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Statistical inference in Julia

ROOT user: What's Julia’s RooFit?
Python user: What's Julia's pyHF?
Julia user: Ah, there's lot's of statistics packages for Julia . ..

ROOT and Python user:
But which one should | use for my fit?
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How close are we to an answer?
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Distributions

» Distributions.jl provides extensive and high-quality
implementation of common probability distributions.

» One of Julia's oldest packages,
but has evolved well without breaking too much code.

» Missing HEP-specific distributions like Crystal Ball, etc.,
but new DistributionsHEP.jl fills those gaps

» Limitations: Distributions.jl has little GPU support,
no support for struct-like variates, not support for
variable-length variates.
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(Probability) Measures

>

MeasureBase.jl/MeasureTheory.jl aim to augments
Distributions.jl with measure-theory concepts.

Clean way to deal with "non-normalized distributions" (often
can't normalize Bayesian posteriors)

Will give us clean way to represent things like
non-homogeneous Poisson point processes (in HEP often
called "extended distribution" or "extended PDF").

Can do struct-like variates, variable-length variates

and much more

Sill undergoing major revision to use Pkg extension for
Distributions.jl support, etc. - getting closer, but now quite
done yet.
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Optimizers

v

A lot of inference is solving optimization problems:
Maximum likelihood, profile likelihood, maximum
a-posteriori (MAP), etc.

Well established Optim.jl provides
Nelder-Mead, LBFGS and others.

SciML package Optimization.jl wraps almost all Julia
optimization packages under common interface,
works with ADTypes/DifferentiationInterface

(wrap basically all Julia AD-backends).

In general excellent tooling, just Minuit was missing:
new standalone Minuit2 for Julia, supports Optimization jl!

o Pl i or ook
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Frequentist inference

» Maximum likelihood is easy, due to Julia's composability and
wide choice of optimizers.

» We don't have "the one" package, but ProfileLikelihood.jl
that seems to be closest to the HEP-typical approach.
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Bayesian inference

» Several Bayesian sampler implementations in the Turing
project.

» Rxinfer.jl has interesting approach via Bayesian graphs, but
not applicable to all problems.

» Quite a few other sampler packages like
ZigZagBoomerang.jl, AdaptiveMCMC jl, MGVI jl and so on.

» BAT jl (led by yours truly, separate talk) aims to a be
a common-AP| wrapper for existing algorithms,
plus some BAT-native algorithms.
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Model building

v

We don't have histfactory/pyHF quite yet ...

v

... but Julia allows us to code performant models natively.

v

Some additional building blocks now in Minuit2.jl,
BinnedModels.jl, etc.

Still, users want easy tools for template fits and more . ..

v
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HS3 - HEP Statistics Serialization
Standard

» Upcoming standard for representing (and publishing)
statistical models in JSON

» Implementation will also provide RooFIT-level model API
» Current state of the art: pyhf (but stacked histograms only)
» HS3 is full superset of pyhf, but much more general
» Cleaner terminology (less "community slang")
than RootFit, yet bi-directionally convertible
» Standard being finalized,
current draft already implemented in ROOT
» Rough prototype Julia implementation using code
generation, BAT tooling and other stuff (JuliaHEP/HS3.jl)
» BMBF funding proposal pending
to finance full Julia HS? implementation
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Julia HS3 prototype: Higg Parameter
Estimates
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Julia HS3 prototype: Higgs Bayesian
Posteriors
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Conclusions and Outlook

» Still no "RooFit", but we're making progress:
new DistributionsHEP.jl, Minuit2.jl, improvements in BAT jl,
lots of work behind the scenes

» MeasureBase will let us override Distributions functions
for selected cases, path to GPU support and more
without big changes to Distributions.jl

» Julia implementation of upcoming HS3-standard can get us
full RooFit compatibility (funding proposal pending).

» In general:
Try hard to integrate with statistic packages
across the ecosystem, instead of building "HEP-stats-island".

o Pl i or ook
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