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Thoroughly testing and integrating hundreds of Pull Requests per Danilo Piparo
month: ROOT’s new Cost-efficient and Feature Rich GitHub-based CI

ROOT tests durations (macOS 15 M2)

3+

e Root
o  Open source on github (not gitlab since ROOT is not just CERN)
o ~200 PRs per month (core devs + many external contributors)
o 10k compilation targets, > 3k tests
o Build+test for every PR + nightlies |
e Moved from Jenkins CI| to Github actions J“|||“||| )
o  Provides unified interface for more than just Cl: “ “ Tost duraton 5]
m container upload to Harbor, doxygen documentation, jekyll build of ROOT website
o Self-hosted github at CERN
m  Github runners not powerful enough for tests in reasonable time
e Future plans:
o Python wheels (see pip install root talk) F—————

A Propose a PR : Q :
—I | —
I —
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Send Build+test jobs to pool: self-
t . ) managed physical mac-mins +
|

CERN Cloud (compute and
2 storage) for Linux and Windows
Communicate
Success/Failure



https://indico.cern.ch/event/1338689/contributions/6010399/attachments/2951262/5187826/New_CI_v4.pdf
https://indico.cern.ch/event/1338689/contributions/6010399/

pip install ROOT: experiences making a complex Vincenzo Eduardo Padulano
multi-language package accessible for Python users

e Root has many existing distribution channels
o Cvmfs, conda, system package managers (Linux/MacOS), docker images, binaries, Snap
e pip package was missing so far

o Available now for Python 3.8+ Q\ Pistribute Pgthon"
Packaged as wheel Qﬂ

Only supported for x86_64 so far

Experimental (option -i + URL needed) so far il I l
Provides root executable in terminal too distribution install

@ —
Develop User
package source uses package

o O O O

pip install ROOT -i https://root-experimental-python-wheels.web.cern.ch


https://indico.cern.ch/event/1338689/contributions/6010410/attachments/2951436/5188180/padulano_chep_2024_pip_install_ROOT.pdf
https://indico.cern.ch/event/1338689/contributions/6010410/

AccGPT: A CERN Knowledge Retrieval Chatbot Juan Manuel Guijarro

e Growing demand for LLM at CERN for various applications
e RAG on open-weight Meta LLama-3.1 (8B parameters)

o RAG: Retrieval-Augmented Generation
o Commercial+closed GPT4o0 did not show significant advantage
e Inputs

o Internal CERN web pages (HTML + pdf)
o Confluence spaces
o CERN Document Server (CDS)

e \WebUI and API (vLLM based)

e Future:

o In-house code assistant?
o Live note-taking?
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https://indico.cern.ch/event/1338689/contributions/6010661/attachments/2951136/5187570/AccGPT.pdf
https://indico.cern.ch/event/1338689/contributions/6010661/
https://accgpt.docs.cern.ch/

Enhancing software-hardware co-design for HEP by low-overhead Maksymilian
profiling of single- and multi-threaded programs on diverse Graczyk
architectures with AdaptivePerf

e CERN project part of SYCLOP programme

o Hardware acceleration with open standards using SYCL and RISC-V

o Benchmarking, profiling, and integration testing of SYCLOPS use (ROOT, cling,...)
e AdaptivePerf

o Open-source and language-agnostic code profiler build on top of perf

o Sampling both CPU and non-CPU activity

o Interactive flame graphs and charts in a web browser

o Available on github

® F u tu r e p | a n S 2: [syclops-gentoo-profiing] test_prg (2024-08-05 13:47:22)

[Session: 2] Flame graphs for test_peg (883/896)

AdaptivePerf results

o  Support heterogeneous and custom hardware
o Including CPU, GPU, FPGA, ASIC
o Unified profiling system for CERN and HEP



https://github.com/AdaptivePerf
https://indico.cern.ch/event/1338689/contributions/6010664/
https://indico.cern.ch/event/1338689/contributions/6010664/

Victoria Sigcha et al.

