
MaCh3 user categories and documentation

Charlotte Knight

MaCh3 Workshop

05/09/2026



Types of people interacting with a framework
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• A ”typical” user

⚬ Interacts with the framework as intended, e.g. calling high-level API or using a CLI

⚬ Behaviour is suited to their use case only through configuration

• A “power” user

⚬ Spends most of their time as a typical user but occasionally wants to extend the behaviour of 

the framework in a (more) supported/abstracted way

⚬ Examples: writing a custom optimiser in pytorch, writing a new fitting algorithm in MaCh3

• Developer who is also a user

⚬ Has intimate knowledge of the code + subject matter, e.g. neutrino physics

• A pure developer

⚬ Also intimate knowledge of the code + maybe adjacent subject, e.g. computing



Pyramid representation of roles (idealized case)
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Developer

Power User

Typical 

User

Required knowledge about the framework

A typical user should only need to be 
familiar with the high-level API and 
concepts

A power user needs a little bit extra e.g. 
needs to know what class to inherit from 
and what methods to override

A developer knows it all, starting with high-
level API -> nitty-gritty details like how we 
to use OpenMP for multiprocessing

*not to scale
**it is more complex than this



Power User

Pyramid representation of roles (current MaCh3 case)
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Developer

Power User

Typical 

User

Required knowledge about the framework

*not to scale
**it is more complex than this

One line summary: I think we are somewhere 
between complete overlap and the idealized case

The majority of users need to write code, 
and often end up developing MaCh3-core

In my experience, it is trivial for users 
to encounter seg faults that require 
reading core code to understand 

Is this just the nature of our problem? 
Does a world exist where a neutrino 
analysis is completely configurable and 
does not require coding?

Probably somewhat true… but I think 
there is scope for improvement.



How to enable better factorization?
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Code-based improvements

• Configuration

• Abstraction where necessary 

(power users)

• Exception handling

Documentation-based 

improvements

…?

Alex will talk on user interface 
& configuration later



Documentation
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Some of my opinions:

⚬ Documentation should be written to minimize user expert interaction

⚬ Users should be able to build analyses by themselves without expert input

⚬ Ideally, experts should only be reviewing (at regular enough intervals including possibly at 

the beginning)

⚬ In reality, this will never happen, but it is a good goal to drive documentation development

⚬ When we receive questions, we should review whether the docs could be improved

How might we want to structure the docs with all this mind?

Let’s explore some examples…



Examples: ROOT – landing page
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https://root.cern/doc/master/

https://root.cern/doc/master/
https://root.cern/doc/master/
https://root.cern/doc/master/


Examples: ROOT – the “manual”
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https://root.cern/manual/basics/

https://root.cern/manual/basics/
https://root.cern/manual/basics/
https://root.cern/manual/basics/


Examples: ROOT – the “manual”

05/09/2026 Charlotte Knight | MaCh3 user categories9

Interactive/tutorial vibe

https://root.cern/manual/first_steps_with_root/

https://root.cern/manual/first_steps_with_root/
https://root.cern/manual/first_steps_with_root/
https://root.cern/manual/first_steps_with_root/
https://root.cern/manual/first_steps_with_root/
https://root.cern/manual/first_steps_with_root/


Examples: ROOT – the “manual”
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https://root.cern/manual/functional_parts/

https://root.cern/manual/functional_parts/
https://root.cern/manual/functional_parts/
https://root.cern/manual/functional_parts/
https://root.cern/manual/functional_parts/
https://root.cern/manual/functional_parts/


Examples: ROOT – the “manual”
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Detailed description with 

occasional examples

https://root.cern/manual/histograms/

https://root.cern/manual/histograms/
https://root.cern/manual/histograms/
https://root.cern/manual/histograms/


Examples: ROOT – “primer”
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One very long 

description with 

plenty of code to 

describe most of 

what a user needs

Somewhat redundant 

with the “manual” but 

includes new material 

like “motivation & 

introduction"  

https://root.cern/primer/

https://root.cern/primer/
https://root.cern/primer/
https://root.cern/primer/


Examples: ROOT – API reference
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Combination of 

description & 

examples + pure API 

documentation

Description must be 

somewhat redundant 

with “manual” and 

“primer”

https://root.cern.ch/doc/master
/classTH1.html

https://root.cern.ch/doc/master/classTH1.html
https://root.cern.ch/doc/master/classTH1.html
https://root.cern.ch/doc/master/classTH1.html
https://root.cern.ch/doc/master/classTH1.html


