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Key4hep

® Turnkey software for future colliders

¢ Share components to reduce maintenance and
development cost and allow everyone to benefit
from its improvements

®* Complete data processing framework from
generation to data analysis

® Many future experiments involved: FCC, ILC,
CLIC, CEPC, EIC, Muon Collider, SHiP, etc.

* Software stack on CVMFS

® Open weekly meetings
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https://indico.cern.ch/category/11461/

Key4hep: Software

* Many repositories under the Key4hep github.com/key4hep

organization

Keyahep: Turnkey Software for Future Colliders
.

» EDM4hep: the Event Data Model IR o o

» k4FWCore provides the interface between
EDM4hep and Gaudi '“

» kd4MarlinWrapper allows to call Marlin
processors

» k4geo for detector models

» key4hep-spack: for spack recipes



https://github.com/key4hep/EDM4hep
https://github.com/key4hep/k4FWCore
https://github.com/key4hep/k4MarlinWrapper
https://github.com/key4hep/k4geo
https://github.com/key4hep/key4hep-spack
https://github.com/key4hep

The Key4hep Stack

® A set of more than 600 packages that covers most of the desired functionality: generation,
detector description, simulation, digitisation, reconstruction, analysis, resource management

® Builds are deployed to CVMFS
» /cvmfs/sw.hsf.org for releases (on demand)

» /cvmfs/sw-nightlies.hsf.org for nightly builds, every day

® Several flavours supported: AlmaLinux 9, Ubuntu 24.04 and Ubuntu 26.04 with an
optimized and debug version of each build

® Easy setup (same for all flavours):

source /cvmfs/sw-nightlies.hsf.org/key4hep/setup.sh

® key4hep-spack: where many of the recipes for packages in Key4hep live and
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https://github.com/key4hep/key4hep-spack

The user side

source /cvmfs/sw-nightlies.hsf.org/key4hep/setup.sh
® The script detects which operating system is being used and sources the corresponding build
® The setup script hardcodes environment variables like PATH or LD _LIBRARY PATH

® A function k4 local repo can be used when building a package
» Removes (when possible) paths pointing to the stack for the current package
» Adds paths to the local installation of a package

® Building more packages? Run k4_local_repo for each package




®* Two package managers / build systems used:
» Spack (more details in CHEP2024: Building the Key4hep Software Stack with Spack)
» LCGCMake
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@ Spack

Multi-platform package manager

Designed to support multiple package versions, package configurations, and compilers

Over 8000 recipes for packages are available, written in Python, in spack-packages
Configuration in yaml files

Large community with many contributors

Used in Key4hep for several years

Used in some HEP experiments, for example DUNE, and also HPCs



https://github.com/spack/spack
https://github.com/spack/spack-packages

A Spack recipe

class Edm4hep(CMakePackage):

url = "https://github.com/key4hep/EDM4hep/archive/v00-01.tar.gz"
git = "https://github.com/key4hep/EDM4hep.git"

version("main", branch="main")
version("1.0", sha256="7bb...")
version("0.99.4", sha256="34a...")

variant("json", default=True, description="Build edm4hep with JSON support and edm4hep2json", when="@9.99.2:",)

depends_on("cxx", type="build") # generated
depends_on("cmake@3.23:", type="build")
depends_on("python", type="build")
depends_on("root@6.08:")
depends_on("podio@l.6:", when="@0.99.3:")

patch("https://github.com/key4hep/EDM4hep/commit/187..., when="@0.99.1", sha256="374...",)

def cmake args(self):
args = [
self.define_from variant("CMAKE_CXX STANDARD", "cxxstd"),
self.define("BUILD TESTING", self.run_tests),
self.define from variant("EDM4HEP_WITH JSON", "json"),
1
return args

def setup run environment(self, env: EnvironmentModifications) -> None
env.prepend_path("LD_LIBRARY_PATH", self.spec["edmdhep"].libs.directories[0])
if self.spec.satisfies("@:0.10.5"):
env.prepend_path("PYTHONPATH", self.prefix.python)
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A Spack recipe
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What do we build?