CERN OSPO's Catalogue Initiative: Amplifying Open Science
for the CERN Community

e OSPO Mandate

o Provide a catalogue of CERN'’s open source that’s accessible

e The OSPO (Open source programme office) Catalogue
o Made in CERN and for CERN
o Aplace to find similar projects and build collaboration
o Accessible on any device (phone, laptop, ...)

e How to get added?

o  Submission form on catalogue
web page itself

s 5 SearCh, filter, tagS I l Q, Search Repositories ... ‘

CAIMIRA jens
CERN Airborne Model for Indoor Risk Assessment The Puppet librarian for those who collide particles.

— essential info.
OBJECTIVE 1 & 3daysago ©-500+ 5 © 62daysago ©-352 w41

Repository link *

— submission forms
C E R N [ https://gitlab.cern.chy.., https:/github.com....
\ (] tamhuman hgﬁz

7 — content managing



https://indico.cern.ch/event/1338689/contributions/6010414/

Carolina Rodrigues

e |

SCAB Rank

The roles of the SCAB Nominations and Activities systems in the
ATLAS-CERN speakers selection B

e Glance
o > b6k active members, ~250 institutes from 40 countries
o Streamlines management of the experiment
o Centralizes info about people, activities, publications, and roles

advancement score
e Speakers Committee Advisory Board (SCAB) e :
o Interface for members, papers, and speaker selection NS

o Nominations system guarantees that all contributing members participate in selection for talks
o SCABBER algorithm calculates score based on multiple nominations
e Adapted Domain Driven Design (DDS)

o Maintainability, testability, ease of integration
o Divides the code into bounded contexts one-to-one relationship one-to-many relationship

o  Structuring the software around its core domain ‘< Ropoitment
Appointment @ :
Appointment 2
Member 1

AT LAS @ Nominations Nominations
Submission Submission

evperiment Glance

IN THE PAST CURRENTLY



https://indico.cern.ch/event/1338689/contributions/6010695/

Gabriela Lemos Lucidi Pinhao

Enhancing product management in the ATLAS
Management Glance team
e ATLAS Management Glance Team (AMGT)

o Subset of Glance project

e AMGT introduced Product Owner (PO)
o Role identified by SCRUM methodology
o Serves as the main point of contact between devs and stakeholders
o Now centralised in AMGT

e Backlog and roadmap management
Introduction of PO lead to clean-up of outdated tasks
Regular tracking of operational tasks favours system health and maintainability
Planning start/end date for ner-term roadmap items

PO centralizes stakeholder interactions, shielding devs from interference (mails, meetings)
Removed deprecated documentation, introduced glossary and overview

[l Operational tasks ] Average

[l Discrepancy (%) 10 A
\'4

4th trim. 2023 velocity/FTE*:

1st trim. 2024 velocity/FTE:
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https://indico.cern.ch/event/1338689/contributions/6010678/

Evolution of the ATLAS TRT Gas Gain Stabilization System Software 22105z Mindur

e ATLAS TRT GGSS

o Compact system on single PC in LHC USA15 cavern
e Requirements
o Continuous operation (every time ATLAS is powered on, not just during stable beam)
o Failure resistant (hot-swappable hardware spares) ; g e e - ('star stavitzaton process |
o Easily monitored by non-experts
e Software evolved over 20 years of operation
o Evolved from a few independent Windows console «
programs to > dozen git repos with submodules “
e Good design pays off
o  Core functionality was never changed
o GGSS software never failed during LHC operation

Initialize parameters:
HVs, pps, App, DV

I HV(ef = HV + DV - (pps - PPc) / PPs

HV ¢ = const

T L S GGSS simplified algorithm

EXPERIMENT


https://indico.cern.ch/event/1338689/contributions/6011095/attachments/2951131/5187560/2024-10-21_CHEP2024.pdf
https://indico.cern.ch/event/1338689/contributions/6011095/