Examples: ROOT – introductory course
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Notebook (pyroot) 

based introduction

Result of an in-person 

course

Avaliable on binder -> 

very easy to get 

started and very 

interactive

https://github.com/root-
project/student-
course/tree/25.07

https://github.com/root-project/student-course/tree/25.07
https://github.com/root-project/student-course/tree/25.07
https://github.com/root-project/student-course/tree/25.07
https://github.com/root-project/student-course/tree/25.07
https://github.com/root-project/student-course/tree/25.07
https://github.com/root-project/student-course/tree/25.07
https://github.com/root-project/student-course/tree/25.07


Examples: ROOT – tutorials
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https://root.cern/doc/master
/group__Tutorials.html

https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html


Examples: ROOT – tutorials
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My personal favourite 

way of learning

Lots of real-life 

examples & gives 

impression of best-

practices

https://root.cern/doc/master
/group__Tutorials.html

https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html
https://root.cern/doc/master/group__Tutorials.html


Examples: ROOT – my takeaways
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• Wow! ROOT has a lot of different forms of documentation

• Must be very difficult to maintain

• But gives users the option to choose whichever form suits their learning style best

⚬ Chosen options can also be problem specific

⚬ If I need to remember what a particular method is called -> API reference

⚬ If I want to know how RDataFrames are supposed to be used -> RDataFrame tutorials

• MaCh3 is not the same as ROOT

⚬ ROOT is primarily a library

⚬ MaCh3 is both a library and a package (in the sense that it provides executables)

⚬ I suspect we may wish to have a combination of API reference, user guide (manual-like), 

and tutorials



Examples: CMS Combine
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• Combine is CMS’s primary statistical inference tool – over 90% of analyses use it

• Features include:

⚬ General* model and likelihood building

⚬ Maximum likelihood fits + Bayesian posterior calculation (rarely used)

⚬ Plenty of statistical inference techniques

• Majority of users never write a piece of code to use Combine

⚬ Selections & impact of systematics derived before hand

⚬ Inputs like histograms or analytical functions handed to Combine and it does the rest

⚬ Many users start without input from Combine experts & get approval by an expert at 

relevant stage in analysis review

 Help is always available if needed

*arguably not as general as MaCh3, but general enough for majority of LHC analyses

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/#standalone-compilation-with-lcg
https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/#standalone-compilation-with-lcg


Examples: CMS Combine – landing page
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Link

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/


Examples: CMS Combine – What it does
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Starts with concepts

Some background in 

statistics

What types of 

likelihoods and fits it 

supports

All implementation 

agnostic

Link

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/what_combine_does/introduction/


Examples: CMS Combine – Setting up the Analysis
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Description of how 

required inputs and 

how to configure them

Explained with 

examples but not 

interactive

Gradual increase in 

complexity

Link

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/part2/settinguptheanalysis/


Examples: CMS Combine – Running Combine
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How to run the various 

fits and tests

Description of all the 

options

Link

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/part3/runningthetool/


Examples: CMS Combine – Tutorials
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Interactive, follow-

along tutorials

Covers 

main/commonly used 

features in Combine

Link

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/part5/roofit/


Examples: CMS Combine – AI agent?!
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Still experimental… 

not sure how well it 

works

In principle, quicker 

replies to queries & 

reduces load on 

experts

Presumably requires 

strong documentation 

to work well

Link

https://cms-analysis.github.io/HiggsAnalysis-CombinedLimit/v11.1.0/tutorial_ai_agent/ai_agent_tutorial/


Examples: CMS Combine – search
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Examples: CMS Combine – search
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Compared to 

doxygen, Combine’s 

search is awesome



Examples: CMS Combine – my takeaways

05/09/2026 Charlotte Knight | MaCh3 user categories27

• More streamlined than the ROOT docs

⚬ Less redundancy

• I like the combination of detail/description based docs & tutorials covering main topics

