k? Brookhaven

National Laboratory

Developing a Curriculum

Introduction and hands-on

Michel Hernandez Villanueva
Brookhaven National Laboratory

... And many more! (see slide 9)

Deep Learning Train-the-Trainer Workshop I I 2 F @

Irs
hep

15-19 Sept 2025




The goal of these presentations

Share our experience in training
activities accumulated along the
years

A guide to individuals, groups and
projects interested on developing
training

o Based on our howto-event page,
offering a map for new explorers

o Finding common challenges and
teaming up!

Normalized in arb. units

Cumulative statistics (w/o carpentry contributions to commits)
T L T T — T T T T

- HSF Training Events
- 3.2K registrations
68 educators

= Registrations (2=3,250)

—— Unique commits (£=4,776)
Educators (2=68)

=== Unique commit authors (2=155) _

2022 2023 2024 2025

2021


https://hepsoftwarefoundation.org/training/howto-event.html

The HEP Software
Foundation (HSF)

https://hepsoftwarefoundation.orqg/



https://hepsoftwarefoundation.org/

Software Development in HEP

As a key for a sustainable scientific program

o Scientific collaborations are big and growing.

o O(1K) collaborators in hundreds of institutes around the world.




Software Development in HEP

As a key for a sustainable scientific program

e Scientific collaborations are big and growing

o O(1K) collaborators in hundreds of institutes around the world

o High Energy Physics (HEP) and Nuclear Physics (NP) are computationally
intensive and data driven fields

o Afull physics potential requires investment into the software used to collect, process,
and analyse data

« Developers with strong foundation are critical resources in the success of the
current and future experiments

o The researchers must be brought up to date with new software technologies,
concurrent programming, and artificial intelligence

o  They must maintain, improve, and sustain the software

HSF



Training and Onboarding Initiatives in HEP

How do experiments teach software?

Virtual Hybrid In person
< =
Ly Y Oniine book LHC b Starter Kit s, | Data Analysis

&P e >
Belle I ? \\ 8

Online tutorials
?AT L A Software

EXPERIMENT futorials

Pu 0 F Synchronous tutorials
/o~ Carpentries-style”

DEEP UNDERGROUND

NEUTRINO EXPERIMENT

“Software is different, but challenges are common”
Front. Big Data 8:1497622. doi: 10.3389/fdata.2025.1497622

HSF



https://doi.org/10.3389/fdata.2025.1497622

HEP Software Training

Why not leave everything to the experiments?

o« O(10k) HEP people worldwide need to be trained in software engineering & computing
e« Common challenges faced:
o Most people developing code have non-permanent positions with contracts of 2 - 4 years
o  Material for training is a moving target as technology evolves (e.g., Deep NNs, GPUs, FPGAs, ...)

o  Training activities are not the most popular in making career steps and by funding agencies

THIS 1S HOW SOME
PEOPLE DO [T,

e This should be a community effort!

WHAT ARE You
DomG?!?

WWW.PHDCOMICS.COM



HSF Software Training

Organization
(] Estab“Shed |n 201 8 Join an event! Self study!
Discover new topics together with Learn at your own pace. No matter if
. . . mentors and peers! you want to get a quick overview or
e An active community of members supporting dive in the details, this s for you!

training on voluntary basis 2
https://hepsoftwarefoundation.org/training

o Anyone is welcome to join and contribute!
e Develops and teaches material for an introductory software curriculum

e Focuses on common software material across HEP, from basic core software skills to
advanced training

e Remote weekly public meetings (via Zoom) to plan and assess progress
e Engages with different experimental collaborations and initiatives | I F
o |RIS-HEP, FIRST-HEP,The Carpentries, etc



https://iris-hep.org/
https://first-hep.org/
https://carpentries.org/
https://hepsoftwarefoundation.org/activities/training.html

HSF Software Training

The community
e An active community of members supporting training on voluntary basis

o Coming from multiple collaborations, adding value to the training from
different environments

