleration, Scaling studies

Prototype use of pyhf as AS end fit tool

Initial roadmap for ecosystem coherency

Initial roadmap for high-level cyberinfrastructure

Benchmarking and assessment of existing AS

Accelerator implementations of statistical components

Docs/Deploy

Maintenance

Development

Research

Analysis Systems

19 / 22



Backup

20 / 22



Backup Slide
Recent Talks:

Poster at SciPy 2019 (July, 8-14th, 2019)

Upcoming Talks:

Talk at PyHEP 2019 (October 16-18th, 2019)

Talk at CHEP 2019 (November 4-8th, 2019)

Poster at CHEP 2019 (November 4-8th, 2019)
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http://conference.scipy.org/proceedings/scipy2019/slides.html
https://indico.cern.ch/event/833895/
https://indico.cern.ch/event/773049/contributions/3476143/
https://indico.cern.ch/event/773049/contributions/3476180/
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The end.
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