® Starting point: github.com/key4hep/key4hep-spack
® About 85 packages that are not in upstream Spack

¢ Set of recipes for packages in Key4hep (from the repositories under github.com/key4hep) plus
repositories under other organizations like iLCSoft, HEP-FCC

® Virtual package key4hep-stack that depends on the packages we want to build
» Pulls all the dependencies, ~600 packages

depends_on
depends_on
depends_on
depends_on
depends_on
depends_on

"acts")
"babayaga")
"bdsim")
"cldconfig")
"dd4hep")
"edmdhep")



https://github.com/key4hep/key4hep-spack
https://github.com/key4hep
https://github.com/iLCSoft
https://github.com/HEP-FCC

Build Configuration

Builds are done in containers in OpenStack instances provided by CERN
GitLab Cl pipelines are used
Packages are installed to a local /cvmfs folder and then copied to a publisher

The configuration file spack.yaml for the nightlies (opt) looks like:

spack:
view: false
include:
- ../keydhep-common/config-nightlies.yaml # Paths for the nightlies
- ./packages.yaml # Specific for nightly-opt
- ../keydhep-common-opt/packages.yaml # Configuration for opt builds
- ../key4hep-common/packages.yaml # Common for all builds
- ../key4dhep-common/compilers.yaml
- ../keydhep-nightly-share/packages.yaml # Location of packages that are already installed
repos:
VRN # Add all the packages in the key4hep-spack repository
specs:

- keydhep-stack+full

EP-SFT 1 0
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Build Configuration

® Multiple parts of the configuration in different packages.yaml do not combine well

¢ An additional script is used to combine the included packages.yaml into a single one with the
combined configuration

® If building the nightlies, it also adds the latest commit of some packages to the requirements
® Final packages.yaml:

packages:
dd4hep:
require: '@18c76375c7d3ebc2b35b293e9985e2al671aedfb6=develop +edm4hep+lcio+xercesc+hepmc3 build_type=Release’
edmdhep:
require: '@9d6325262422af907dad41la0ede66d00371569bdc=develop build type=Release cxxstd=20'
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Nightly builds

® Every few weeks the latest commit of spack-packages is picked and a full build is done

® The following days only a subset of repositories are built: the ones that have changed.

» These use the builds from scratch as upstream

Full build Full build

600 packages Update spack-packages o develop. | 600 packages
2026-01-01 Update key4hep-spack 2026-01-10

(2026-01-02)(2026-01-03)(2026-01-04) .. ) (2026-01-11)(2026-01-12)(2026-01-13|

) N | EpsET
/ bftwar
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Debug builds

® Debug builds, with debug symbols and without compiler optimizations, share many packages
with the opt builds

® They use as upstream the opt builds

Full build (opt)
600 packages > 600 packages
2026-01-01 Update spack-packages to develop 2026-01-10
Update key4hep-spack

Full build (opt)

) (2026-01-11)(2026-01-12)(2026-01-13) .. ]
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LCGCMake

¢ Custom CMake-based tool
® Based on a reimplementation of ExternalProject Add, started around 13 years ago

® Used to build the LCG stacks: over 70 builds every day, combining different architectures
(x86_64, aarch64, arm64 for Mac), compilers, stacks and build types

® Recipes are CMake code; stacks are defined by a list of packages and their versions

LCGPackage add( include(heptools-dev4)
EDM4hep LCG external package(ROOT 6.40.02)
URL ${GenURL}/EDM4hep-${EDM4hep_native version}.tar.gz LCG_external package(EDM4hep HEAD GIT=https://github.com/key4hep/EDM4hep.git)
ENVIRONMENT CPLUS_INCLUDE PATH=${vdt_home}/include:$ENV{CPLUS_INCLUDE PATH} | LCG external package(k4clue 01.01.00)
CMAKE_ARGS -DCMAKE BUILD TYPE=${CMAKE BUILD TYPE} LCG external package(k4edmdhep2lcioconv 00.14)
-DCMAKE INSTALL PREFIX=<INSTALL DIR> LCG external package(k4fwcore 01.06)

-DCMAKE_CXX_STANDARD=${CMAKE_CXX_ STANDARD} LCG external package(k4gaudipandora 0.2.0)
-DBUILD TESTING=0FF L.
-DPython3_EXECUTABLE=${Python_home}/bin/python3
BUILD COMMAND ${MAKE}
DEPENDS ROOT podio Jinja2 jsonmcpp Python
)

source /cvmfs/sft-nightlies.cern.ch/lcg/views/dev4/latest/x86 64-el9-gccl6-opt/setup.sh

EP-SFT 1 5
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https://gitlab.cern.ch/sft/stacks/lcgcmake
https://lcgdocs.web.cern.ch/lcgdocs/lcgreleases/introduction/

LCGCMake

Using Jenkins to orchestrate the builds and OpenStack instances provided by CERN
Packages are built in ephemeral containers, rpaths are removed and they are uploaded to a
cache

» Only new package versions (and dependents) are built

At installation the packages are downloaded and relocated
» Creates a symbolic link if a package is already on CVMFS

A view is created with a setup script

» In a view, there is folder called bin with symbolic links to everything installed in the bin folder
of every package

| EP-SFT i 1 6
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Integration of Key4hep in the LCG stacks