A 1 E T EENEREREK

Amber Roepe Andrea Valassi Angela Burger Ben Couturier Gianluca Bianco Giordon Stark Graeme A Stewart Henry Schreiner Oksana Shadura Philipp Gadow Robert Langenberg  Robin Newhouse = Thomas Robert Sudhir Malik
(she/her) 0e oves O¥EEE VYOLTOSS VYOOSS VYOLOODE OuODS vowoene vovuens Junk voeme
vyowemse & & oems=¢$
=
w ( i
R p
Bernhard Manfred Clemens Lange Dan Guest Daniel S. Katz Jackson Burzynski Jim Pivarski Johan Sebastian Kevin Nelson Sam Meehan Savannah Thais Scarlet Norberg Sebastien Ponce Matthew Feickert Meirin Oan Evans
Gruber YOO oe vovooens youwe vovoens Bonilla ovms ce= vons ovm= ows vooeme voomse
oes & Ovoeoms
g Ill
p,
< ¢ | |
David Chamont David Yakobovitch ~ Emery NIBIGIRA Enrico Guiraud Kilian Lieret Leonora Mason Proffitt Matt Bellis SIN(;AZIZ v ;te.f‘ar:aR;si' " Stepgvigtl;l;:olas Stewﬂ;tul\gd;rtm- Maxlmll\?Tl s
om vooense YOu o= owe ovaeme Vesterbacka vyOuoes voomns e o S oiemmiP ot Owe
O« mn

SE https://hepsoftwarefoundation.org/training/community.html


https://hepsoftwarefoundation.org/training/community.html

Training in the HSF / IRIS-HEP

e Significant progress in establishing common training across HEP and Nuclear Physics

Monthly Hackathons Platforms

HSF Training Center

Weekly meetings

- ‘ S @‘fwlesp

Curriculum | All Tutorials

Basic
Basic skills for HEP software development.

P Programming with python O GitHub

GitHub ssH O GitHub
Commumty pages :
HOW-tO gUIdes Matplotlib for HEP © GitHub
9 ol e " il i I R
"""""" Z 3 Before the workshop [
@ . @ ‘ Setting up documents and more . . ROOT [} G!tHub
vorwenE O <o N— s A ¥ s fram B Videos

hepsoftwarefoundation.org/activities/training.html S | rIS hitps:/hsf-training.org/training-center/

E


https://hepsoftwarefoundation.org/activities/training.html
https://hsf-training.org/training-center/

Developing a Curriculum

1



Developing a Training Program

e ADDIE model
o Analyze
o Design
o Develop
o Implement

o Evaluate



Analyze Training needs

Step 1: let’s give some thought to why we want to develop a training program

Training is a solution that can fix gaps in knowledge and skills

Current knowledge

2

Basic shell commands

Basic Python

4

w Training!

Required

\

Scripting in Bash
Scientific Python
Continuous Integration (CI)

Docker Containerization

)

13



Training Goals

e Must be well defined and shared across all stakeholders: leaders, educators, students,
funding agencies, etc.

e When leaders and supervisors do not align with the training goals, it is difficult
to put in practice the new knowledge and skills recently acquired

o ltis easier to determine if a goal has been met when the goal is written with SMART
objectives

Specific: clearly state what the learner will be able to do

Measurable: the outcome must be observable and quantifiable

Achievable: should be realistic given the learner's background and the time available
Result-oriented: focus on the outcome

Time-bound: specify a timeframe for achieving the objective ("by the end of this module")

o O O O O

ES3 Y



Analyze Training needs

e 4-5 volunteers
o Your name
o How are you using / planning to use deep learning

o Training need and goal(s) in your organization

15



The HSF Training Survey

e Our own example: in 2019, a HSF training survey listed the needs of the community

“Areas that need for more training materials/courses to help your research

Random Number Generators
Julia

Other languages

Java

TMVA

Notebook applications
Geant4

Jenkins/Travis or other continuous integration systems
ROOT

RoOFit

Pandas

SciKit-Learn

Git

Event generators

Big Data Tools
TensorFlow/Theano/Keras
Software engineering
Software Performance Measurement/Optimization
Statistical toolkits
Programming for accelerators
Statistical methods

Parallel Programming

C++

Python

Machine Learning methods
Machine learning tools

344 answers

0.2 0.4 0.6 0.8 16
Fraction of answers



https://indico.cern.ch/event/759388/contributions/3315848/

The HSF Training Survey

“Frequency of use of some scientific software/computing tools”

ROOT

Python

Git (GitHub, GitLab)

C++

Statistical methods

RooFit

Random Number Generators

Notebook applications (Jupyter, etc)

Software Engineering

Statistical toolkits

Pandas

Machine learning tools

Jenkins/Travis or other continuous integration systems
Machine Learning methods

Parallel Programming (Multicore/HPC)

Software Performance Measurement/Optimization
Event generators (Pythia8, Madgraph, Sherpa, etc)
TensorFlow/Theano/Keras

SciKit-Learn

Programming for accelerators (GPUs, FPGAs)
Geant4

TMVA

Big Data Tools (Spark, etc.)

