lraccc Integration

Neza Ribaric¢ on behalf of Traccc and Detray developers, 21.04.2026



Traccc: introduction

- Traccc is the ACTS demonstrator project for massively parallel tracking
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- Not only algorithms, but also the supporting libraries:

- Detray is a GPU-optimized detector description library

- VecMem is a memory management library for heterogeneous computing

- Covfieis a library for representing vector fields



lraccc

- To aid rapid development the Traccc repository (and supporting libraries) have been

decoupled from ACTS

- The project has seen a massive improvement in physics and compute performance in the

last years

. In the last 3/4 year, the compute performance has increased massively !

Kernel Time @may 2025
fit 280.68 ms
propagate _to_next_surface 118.21 ms
find tracks 26.36 ms
count_triplets 1416 ms
find_triplets 5.98 ms
Total ODD ttbar mu=200 450.89 ms

Kernel Time @march 2026
propagate _to_next_surface 6.42 ms
find tracks 1.73 ms
ccl kernel 823.96 us
count_doublets 823.49 us
count_triplets 568.73 us

Total ODD ttbhar mu=200

13.34 ms




Traccc: introduction

- The incredible progress inspired ATLAS to embrace the idea of an Event Filter (real-time track
reconstruction) farm with GPUs

- The amount of GPU offloading is currently unknown
- We have developed many tracking pipelines in a plug-and-play fashion all using ACTS/Traccc components

- The seamless interplay between ACTS (CPU) and ACTS (GPU) components is important
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[Traccc: iIntegration

. Priority is now integration and consolidation, not just R&D
clean-up

Initial state

. Ultimate goal is to have one mono-repository:

acts

- Remove potential dependency and versioning issues
. Easier for clients to use and tailor tot heir needs

- Common naming conventions and build infrastructure
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[Traccc: iIntegration

- To achieve a mono-repository we have to:

- Undergo a staggered integration of Traccc and
supporting libraries into ACTS

- Harmonize dependancies
- Unify naming conventions

« Rethink Cl tests and workflows
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Initial state
Traccc: integration i}}iﬁj\
algebra-plu;ﬁ ﬁ vecmenm

Current state

acts J-h~‘\\\\\\\ﬂ$ tIaAces

. Status of the staggered integration:

. Step 1: integrate algebra-plugins into Detray

covfie datray, .
. Step 2: integrate Detray into ACTS: o : it pl‘“’%
+ Last version of Detray is taggea Work in progress (coming weeks)
detra traccc
- Final PR ready to merge into ACTS slgebrs \ \
covfie vecmem

- Move Detray into ACTS “as-is” with dedicated ClI
workflows Ultimate goal (summer)
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Initial state
Traccc: integration i}}iﬁj\
algebra-plu;ﬁ ﬁ vecmenm

Current state

acts J-h~‘\\\\\\\ﬂ$ tIaAces

) detray,
covfie y

. Status of the staggered integration:

. Step 1: integrate algebra-plugins into Detray

. Step 2: integrate Detray into ACTS s, algebra plug%
» Step 3: integrate Traccc into ACTS: Work in progress (coming weeks)
detra traccc
. Will take a longer period of time e ‘\ \
covfie vecmenm

Ultimate goal (summer)
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[Taccce: ntegration

- Baby steps toward integration of Traccc into ACTS:

. Bump dependency versions in ACTS

- Provide users with examples through ACTS Examples:
- Compiling Traccc example scripts

- Includes full-chain algorithm python binding

10:38:42 Sequencer finished event 0@

10:38:42 TracccSeqAlg Finalizing traccc GPU sequence algorithm

10:38:42 Sequencer Processed 1 events in 11.219919 s (wall clock)
from acts.examples.traccc 1mport * 10:38:42 Sequencer Average time per event: 11.021273 s/event
10:38:42 Sequencer Timing breakdown:
| Algorithm | Total Time (ms) | Time/Event (ms) | Fraction |

s.addAlgorithm( TracccSegAlgorithm(detectorFile=...,

bfieldFile=..., dataDirectory=...) ) e [ e N : |

| Algorithm:TracccSeqAlgorithm | 11021.27 | 11021.27 100.0% |
| TOTAL | 11021.27 | 11021.27 100.0% |




Traccc: validation

- Alot of code is available in ACTS and Traccc to do physics studies (validation wrt truth)

- A |lot of code has been developed
pipeline validation and debugging:

in an Athena adjacent repository (ATLAS software) to do

racking with truth seeds / truth track parameters

- Compare track reconstruction chains component-by-component

- Clusters and spacepoints (which cells, measurement position and covariances)

