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The ATLAS Experiment

● ATLAS is:
○ One of the general purpose experiments at 

the Large Hadron Collider
○ Collecting ~1.6 MB proton-proton (and 

sometimes Pb-Pb, Pb-p) data events with 
O(1) kHz rate, which our offline software 
has to process/analyse

○ Using hundreds of thousands of CPUs all 
over the world to process O(100) PB of 
data 24/7

○ Undergoing major hardware and software 
updates for LHC’s Run-3/4
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http://atlas.cern/
https://home.cern/science/accelerators/large-hadron-collider
http://atlas.cern/


ATLAS’s Computing Challenge

● The LHC will provide a much larger 
amount of data in what we call the 
“High Luminosity LHC” period

● Our current software will not be able 
to cope with that data with the budget 
that we will have

○ So we are looking into novel data 
processing techniques, including using 
accelerators

○ SYCL/oneAPI is one of the possibilities 
being looked at for integrating accelerated 
algorithms into ATLAS’s codebase
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https://gitlab.cern.ch/atlas/athena


Charged Particle Reconstruction
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Space point formation

Seed finding

Track finding



Acts Seed Finding

● Acts is an experiment agnostic track reconstruction toolset, based on ATLAS’s 
track reconstruction code

○ https://acts.readthedocs.io
○ https://github.com/acts-project/acts

● During “seed finding” the code needs to find space point triplets that are 
compatible with coming from a helix track left by a charged particle

○ In general it’s an N3 problem. But with strict/clever selection techniques (in the existing C++ 
implementation), it behaves more like an N2 problem.

● The algorithm is split into the following steps:
○ Spacepoint duplet finding, only keeping duplets passing certain selection criteria
○ Spacepoint triplet formation, only keeping triplets passing certain selection criteria
○ Spacepoint triplet filtering, keeping only triplets that are the “best” in varying groups of triplets
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“Easily” 
parallelisable

Currently only partially parallelised

https://acts.readthedocs.io
https://github.com/acts-project/acts


Acts::Sycl::Seedfinder (1)

● The primary user interface to the 
SYCL/oneAPI based R&D seedfinder 
implementation is templated

○ Necessary to make it possible to use the 
code with an experiment specific “event 
data model”

○ Provides some challenge in hiding the 
SYCL/oneAPI code from the interface
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https://github.com/acts-project/acts/blob/master/Plugins/Sycl/include/Acts/Plugins/Sycl/Seeding/Seedfinder.hpp


Acts::Sycl::Seedfinder (2)

● It helped development a lot to be able 
to implement kernels “inside the host 
code” in lambdas

○ However I found that long-term readability 
and “profile-ability” can suffer from writing 
the code in this way. I’m in the process of 
separating device code from host code a 
bit more formally in the implementation at 
the moment…

● What we have no solution for yet is to 
allow users to provide their own 
“filtering code” for the triplets that the 
main algorithm could use
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https://github.com/acts-project/acts/blob/master/Plugins/Sycl/src/Seeding/CreateSeedsForGroupSycl.cpp


ActsUnitTestSeedfinderSycl

● The R&D code is exercised by a very 
simple executable for now

● Which we are using with inputs 
coming from ATLAS’s detector 
simulation

○ Setting up a slew of inputs with differing 
event complexities, to test the algorithm 
across a reasonably wide phase space
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https://github.com/acts-project/acts/blob/master/Tests/UnitTests/Plugins/Sycl/Seeding/SeedfinderSyclTest.cpp


Performance
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● The code can be compiled for all the available backends of DPC++
○ Here I show results of running the code with the OpenCL and NVPTX backends, on two different 

hosts
● The “reference result” is coming from the CPU optimised code running in a single thread, not 

using SYCL/oneAPI at all



Summary

● We have a working prototype for “seed finding” in Acts, using SYCL/oneAPI
○ The tests show a healthy speedup from the code when using a dedicated GPU, but only a modest 

one when using an integrated one

● Other steps of the charged particle reconstruction in Acts are also under 
development to be ported to accelerators

● Ease of “code prototyping” is a big plus during algorithm development
○ However our initial idea of using the same algorithm on the host when no accelerator is available, is 

likely not going to work out. The CPU code just needs to be optimised differently than the GPU one. 
☹

● ATLAS will likely need to put code like this into production in LHC’s Run 3/4 to be 
able to cope with the LHC’s increased performance

○ We will be continuing with our developments for years to come…
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Backup
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The Large Hadron Collider
● Searching for new phenomena and 

making precision measurements at 
the energy frontier requires a huge 
machine

○ The LHC with all of its experiments is the 
largest and most complex physics 
experiment ever constructed

● Protons are accelerated in multiple 
steps to 6.5 TeV energy, and brought 
into collision at 4 points around the 
LHC ring

○ Producing 13 TeV p-p collisions for the
4 main LHC experiments
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Charged Particle Detection

● Different detector types are placed in 
a solenoid magnetic field, which 
detect (in different ways) when a 
charged particle goes through them

● Charged particles travel along a helix 
in the solenoid magnetic field

○ Reconstructing the properties of this helix 
allow us to determine the physical 
properties of the particle
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Single Threaded SYCL Performance



http://home.cern 

20

http://home.cern