Other languages (Fortran, Scala, etc.)

Java

Julia

Most used

HEEl Don't use
EEN 1l/year
HE 1/month

1/week

mm 1/day Least used

0.2 0.4 0.6
Fraction of answers

0.8

1.0

17



The HSF Training Survey

“Training sources that you have previously used for learning scientific software”

Written material in textbooks, workbooks, webpages, Stack Exchange, etc.
University Course on Programming (Fortran, C, C++, Java, Python, etc.)
Video recorded lectures or presentations

University Course on Computational Physics or Computational Methods
Experiment organized software training (CMSDAS, LHCb Starterkit, etc.)
University Computer Science courses (types other than the ones above)
University mini-courses (e.g. 1/2 or 1 day topical courses)

MOOCs or other self-paced online training

Other HEP organized school / course

University Course on Software Engineering and/or Performance Optimization
Software or Data Carpentry workshop

Hands-on sessions at DS@HEP, IML or other HEP workshops/conferences
CERN summer student programs

Industry (Intel, NVIDIA, etc.) training

CERN school of computing

FNAL LPC HATS Training

MLHEP School

CoDaS-HEP school

INFN ESC School (Bertinoro)

GridKa School

EEm Not effective

Em Effective
Least USEd mm Very effective
Not used

0.0 0.2 0.4 0.6 0.8 1.0
Fraction of answers

HSF 18




HSF Software Training Basics

e Since Aug 2021, in collaboration with The Carpentries, BASH
we have established training material for newcomers

e Fast-track competency with software fundamentals: 0 git
o Bash, Git, Python

e Modules dedicated to HEP Software: A pgthOﬂ
o ROQT (data analysis framework),
o Scikit-HEP (data analysis in Python)

Data Analysis Framework

~ROOT ks

o Hackathons have been organised to brainstorm,
develop intermediate level material and discuss improvements

o Naturally, the interest evolves as new technologies emerge (e.g. LLMs)

ASE 1o


https://root.cern/
https://scikit-hep.org/

Designing Material for Adult Learners

e M. Knowles suggested 4 principles that are applied to adult learning

" e

Experience
(including mistakes)
is the base for
learning

Adults need to be
involved in the
planning and
evaluation

@

y @

Problem-centered,
rather than
content-oriented

Subjects that have
immediate impact
in the work

HE F https://elearningindustry.com/the-adult-learning-theory-andragogy-of-malcolm-knowles

20


https://elearningindustry.com/the-adult-learning-theory-andragogy-of-malcolm-knowles

The HSF-Training Design Philosophy

e Hands-On

o Learning is achieved by doing
o Experiment Agnostic

o Teach tools and techniques that are independent of a specific context
e Student-Centric

o Acknowledging student voice as central to the learning experience

¢ Reusable

o If resources already exist, use them

o If they do not exist, develop them

e Open and Accessible

ASE d




Designing Training Material

Key components to consider when creating materials for scientific software
education

o Name and description

e Learning objectives

e Prerequisites

e Table of contents

o Instructional content, step by step

e Activities and exercises



The HSF Training Modules

Deep Learning for |

« The style and pedagogy is heavily inspired e N )
by The Carpentries Particle Physicists

o Reusable study material that is open source and
open access

Q Search % 4+ K

Deep learning for particle physicists

o Many licensed under CC BY 4.0: free to share,
remix, transform, and build upon the material for
any purpose

Overview
History of HEP and ML
Basic fitting

Universal approximators

e Hosted in the HSF’s Training repositories on GitHub Neural networks

Exercise 1: TensorFlow Playground

o Using Carpentries styles and Jupyter Book

Regression in PyTorch

o Anyone is welcome to open issues and pull EXBIISE Rerenson
requests

hsf-training.qithub.io/deep-learning-intro-for-hep/

ASE 2



https://carpentries.org/
https://creativecommons.org/licenses/by/4.0/deed.en
https://github.com/hsf-training/
https://hsf-training.github.io/deep-learning-intro-for-hep/

