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https://github.com/JuliaHEP/Minuit.jl

Why Minuit for Julia?

* Minimization (i.e., fitting) is a core component of any HEP data

analysis

* The standard Julia ecosystem offers a variety of optimization

packages (see example -->)

* However, they lack built-in support for error estimation and common

HEP cost functions
* Why Minuit?
* 40+ years of proven success in HEP

* A well-established, reliable and fast tool for robust
minimization

* Identified as a missing components at the last JuliaHEP workshop

using Optim

# Define the objective function
function rosenbrock(x)

return (1.0 — x[1]1)72 + 100.0 * (x[2] - x[1]™2)~2

end

# Initial guess
X0 = [0.0, 0.0]

# Perform the optimization
result = optimize(rosenbrock, x@, BFGS())

# Extract the results

optimal_x = Optim.minimizer(result)
optimal _f = Optim.minimum(result)
iterations = Optim.iterations(result)

* Integrating Minuit with Julia enhances HEP analysis by combining

modern Julia performance with Minuit's powerful features.




Julhia Wrappers to Minuit22

« Similarly to Python, to call C++ from Julia you need to write (better
generate) wrappers for each method you want to offer to Julia

* Extensive use of the CxxWrap.jl package

* The user needs to write a small code (in C++) to wrap each class and method
(similar to pybind11 or Boost.Python)

# The package Wraplt makes use of LLVM libraries &
to generate the wrappers automatically oo

« It helps enormously to ensure maintainability (9 Y\ﬁ‘a&?‘ )


https://github.com/grasph/wrapit
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* The package Minuit2.jl is a pure Julia package (platform independent)

* The binary libraries (platform dependent) for Minuit2 and the wrapper library are downloadable artifacts of
Julia _jll packages produced by the BinaryBuilder package, and stored at the Julia infrastructure (GitHub)

+ Binaries are available for Linux, MacOS and Windows, and for all common hardware architectures x86,
arm, powerpc and riskv


https://github.com/JuliaHEP/Minuit2.jl

Objective Functions

* Objective and cost functions are implemented in Julia

* The C++ library needs to callback them as functions or as closures (the state is
carried back and forth between Julia and C++)

« Expected runtime performance to be equivalent as writing them in C/C++

* These callbacks are perhaps the more tricky part of the wrapper

« Julia provides good support for it (@safe_cfunction), however it was
needed to overcome some arm64 limitation for the trampoline library



Minimizaton Engines

* Implemented for the time being a few algorithms

+ Migrad - variable-metric method with inexact line search. Good and fast for
most functions

« Simplex - genuine multidimensional minimization routine is usually much
slower than Migrad

* Scan - just scans an N-dimensional grid to find the function minimum

* Minos - calculate parameter errors taking into account both parameter
correlations and non-linearities



User Interface

* In addition to the low level C++ API, a higher-

level user interface has been developed to tsing Minuit2
make the interaction easy and more friendly rosenbrock(x, v) = (1 — x)~2 + 100 % (y — x"2)~2
: ; S : m = Minuit(rosenbrock, x=0, y=0)
* Inspired very strongly from the imimuit migrad! (m)
minos!(m)
Python module

show(m.parameters)

* Quite a lot of goodies have been added

“ Parameters names inferred from the funCtion Name | Value Hesse Error | Minos- Minos+ Limit—l
S 2 i i : . 1 0.994149 | 0.998821 —-0.988625 | 1.00034 I
definition, M1nu1t Ob]eCt with many 2 ; 0.988272 | 1.9885 ~1.02061 | 2.99091

accessible properties, pretty tables, plotting
in an external module, connection to FHist

histograms, common HEP cost functions, etc.


https://scikit-hep.org/iminuit/
https://github.com/JuliaHEP/FHist.jl

Optimize.jl Interface

* Jerry Ling has also implemented the Julia standard optimization
interface (Optimize.jl)

# 1minult also implements the standard Python interface (scipy.optimize)

julia> using Minuit2, Optimization

julia> rosenbrock(x, p) = (p[1] - x[1]1)72 + pl[2] x (x[2] - x[1]172)"2
julia> x0 = [-0.0, 0.0]

julia> _p = [1.0, 100.0]

julia> opf = OptimizationFunction(rosenbrock)

julia> opp = OptimizationProblem(opf, x0, _p)

julia> sol = solve(opp, MigradOptimizer(strategy=2, tolerance=0.01), maxiters = 100)
retcode: Default

u: 2-element Vector{Float64}:

0.9941488475502503

0.988271482306217




Plotting

* Using Plots package in an extension
module

* Minuit.jl does not depend on Plots.jl, but
the Minuit2PlotsExt extension module
is made available when the Plots
module is loaded

* Implemented some usetul functions

* e.g.draw_[mn]profile, visualize,
draw_[mn]contour,

FCN

d=0.765-1.312 + 1.312

¢

MnContour LSQ _v(par) for d vs c




Cost Functions

« Started to implement a set of common HEP cost functions

* UnbinnedNLL - Unbinned negative log-likelihood

* Maximume-likelihood fits are the state-of-the-art when it comes to fitting models to data
(slow when sample size is large). Uses the PDF as model.

+ BinnedNLL - Binned negative log-likelihood

* Binned fits are computationally more efficient and numerically more stable when samples
are large. Uses the CDF as model (PDF is also possible with some approximation).