ATLAS ITk Production Database use and tools

Monika Wielers

e |Tk: new ATLAS all-silicon inner tracking detector

e Need database to keep track of full production project

o 100 institutes from 22 countries + industry partners
o ~1076 parts to be produced

e Backend based on mongoDB + uuApp Framework developed by vendor

o Front-end developed by ITk community

Up to 50 users can use DB simultaneously

Mostly open source, cloud-based (uuCloud on MS Azure)

API allows batch-upload in csv/excel format for labs

On-demand + scheduled reports for data consistency, monitoring rates, quality, yields
o In use for 4 years now, includes 10*6 components + 10*10*6 test results

e Lessons learned “" | ATLAS ITk Preliminary

o Important to tailor tools to diverse community
m Technicians, engineers, physicists. .. sonoso;

4,000,000
noooon
eejelolele]

o O O O

ATLAS

Year 2024

[ getTestRun

B getComponent

B listComponents

B getComponentBulk

B listTestRunsByComponent

B getTestRunBulk

I getTestType
uploadTestRunResults
getComponentTypeByCode
listTestRunsByTestType
others

© Data is not complete.
© Data is not calculated yet.


https://indico.cern.ch/event/1338689/contributions/6010393/attachments/2951173/5187898/CHEP_PDB_wielers.pdf
https://indico.cern.ch/event/1338689/contributions/6010393/

Chris Lee

Containerization in the ATLAS Offline Code Management System

e ATLAS: > 5M lines of C++/Python code

o Requires > 200 external packages
o 500 developers, 1k MRs annually
e ATLAS started adopting containers shortly after Docker release (2013)

o Fully integrated into analysis workflows in 2022/23
o Container storage on CERN’s Harbor Container Repository (initially: Docker Hub)
o Stable release containers are delivered to the grid via cvmfs

e Major Application: Legacy branches built in CentOS7 containers

o Running on EL9 machines after 2024 CentOS7 phase-out
o Analysis preservation

| ATLAS Offline Code - Athena
{ GAUDI 1( k

(software framework) | ATLAS ::
ROOT (data CommonHEP | TDAQ

T L AS processing software tools Special Purpose Releases
framework) (LCGstack) | p
E X

PERIMENT 4

Full Athena Releases

Simulation Releases

Analysis Releases

B



http://slides
https://indico.cern.ch/event/1338689/contributions/6010423/

Building the Key4hep Software Stack with Spack

Key4hep: Turnkey software for future colliders

o EDM4hep: Event Data Model
o k4FWCore: interface to Gaudi
o k4geo: detector models
o And many more...

Spack

o  Multi-platform package manager

Juan Miquel Carceller

600 packages [&strea

2024-09-21

Full build (opt)
2024-09-21

Debug build J

(2024-09-22) (2024-09-23) (2024-09-24)

o  Supports multiple versions of packages, configurations, compilers

o  Configuration in yaml files

Key4hep build
o Around 600 packages + dependencies
o  Built with spack, deployed to cvmfs

o Key4hep-stack package has all other packages

as dependencies, pulls them when invoked
o Debug builds upstream optimised builds

Spack

' Analysis

Generator

struction
Overlay
Digitization
Tracking
PFA

Whizard,
Pythia, ...