The HSF Training Modules

Introduction

© Overview

Teaching: 5 min
Z’fiﬂ?ﬁf min YAML and GitHub Actions

o What is continuous integration / continuous deployment?
Objectives @ Overview

o Understand why CI/CD is important Teaching: 5 min
Exercises: 0 min
» Find resources to explore in more depth Questions

e Learn what can be possible with CI/CD

« What is the GitHub Actions specification?
Objectives

o Learn where to find more details about everything for the GitHub Actions.
» Understand the components of GitHub Actions YAML file.

https://hsf-training.github.io/hsf-training-cicd-github/

HSF 24



https://hsf-training.github.io/hsf-training-cicd-github/

The Setup

A proper setup provides the environment where participants feel secure enough
to experiment and make mistakes

e Minimize friction: pre-configured environments reduce time spent on setup,
keeping focus on the actual learning. A few useful tools

o Virtual environments, etc.

o Containers: provide an image with the required environment

o GitHub Codespaces: full setup in a few clicks
(example: GitHub codespace with MySQL)

e \We found effective as well

o Pre-recorded videos explaining how to setup (examples)

o Booking an optional session on Indico to help with the setup

E


https://hsf-training.github.io/hsf-training-databases-basics/setup.html
https://indico.cern.ch/event/1428522/page/34646-pre-requisites

Videos / Recordings

E

Complement the written material and
contribute to higher information
retention rates

Learners can access video content
anytime, anywhere, and on any
device

o Scalable, cost-effective in the
long run

We use screen recording, with edits
that improve clarity, engagement, and
pacing

o Remove mistakes and long pauses

o Investin a good microphone! %

Introduction to Apptainer/Singularity
Sharing files between host and container

@ Overview

Teaching: 30 min
Exercises: 0 min
Questions

* How to read and write files on the host system from within the container?
Objectives

« Map directories on your host system to directories within your container.

o Learn about the bind paths included automatically in all containers.

Intro to Singularity(l

et o i

One of the key features about containers is the isolation of the processes running inside them. It
means, files on the host system are not accessible within the container. However, it is very
common that some Ffiles on the host svstem are needed inside the container. or vou want to write

26



Examples and Exercises

o Must be relevant and ideally have an immediate impact in the work of the trainee
o Focus on (real!) problems in the HEP & Nuclear Physics context
o Challenge on making them experiment-agnostic

e Some examples that we have found
o Training on Apptainer:

m A definition file for starting a Jupyter notebook with ROOT or Scikit-HEP
tools available

o Introduction to Databases (in development)

m A metadata catalog with information of files like recorded in collisions

m  An introduction to Conditions Databases

27


https://hsf-training.github.io/hsf-training-singularity-webpage/08-instances/index.html#serving-a-jupyter-notebook-with-custom-environment
https://hsf-training.github.io/hsf-training-databases-basics/02-sql-basics/index.html
https://hsf-training.github.io/hsf-training-databases-basics/06-conditions-database/index.html

Developing a Training Program

Analyze

-

After the coffee
break




A few thoughts about LLMs

We are exploring LLMs for
o Maintenance of our current training modules via Al agents
o Updating outdated material, obsolete packages, etc

The results out-of-the-box are really not that impressive. We are implementing
Retrieval-augmented generation to provide more context

In the long-term, it is likely that foundational models will enable generation of tailored
training material, based on the current knowledge of the trainee and the training goals

Probably the models will follow the same principles we just discussed

29


https://en.wikipedia.org/wiki/Retrieval-augmented_generation

Summary

The HSF shares its experience in training activities for curriculum development
Training goals must be SMART and shared among all stakeholders

The ADDIE model guides training program development: Analyze, Design, Develop,
Implement, Evaluate

The HSF-Training Design Philosophy emphasizes student-centric, hands-on,
experiment-agnostic, reusable, and open content

Proper setup and examples with immediate impact are crucial for effective training
modules

Creating training material and teaching requires a lot of commitment and time, it is
therefore of great importance to acknowledge the efforts of everyone involved

30



Hands-on!