* LeastSquares - weighted least-squares fit (aka chi-square fit)

* The model predicts the y—values as a function of the x-values and the parameters
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Demo Basic Minuit2.l

+ Introduction

« https:/ /juliahep.github.io /Minuit2.jl / stable / tutorials / introduction /

+ With defined cost functions

« https:/ /juliahep.github.io /Minuit2.jl / stable / tutorials / costfunctions /

iFlL


https://juliahep.github.io/Minuit2.jl/stable/tutorials/introduction/
https://juliahep.github.io/Minuit2.jl/stable/tutorials/costfunctions/

Rookit Modeling

* Added a sub-module for composing complex PDFs

* Implemented in Julia making use of popular modules (e.g.
Distributions| HEP].jl, FHist.jl)

+ Similar names and semantics of ROOT RooFit has been used

using Minuit2.RooFit
using Plots; theme(:boxed)

# Declare variables, x, mean and sigma with initial value and allowed range
x = RealVar(:x, 0.0, limits=(-10, 10), nbins=30)

mean = RealVar(:mean, 1.0, limits=(-10, 10))

sigma = RealVar(:sigma, 1.0, limits=(0.1, 10)) .

gauss = Gaussian(:gauss, X, mean, sigma)
data = generate(gauss, 1000);

result = fitTo(gauss, data)

plot(result, title="Gaussian fit")
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Demo: RookFit

* RooFit Modeling
« https:/ /juliahep.github.io /Minuit2.jl / stable / tutorials / roofit / # RooFit-

Modelling
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https://juliahep.github.io/Minuit2.jl/stable/tutorials/roofit/#RooFit-Modelling
https://juliahep.github.io/Minuit2.jl/stable/tutorials/roofit/#RooFit-Modelling

Minuit2 and the Julia Ecosystem

* Minuit2.jl seamlessly integrates with Julia’s rich ecosystem, offering robust tools
for statistical distributions, numerical optimization, differentiation, and more

* Some examples I have used:
* Distributions|[HEP].jl - for handling probability distributions
* ForwardDiff.jl - AD for gradient computation
“ FiniteDiff.jl or FiniteDifferences.jl - for numerical differentiation
“ Optimize.jl - for general optimization problems

« FHist.jl - 1, 2, 3D fast histograms
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Performance

* Compared the CPU performance of Minuit2.j 1 with iminuit with one
simple example

* 1000 measurements with a model of a truncated exponential + gaussian
* Not yet done the compassion with C++ (need to do it with RooFit)

“ Probably some optmisation could still be done
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T'esting, Documentation and ClI

Minuit2.jl

Search docs (Ctrl + /)

R Uni t Te S t S Introduction

o Description
o Installation
o API Guidelines
o Getting Started

# Using built-in tooling

* Documentation

Release Notes

* Generated using Documenter.jl

Testing Running tests...
Test Summary:
Minuit2 tests

Introduction

OGitHbb & & A

Julia bindings for Minuit2

Description

Julia bindings for the Minuit2 minimization package. It provides a Julia-friendly interface to the C++ library,
maintained by CERN's ROOT team. Minuit2 is designed for function minimization, particularly in statistical
applications such as maximum-likelihood estimation and least-squares fitting. It computes best-fit parameters and
error estimates using likelihood profile analysis

The API and additional features of this package are heavily inspired by iminuit, which offers a Python-friendly
interface to the same library.

Installation

The Minuit2.jl package does no require any special installation. Stable releases are registered into the Julia general
registry, and therefore can be deployed with the standard Pkg Julia package manager.

julia> using Pkg
Sl dAal DL~ —.,J,J/llMinui.tzll)

Pass Total Time
331 331 13.5s

I
+ Tutorials with Literate.jl RN
trat .
& u Orla S 1 1 era e'] MQUSSCg?/;riance I 7 7 0.12
MnUserParameterState | 23 23  0.3s
MnMigrad | 7 7 0.3s
MnMigrad_grad | 8 8 0.1s
+ Generate .md, .ipynb, .jl from sing] R
. cnerate .1md, .1pyn - ] rom smg e Source nsimplex 33 e
Functions | 24 24 1.3s
Rosenbrock | 7 7 0.4s
Ackley ' ’ T
o CI aeale P Branch Context
* atyas
Matyas one-sidt _
Sphere main
TR P

Source: latest commit 4ce4749

% . . 3 Months v trend
* Github actions .

lines

itructure instance is constructed from the cost function to be minimised and its gradient, if
 Minuit2 uses an internal numerical differentiation, and a number of initial parameters. This
2d in the application to perform different minimization algorithms with different strategies and
e results. The user provides always a Julia cost function to be evaluated by the C++ engine as a

m

Coverage on branch

72.76%

772 of 1061 lines covered
YAML Configuration

Learn more [Z' about PR comment, target and flags

« Test coverage with codecov

https:/ /juliahep.github.io /Minuit2.jl
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https://juliahep.github.io/Minuit2.jl

Summary

* Minuit2.jl has been added to the JuliaHEP ecosystem

* It is not yet complete, but it offers already some basic functionality

* Mainly is available for testing (many thanks to Jerry and Misha for finding problems and
providing fixes!)

* Performance optimization is work in progress (specially on the cost functions and modeling)
* Wrapping the C++ Minuit library has not been very complicated

« Using the well oiled procedure (Wraplt + CxxWrap + BinaryBuilder + ...)

* The RooFit sub-module if found useful should perhaps became a its own package

* Possible topic for discussion in this workshop?
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https://github.com/JuliaHEP/Minuit2.jl/ac