Vertexing
Jet Clustering
Flavor Tagging

(Gaudi) = . i |
[ Detector Geometry: kdgeo (DD4hep)



https://indico.cern.ch/event/1338689/contributions/6010679/

Kvle Knoepfel

Multi-package development at Fermilab with Spack

e Fermilab switched from in-house package manager to Spack

o Engage and influence broader community outside of Fermilab
o Benefit from input from large user base Simplified dependency graph

e Created Spack extension: spack mpd
o For orchestration builds of multiple CMake projects
Requires minimal Spack expertise
Easy to setup, switch between sessions, list available projects
Allows to merge many builds seamlessly
Requires good dependency management
Ready for beta-testing

NOVA code

o O O O O

ICARUS code

* $ spack mpd status
S aCk Selected project: my-art-devel
p v Environment status: active

SBND code

https://github.com/FNALSssi/spack-mpd



https://indico.cern.ch/event/1338689/contributions/6010682/
https://github.com/FNALssi/spack-mpd

Nathan Grieser

LHCb Stripping Project: Continuing to Fully and Efficiently Utilize
Legacy Data
e Legacy software stack for LHCb Run1/2 is maintained
o Allows to do analysis with new methods+ideas on existing data

e Liaisons from Physics WG responsible for WG-specific parts

o Removes workload+pressure from coordinators
o Analyists required to do the bookkeeping

e In depth training to adding roles, technical crash courses

e Tight production windows run L WORIOY natyzers S Ana.yz’ers

o Legacy analyses are allocated only [INEEEERER SRt l
limited resources _ e

o Deadlines for analysis steps are set L"’"T“S
and are strictly enforced

Liaisons
PAWG _stripping21-patches PAWG_2018-patches

Who's Responsible?

¢ Close C0||ab0rat|0n Wlth CompUtlng Coordinators Coordinators @ rnaiyzers
and operations/core software l | ° o
stripping21-patches 2018 patches R
Coordinators Coordinators
' '

Restrip Campaign



https://indico.cern.ch/event/1338689/contributions/6010659/attachments/2951201/5187737/NGrieser_Stripping_CHEP2024.pdf
https://indico.cern.ch/event/1338689/contributions/6010659/

Infrastructure for deployment and evaluation of LHCb trigger Luke Grazette

configurations
e OlId procedure:
o Manual generation of the trigger configurations .yaml file with specifics about
via list of detailed instructions the new Trigger configuration
e New procedure: l

o Infrastructure for generating and validating

, _ _ o GitLab Cl pipeline stages
configs using gitlab CI pipelines

®
o  Automatically compares expectation to Validation /@
performance evaluation of the resultant trigger @\_/@
o Ensures consistency, reproducibility Generation
o  Trigger operators have more ability to focus on A single pipeline
the “higher level” information Evaluation generates all
new configurations
tck/0x1000109b.yaml (3} 0 - 100644 +11 -0 Viewed [ 3
1 TCK: 0x10080108b Tag and Deploy
2 workflow: "commit-based"
3 parameters:
4 process: "Hlt1" l
5 type: "odin_lumi"
b 6 label: "RTA/2024.09.29.2 with odin_lumi for
emittance scan" .
C 7 stack: "RTA/2024.09.29.2" Trlgger ready for usage
8 settings: "odin_lumi"
9 commits:
ﬁ mﬁﬁﬁi;ﬁj';‘;éﬁﬁiﬁ;?“‘”’”fa”‘“’”*“"ms"““’"“ | New Workflow for creating a Trigger configuration



https://indico.cern.ch/event/1338689/contributions/6010694/

dCache CI/CD migration to Kubernetes

e dCache

o Distributed storage system

O  For large amount of data, distributed among many heterogeneous server nodes

e Testing environment

o Gitlab server provided by DESY-IT
o Helm chart

Tigran Mkrtchyan

o Cl pipeline p
o Containers
e Possible improvements
o Kernel-specific tests have to be run
manually
o  Yaml in Helm charts become
verbose quickly

kubernetes

©

‘ Cl & Runners

User fronting dCache
services

dCache internal
services

External services used by
dCache



https://indico.cern.ch/event/1338689/contributions/6010662/attachments/2951146/5187778/dcache-k8s.pdf
https://indico.cern.ch/event/1338689/contributions/6010662/