- Seeds and tracks (how many @
do the tracks parameters matc

e are composed of same measurements, to what degree

N)

10



RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWLQALL 18:13:19 GRUTrackingValidationA
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWLQALL 18:13:19 GRUTrackingValidationA
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GRUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GRUTrackingValidationA|
RAWLQALL 18:13:19 GRUTrackingValidationA

IRAWtoALL 18:13:19 GRUTrackingValidationA
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWLQALL 18:13:19 GRUTrackingValidationA
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GRUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWtoALL 18:13:19 GPUTrackingValidationA|
RAWLQALL 18:13:19 GRUTrackingValidationA

RAWtoALL 18:13:19 GPUTrackingValidationA

10 10 10 10 10 10 10 0 10 0 10 10 IO IO 10 10 10 1O

10 10 10 10 10 10 10 0 10 10 10 10 10 10

DEBUG Pixel cluster validation:

DEBUG Local position:

DEBUG Traccc: (9.01298, -16.6917)

DEBUG ACTS: (9.01298, -16.6917)
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DEBUG Global position:

DEBUG Traccc: (67.773, -140.067, -414.522)
DEBUG ACTS: (67.773, -140.067, -414.522)
D EBEIGREA =SSN V= (N 2= () A =2()
DEBUG Cluster coyv:

DEBUG Traccc: (0.000208333, 0.000208333)
DEBUG ACTS: (0.000208333, 0.000208333)
DEBUG Ax=0,Ay=0
DEBUG Cluster width:

DEBUG Traccc phifeta channels, eta width: (2, 2, 0.1)
DEBUG ACTS phi/eta channels, eta width: (2, 2, 0.1)

DEBUG Aphi=0, Aeta =0, Awidth=0
DEBUG Strip cluster validation:

DEBUG Local position:

DEBUG Traccc: (46.1364)
DEBUG ACTS: (46.1364)
DEBUG Ax=0

DEBUG Cluster coyv:

DEBUG Traccc: (0.000475021)
DEBUG ACTS: (0.000475021)
DEBUG Ax=0

DEBUG Cluster width:

DEBUG Traccc phi channels: (1)
DEBUG ACTS phi channels: (1)
DEBUG Aphi=0
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INFO Reading Traccc and ACTS seeds: ActsPixelSeeds and ActsPixelSeeds
DEBUG Seed numbers Traccc/ACST: 1/ 1

DEBUG Looping over Traccc seeds.

DEBUG Looping over ACTS seeds.

INFO Seed comparison, large clusters (diff > 0.025): 0

INFO Same clusters : 1 (0)
INFO Partial match: 0 (0)

INFO Traccc-only :0 (0)

INFO

INFO Reading Tracce and ACTS tracks: TraccclrackParticles and InDetTrackParticles
DEBUG Pixel cluster matches: 12

DEBUG Strip cluster matches: 11

DEBUG Track numbers Traccc/ACST: 1/ 1
DEBUG Looping over Traccc tracks.
DEBUG Looping over ACTS tracks.

INFO Track comparison, large clusters: 0

INFO
INFO
INFO
INFO
INFO

ACTS-only

Same clusters : 0 (0)
Partial match : 1 (0)

19 clusters overlap: 1 (0)

Traccc-only :0 (0)

ACTS-only

: 0 (0)

RAW1oALL 18:13:19 Detailed partial match analysis:
RAWtoALL 18:13:19 Partial match [Traccc idx: 0, ACTS idx: 0]
RAWtOALL 18:13:19 Overlap: 19 / 20 (Tracce) vs 21 (ACTS)
RAWtOALL 18:13:19 Traccc track: 20 clusters, O large
RAWtoALL 18:13:19 ACTS track: 21 clusters, O large
RAWiQALL 18:13:19 Divergence location: middle

RAWIoALL 18:13:19 Traccc mismatched positions: 8
RAWtoALL 18:13:19 ACTS mismatched positions: O, 1




[Taccce: things to do and think about

- Baby steps towards integration of Traccc into ACTS:

- Harmonize Cl compiler flags

- Reproduce plug-and-play options in ACTS Examples — converge EDM conversions

» Bring back all the validation tools
- When Detray is in ACTS create input files in-memory
- Adopt ACTS naming convention (camel vs. snake case)

- Avoid overloading the Cl: what to test and when?

919 /Users/runner/work/acts/acts/build/_deps/traccc-src/examples/run/cpu/../common/throughput_mt.ipp:205:56: error: zero as null pointer

constant [-Werror,-Wzero-as—null-pointer-constant]

920 205 | std::srand(static_cast<unsigned int>(std::time(0)));
921 | A
922 | nullptr
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