® Done in steps:

» Build the Key4hep stack within the LCG stacks
» Clin Github running on LCG stacks on Alma 9 and Ubuntu 26 for Key4hep

» Opt-in to use the new builds, pass --1cg t0 source /cvmfs/sw-nightlies...
. Change the default setup.sh to use the LCG stacks X

. Stop building the Key4hep stack with Spack X

® Copying the recipes from Spack was easy (and LLMs were not that good when this was done)

® The migration has taken longer than expected
> Issues with views
» Several MC generators required changes

@Y |, 17
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Differences between the stacks

® Not using views with Spack, using views with LCG stacks
» Paths to existing packages can not be removed with k4 local repo
» Possible bug in Gaudi loading both the local and the library from the stack
» In LCG one can set the env for a package only, but doesn’t work for all packages

¢ Different approaches to updating packages
» With Spack, a big update of all the packages at once
» With LCG, updates happen regularly

18



https://gitlab.cern.ch/gaudi/Gaudi/-/work_items/398

Synergies: Key4hep and LCG stacks

® Beneficial for the LCG stacks:
» Several packages needed in Key4hep (like ACTS) are now up-to-date in LCG stacks

» Setup scripts for LCG stacks used to run executables or check paths to find stuff
- Now they hardcode the environment variables like it was done in Key4hep
» Experiment with Key4hep: many of the Key4hep packages are being built with LTO

® Beneficial for Key4hep:

» Fast updates for many packages, 1 day after release for many

» Because of existing builds for Mac and with CUDA, it’s relatively easy to have those with
Key4hep
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Summary

® Key4hep is the framework of choice for most future collider studies

The Key4hep stack, a comprehensive set of more than 600 packages, is provided on CVMFS

with multiple OS and build types supported

® Because of an ongoing transition, two independently built stacks are provided:

» One built with Spack, used for several years to build the Key4hep stack

» One built as part of the LCG stacks, provided by EP-SFT at CERN and used by ATLAS,
LHCb and others

® Transition is not trivial

® Easy setup (with an optional --1cg):
source /cvmfs/sw-nightlies.hsf.org/key4hep/setup.sh --1lcg
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EDM4hep

\ EDM4hep DataModel Overview (v1.0) [
Common language that all components smyimm«.fwcam"mmm" N Panicee
T calorimeterhit g | ¢
speak in Key4hep caeContibuion 7 =
gt oot /
' . . f()m:>5;:i/x;/’ffu‘u_ ;O
Classes for physics objects, like T Im feee vl
MCParticle, with relations to other I mc%
b' . ",J/_;‘/,,qTrackerHit_ 1 O
O JeCtS SimTrackerHit =~ | RawTmeSeris j%::gt:\;;:gﬁ"e RecDqdx  Vertex
~oenseWireHlt | Reconstruction &
Links between objects Monte Carlo Raw Data |

Objects are grouped in collections, like e yersion 1.0 released
MCParticleCollection
¢ Backwards compatibility thanks to schema

Open weekly meetings evolution in podio
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Podio and EDM4hep

® Podio (Plain Old Data IO) is the tool used to generate code for EDM4hep
® Podio favors composition over inheritance with its layered design

® The specification for EDM4hep is done in a yaml fila nadin canvarte it tn (o rnda

HitCollection

edmé4hep: :MCParticle:
Description: "Monte Carlo particle..."
Author: "EDM4hep authors"

User Layer

Members:

- int32_t PDG Jinja

- float charge .

- float time [ns] templates Object Layer

- double mass [GeV]

OneToManyRelations:

- edm4hep::MCParticle parents HitData POD Layer
- edm4hep::MCParticle daughters

® Podio also includes reading and writing ROOT TTrees, RNTuples and other backends
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The Key4hep Framework

Gaudi-based core framework:

» k4FWCore provides the interface between EDM4hep
and Gaudi

» k4Gen for integration with generators
» k4SimDelphes for integration with Delphes
» k4MarlinWrapper to call Marlin processors

» Algorithms for trackers (k4RecTracker), calorimeters
(k4RecCalorimeter)

» Algorithms ported from the linear collider community

A
Transient Event N
Algorithm B
Data Store

A

Appar;nt dataflow

Real dataflow
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https://gitlab.cern.ch/gaudi/Gaudi/
https://github.com/key4hep/k4FWCore
https://github.com/HEP-FCC/k4Gen
https://github.com/key4hep/k4SimDelphes
https://github.com/key4hep/k4MarlinWrapper
https://github.com/key4hep/k4RecTracker
https://github.com/HEP-FCC/k4RecCalorimeter