XKIT for GridPP: (XRootD Kubernetes Integration Testing for GridPP)

e XRootD:
o Used by 5 large UK sites (and others)
o  All use different configurations + versions i
e Containerisation
Human
o Using rpm build recipe to containerise XRootD
o Hosted on Docker Hub
o Service management: Kubernetes
e Supports monitoring of: »
o protoDUNE DAQ + DUNE-DM a
=

o GridPP-FTS

o PPE for UoE labs clean-room certification

@ XRootD

Test Runner
(~300 lines

Python)

Testing Strategy

1) Deploy Configuration and Launch Containers
2) Wait for tests to run

3) Collect container artefacts

4) Store Test Results/Logs

4) Display Results to User

Wenlong Yuan

MinlO S3:
Log/Artefact
Storage

OpenSearch:
Test -Results/
Metadata
Storage

docker
XRootD XRootD
Client Server


https://indico.cern.ch/event/1338689/contributions/6010681/attachments/2951329/5187958/CHEP_2024_XKit.pdf
https://indico.cern.ch/event/1338689/contributions/6010662/

Serqgei Zharko

A data Quality-Assurance framework for online and offline
applications for the CBM experiment

o CBM@Fair

o Fixed target experiment to study QCD phase diagram at

large mu_B - hiStOgr«'FmS)Histogram
i g e S it i L e s i Uiy [y e monitor
o Trigger reduces data rates from 1 TB/s to 10GB/s . A|go1°ﬂ Ao TT e K‘PAS -
o  Full online event reconstruction Lasd [ — ZTT | =
e Separate QA frameworks for online/offline S s R —— -
o  Lightweight, fast online framework fowne 1 [ | [ ] ¢
. ) iprocessing | Algo 1 Algo 2 ... | Algo K
o  With custom histograms classes based on ey ‘ E
boost::histogram (no ROOT dependencies) >%
: : : Online data i
e Recently harmonised online and offline QA rine et protessing
o Failed checks are collected by the QA-managerand i [ | [ |
trigger Cl-tests sl sldoZ AlgoK
o Some properties can be ignored by operator, end up in e el i ’w
final check-list status e & "
oA QA2 QAK |

Offline data processmg



https://indico.cern.ch/event/1338689/contributions/6011091/

Collaborative software and maintainability Dmitry Kalinkin
for ePIC experiment at EIC

e ePIC detector at EIC

o  Asymmetric, hermetic central detector

e EIC Software
o Statement of principles
o Agile development
o Production-ready software stack
o User-centered design

e Deployment and workflow

Publicly developed workflow  —
Github actions + gitlab CI i

Snakemake DDshep @ ACTS PODIO EDM4hep
. . . 5 AIDASoft CERN AIDASoft Key4HEP 1
Artifacts are publicly accessible T e e R

Formatting, static & dynamic analysis
I epic (geometry)

O
O
O
O
O
e ¢ePIC Technical design report | ,
o Plots development conforming to EIC e - N ERT———
o Pre-TDR draft ready for review R SN DU N

________________________________________

EDM4eic
ElCrecon ePIC

E ONNXruntime

Modular Simulation, Reconstruction and Analysis Software Stack powered by the
\ NP-HEP community tools


https://eic.github.io/activities/principles.html
https://indico.cern.ch/event/1338689/contributions/6010402/

Sakib Rahman

The ePIC Simulation Campaign Workflow on the Open
Science Grid

e Open Science Grid
o distributed High Throughput Computing (HTC) for US HEP community
o Can run 10k jobs simultaneously
o HTCondor submit template
o Excellent support system: Weekly meetings with OSG experts
ClLogon provides access management from diverse institutional affiliations

e ¢ePIC simulation campaigns
o Consumed ~2k core-years on OSG
o  Continuous deployment of software for detector and physics studies
o Regular update of production outputs
o  Timely validation and quality control

(@)

70% polarized
protons
40-275 GeV

w High luminosity of
10%-10% cm%s™!