The Automated Development Workflow

e \We will automate the process of deploying training content, from local edits to a public
website with minimal manual intervention

e Each push to the repository will trigger a build a deployment, ensuring the training is
always up to date

1. Write Content
Create/edit
Markdown & Jupyter
Notebooks.

g

= w e ¥

2. Commit&Push - ?r Action =3 4 BuildBook - 5. Deploy Site
Use Git to save ] rlgger.s The Action builds The site is
changes and push to il A.C'[IOI"IS your Jupyter deployed to
GitHub. autematically Book. GitHub Pages.
starts.

https://michmx.github.io/2025-09-hsf-train-the-trainer/intro.html

32


https://michmx.github.io/2025-09-hsf-train-the-trainer/intro.html

Backup



The HEP Software Ecosystem

Physics Event Generators

Trigger,
Event Reconstruction

Data Analysis

Interpretation Data Processing

Visualization Frameworks

Data, Software,
Analysis Preservation

Facilities,
Distributed Computing

Data Management
ation Access

y

34



HEP and CS Researchers
(University, Lab, International)

Blueprint Meetings [

Blueprint Meetings

] g

The Blueprint Activity is designed to inform the

LHC

development and evolution of the IRIS-HEP IRIS-HEP Blueprint Experimerts
' ' e . . Software n
strategic vision and build community consensus Institute Process Ops

programs

on the roadmap for the HL-LHC.

g ]

Resource providers, DOE Labs,
0SG, HPC Facilities

external requests
e Most blueprints result in reports

e Topics chosen by members of IRIS-HEP or [

Complete (el se e e e 20) We’ve hosted 13 over the course of the institute’s life
T T P S e Internal topics: Analysis Facilities, Differentiable

—— = Programming
e External Topics: FastML, Coordinated Eco-system in HEP

1A, SSL Sept 1013 FNAL

ssc Juy 22 Virtual report

AS, DOMA, SSL, | Oct 2627 Virtual
SG-LHC

ES CEEEEN M A with the funding agencies, Virtual Meetings, HSF Analysis
— Facilities,
O T - We will continue with our Coordinated EcoSystem

Al Nov7-9 DC

Series and others we and the community need 35



https://iris-hep.org/blueprint.html

The HSF Training Pyramid

CoDaS-HEP (US)

Tier 3 / GridKa school (DE)
| / INFN ESC school (IT)

CERN school of computing
MLHEP school (EU) \»
Industry (Intel, NVIDIA, ...)
/" Advanced Ph.D. Students, Postdocs, Senior CMSDAS
Advanced ROOT\> . / ATLAS tutorial series
Experiment / LHCb starter kit

Geant4 HEP domain
o software
training s
training

ROOT Data
Python

Lala SCience\ Universit Carpentries GEniX
Ci+ Y workshops /

tailored for HEP

Programming

courses

https://iris-hep.org/ssc.html
HSF

36



The Training Blueprint

Position

Experiment(s)

Postdoctoral researcher DUNEgg| | g

Other

B v TS

\

raduate student (Masters program) CMS

student
(Ph.D. program)

Staff

( @» i ﬁlesp Faculty

Institute for Research & Innovation

HSF 37



Intermediate Training

Development and organization

o Continuously organizing training meetings and hackathons for extending/improving
material

o Established training events in C++ and Matplotlib
e Docker /Apptainer, CI/CD in GitHub and GitLab

o Analysis Preservation Training events

Afigure with muttiple plots @
20 - : €]

0 8 100 120 14
80 100 120 140 1
mdl [GeV]

Matplotlib Training

21-22 Apr 2022 Q
Virtual
Europe/Berlin timezone


https://indico.cern.ch/event/1172498/
https://indico.cern.ch/event/1058838/

The C++ Training

542 slides, 688 pages, > 1Tk commits

HEP C**course

B. Gruber, S. Hageboeck, S. Ponce
sebastien.ponce@cern.ch

CERN

March 10, 2023

e 6th HEP C++ Course and Hands-on Training (2023 March - essentials)
e 5th HEP C++ Course and Hands-on Training (2022 October - advanced)

_ e 4nd HEP C++ Course and Hands-on Training (2022 March - essentials)
e 3rd HEP C++ Course and Hands-on Training (2021 August)

e 2nd HEP C++ Course and Hands-on Training (2021 January)

e 1st HEP C++ Course and Hands-on Training (2020 October)

&y 51015 N

Software Institute for
‘ " Dato-Intensive Sciences

Has been taught in-person, virtual and hybrid
Life lectures and exercise sessions

Full videos available

Add link to Indico

Originally developed by S. Ponce, now community effort

David Enrico
Abhishek L Attila Bernhard Manfred e Graeme A Kilian Lieret
/ Krasznahorkay Gruber Chamont Guiraud Stewart e
Sebastien . )
couturi
Stefan Roiser Stephan Hageboeck p
Pory\/ce P ; g 7 39
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