⚬ User can approach in whatever order they wish

• The separation of concepts, configuration, and running feels a natural way to write the 
description part (at least for Combine)

• It has no API reference  which mustn't be great for developers but for users, makes 
no difference since no one is expected to write code for combine

⚬ Interact entirely via config files and CLI tools

• Searching is very effective



Examples: MaCh3 – GitHub README
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Brief description

Citation instructions

Links to help & docs

Installation 

instructions

Should we move 

this to the docs? 

https://github.com/
mach3-
software/MaCh3

https://github.com/mach3-software/MaCh3
https://github.com/mach3-software/MaCh3
https://github.com/mach3-software/MaCh3
https://github.com/mach3-software/MaCh3
https://github.com/mach3-software/MaCh3
https://github.com/mach3-software/MaCh3


Examples: MaCh3 – Doxygen landing page
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Main categories:

• User guide

• Tutorial

• API reference

Roughly what I hand 

in mind already 

exists 

And very nice 

animation from Kamil 

 

https://mach3-
software.github.io/
MaCh3/

https://mach3-software.github.io/MaCh3/
https://mach3-software.github.io/MaCh3/
https://mach3-software.github.io/MaCh3/
https://mach3-software.github.io/MaCh3/


Examples: MaCh3 – User Guide
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https://mach3-
software.github.io/MaCh3/UserGuide.html

https://mach3-software.github.io/MaCh3/UserGuide.html
https://mach3-software.github.io/MaCh3/UserGuide.html
https://mach3-software.github.io/MaCh3/UserGuide.html
https://mach3-software.github.io/MaCh3/UserGuide.html


Examples: MaCh3 – User Guide (Bayesian Analysis)
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Given the title, a user 

would expect an 

introduction to MCMC

If I recall correctly, the 

user guide was 

copied from the old 

GitHub Wiki

Could do with a full 

review… I’ll say more 

later

Link

https://mach3-software.github.io/MaCh3/BayesianAnalysis.html


Examples: MaCh3 – Tutorial
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Fantastic that we 

have this, makes 

onboarding easier! 

Takes users through 

the typical steps a 

MaCh3 user would 

take 

Assumes an 

experiment-specific 

repo has already 

been made

If we expect users to 

extend code, we 

should show examples 

of doing that

Could be useful to split 

tutorial into a minimal 

example + extras

Extras can include 

more complexity, 

approaching real exps.

https://github.com/mach3-
software/MaCh3Tutorial/tree/main/Tutorial

https://github.com/mach3-software/MaCh3Tutorial/tree/main/Tutorial
https://github.com/mach3-software/MaCh3Tutorial/tree/main/Tutorial
https://github.com/mach3-software/MaCh3Tutorial/tree/main/Tutorial
https://github.com/mach3-software/MaCh3Tutorial/tree/main/Tutorial
https://github.com/mach3-software/MaCh3Tutorial/tree/main/Tutorial


Examples: MaCh3 – my takeaways
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• We have roughly the right structure, but it is a bit bare

• Descriptions of concepts is lacking

⚬ MCMC statistics (links I found are also not great)

⚬ How the code base is structured, how the classes interact with each other etc.

• Comprehensive description of configuration also needed

• Current tutorial is a great start, and would benefit with the addition of more

⚬ e.g. how to make and add a new spline

• Exact strategy depends on how configurable we make MaCh3 and where the user-
developer line gets drawn

• Personally, I just use GitHub Copilot on the repo to ask questions these days 



Next steps / discussion points
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• Let’s form a list of MaCh3 activities in order of user→developer

⚬ e.g. install MaCh3, run a fit, make posterior plot, new selection, … new GPU implementation

⚬ Then go from top to bottom, and check how well supported it is from a user perspective

 Does the code need to be more configurable?

 How well does the documentation address this?

• How general do we want MaCh3 to be? 

⚬ How configurable must we be? Is a user expected to write C++?

• What aspects of other framework’s docs do we want to adopt?

⚬ e.g. from Combine: “Concepts, Configuration, Running” style to a user guide

⚬ e.g. multiple smaller tutorials



BACKUP
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