80%
polarized > - —
electrons

5-18 GeV

Lightions (Si, Cu)
Heavy ions (Au, U)
40-110 GeV/u

Open Science Grid

Wide center of mass
/ range of 29-140 GeV

Pol. light ions (He-3, d)
40-184 GeV/u



https://indico.cern.ch/event/1338689/contributions/6011093/

Thread-safe N-tuple Writing in Gaudi with TTree and Silia Taider
Migration to RNTuple

e Gaudi

o C++ Framework to build data processing applications for HEP (ATLAS, LHCb, FCC...)
o  Multi-threading introduced in 2013, but parts remain non-thread safe

o Uses TTree for nTuple writing which is inherently not thread-safe

o RNTuple: Evolution of TTree, inherently columnar and thread safe

e Problem: NtupleSvc (sequential)
o Single shared buffer that gets overwritten
o May introduce race condition

e Solution: NtupleWriter (parallel, thread safe) Speedup vs Threads
o Allocate one buffer per event ‘ ‘ ‘ ‘
o Being tested in LHCb’s analysis framework DaVinci 2| |
Event 1 NESH Event 2 NES?2: &
I W E
Sl g 15T ]
wn

—t— Experimental
—— Amdahl's Law (p = 0.45)
—— Amdahl's Law (p = 0.55) ||

B=B1

Algorithm B
NTupleWriter

Algorithm B
NTupleWriter

pa
ve)
1]
o)
N

[

. . 1 2 4 8 16 32 64
Yyl e L Tree v | Number of Threads



https://indico.cern.ch/event/1338689/contributions/6010401/

Marco Clemencic

Extending the Gaudi Software Framework outside of C++

e Gaudi:
o C++ Framework to build data processing applications for HEP (ATLAS, LHCb, FCC...)

e Goal: Integrate safe Rust code into Gaudi, rather than rewriting everything
o In C++ memory safety is an afterthought
o Rust integrated with cxx + Corrosion
m  Memory safety as priority
m Interoperable with C++
m cxx: provides safe mechanism to call Rust code in C++ and vice versa
m Corrosion: Tool for integrating Rust into existing CMake project
e Lessons learned
o Extending a large C++ project like Gaudi with Rust is possible
o Some (small) overhead is unavoidable (converting of container types etc)

o Bindings and wrappers have to go through C APIs
m Cannot use generics or templates (C++ features)

C



https://indico.cern.ch/event/1338689/contributions/6010422/attachments/2951193/5187709/Extending_the_Gaudi_Software_Framework_outside_of_C__.pdf
https://indico.cern.ch/event/1338689/contributions/6010422/

Samuel Cadellin Skipsey

Comparative efficiency of HEP codes across languages
and architectures

e Julia Compiler SLIJ::@;):JILZJO
o Performance close to C/C++/Fortran thanks to JIT perormence
o Integrated package management Ae\;ggir;t:cr;
o LLVM-based like C/C++/Fortran
o (Infered) typing: Rich expressive type system
o (@code_native macro yields in-place inspection of generated code

o See also plenary talk Graeme Stewart

e Performed benchmarks on various CPU architectures CPU features (SIMD,

o C++ FastJet vs Julia implementation JetReco
o JetReco significantly faster in many test cases/configurations ol e

cache width)

0.8 1

0.7 1

o
0.6

o

.5

juhlia

) \A . p p AT 4 i : : ‘
HE Software oundatior 45 50 55 60 65



https://indico.cern.ch/event/1338689/contributions/6009700/attachments/2951318/5188075/Julia%20in%20HEP.pdf
https://indico.cern.ch/event/1338689/contributions/6010656/attachments/2951263/5187841/Benchmarking.pptx
https://indico.cern.ch/event/1338689/contributions/6010656/

Collaborative software and maintainability

Many thanks to the contributors and participants for the great discussions!

And to the CHEP organisers for providing a very productive environment!



