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https://github.com/acts-project

ACTS Project Organization

https://github.com/acts-project
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Talk Overview

● This talk will focus on the practical parts of traccc 
○ Supported features
○ EDM and algorithm
○ User guide

● Geometry-related information will be given in the next talks 

● For the performance-related information, please check out the CHEP 2024 talk

https://indico.cern.ch/event/1338689/contributions/6010050/
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Supported Languages

● CPU, CUDA, SYCL, Alpaka, and a few more

● Main development happens around CUDA but it is exclusive to NVidia products

● AMD and Intel devices can be used via SYCL and Alpaka implementations
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Supported Precision Formats

● Lots of HEP libraries (e.g. Geant4) have been written in double precision for numerical stability

● For most GPUs, especially the consumer-grade ones, double is much slower than float 

● traccc supports both precision types but it has been challenging to make sure that the float 
calculation is OK

○ Ongoing effort by improving linear algebra algorithms
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Detector Support

● Most development activities focus on Si-based detectors

● Prototype for gaseous detector exists but the fitting needs more development 
○ Left-right ambiguity in the drift chamber
○ TPC spacepoint representation
○ Multiple scattering in dense materials
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Installation

● The instructions can be found in the github main page
○ https://github.com/acts-project/traccc

● Various CMake presets are available for GPU languages 
APIs and precision formats.

● traccc can also be built within ACTS via CMake 
configuration:

○ ACTS_BUILD_PLUGIN_TRACCC=ON

https://github.com/acts-project/traccc
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traccc Algorithms

1. Hit clusterization (Si-detector only)
○ Creating measurements from detector 

readouts

2. Seeding 
○ Finding sub-patterns made of three 

measurements

3. Track finding Combinatorial Kalman Filter)
○ Finding full patterns of all measurements

4. Ambiguity Resolution
○ Remove duplicate & false-positive patterns

5. Track fitting Kalman Filter)
○ Fitting the patterns to precise tracks

Image by P. Gessinger

Hit clusterization 

Measurement

https://acts.readthedocs.io/en/latest/tracking.html
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Algorithm Implementation Status
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Event Data Model EDM) and Algorithm

Algorithm

Input EDM

Output EDM

Digitization info, 
Geometry, B field

● The output EDM of an algorithm is the input EDM of the 
next algorithm

● Detector-related information can be required depending 
on the algorithm type.
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Event Data Model Definition

● The objects are contained inside a flat vector or vector of vector (jagged vector)

● In transition to Struct-of-Array, which is more GPU-friendly

/// SoA container describing silicon detector hits
using silicon_cell_collection =

vecmem::edm::container<silicon_cell, 
                        vecmem::edm::type::vector<channel_id>, // channel ID_0
                       vecmem::edm::type::vector<channel_id>, // channel ID_1
                       vecmem::edm::type::vector<scalar>, // activation
                       vecmem::edm::type::vector<scalar>, // time
                       vecmem::edm::type::vector<unsigned int> >; // module index

core/include/traccc/edm/silicon_cell_collection.hpp
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Initialize Event Data Model

// Memory resource used by the EDM
vecmem::cuda::host_memory_resource host_mr;

// Create cell collection
traccc::edm::silicon_cell_collection::host cells{host_mr};
cells.reserve(8u);
cells.push_back({1u, 2u, 1.f, 0.f, 0u});
cells.push_back({2u, 2u, 1.f, 0.f, 0u});
cells.push_back({3u, 2u, 1.f, 0.f, 0u});
cells.push_back({6u, 4u, 1.f, 0.f, 0u});
cells.push_back({5u, 5u, 1.f, 0.f, 0u});
cells.push_back({6u, 5u, 1.f, 0.f, 0u});
cells.push_back({7u, 5u, 1.f, 0.f, 0u});
cells.push_back({6u, 6u, 1.f, 0.f, 0u});

● Need to specify the vecmem memory resource (e.g. host, device, managed) 

● AoS style object addition (push_back) is allowed via proxy objects
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Memory Copy between CPU and GPU

// VecMem Memory resource
vecmem::cuda::host_memory_resource host_mr;
vecmem::cuda::device_memory_resource device_mr;
traccc::memory_resource mr{device_mr, &host_mr};

// VecMem copy object
traccc::cuda::stream stream;
vecmem::cuda::async_copy copy{stream.cudaStream()};

// Allocate memory for GPU
traccc::edm::silicon_cell_collection::buffer cells_buffer(
     static_cast<unsigned int>(cells.size()), mr.main);
copy.setup(cells_buffer)->wait();

// Host (CPU) to device (GPU) copy
copy(vecmem::get_data(cells), cells_buffer)->wait();

● Allocate the memory in the GPU device first and copy with vecmem object
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namespace traccc::cuda {

class clusterization_algorithm
: public algorithm<measurement_collection_types::buffer(

      const edm::silicon_cell_collection::const_view&,
      const silicon_detector_description::const_view&)>,
  public messaging {
  //…
};

}

device/cuda/include/traccc/cuda/clusterization/clusterization_algorithm.hpp

Algorithm Definition

output

input

● Defined with input and output types as template arguments
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Run Algorithms

// Make clusterization algorithm object
traccc::cuda::clusterization_algorithm ca_cuda(
    mr, copy, stream, clusterization_opts,
    logger().clone("CudaClusteringAlg"));

// Run cuda clusterization to obtain measurements on the device.
auto measurements_cuda_buffer = ca_cuda(cells_buffer, detector_description_buffer); 

● Create an algorithm object and run () operator
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How to Get Started

● If you are new to traccc, it is a good idea to explore example codes

● N.B.)  Example codes are just guidelines for users who are not familiar with the API. 
Users will need to write their pipelines on their own eventually

From seeding to fitting

From clusterization to fitting Full chain)

From finding to fitting

Only Fitting

Full chain throughput measurement with multiple CUDA streams

Full chain throughput measurement with a single CUDA stream
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Executing an Example Application

● Specifying detector-related information and input data is enough

<build_directory>/bin/traccc_seq_example_cuda \
   --detector-file=geometries/odd/odd-detray_geometry_detray.json \
   --material-file=geometries/odd/odd-detray_material_detray.json \
   --grid-file=geometries/odd/odd-detray_surface_grids_detray.json \
   --use-detray-detector=true \
   --digitization-file=geometries/odd/odd-digi-geometric-config.json \
   --use-acts-geom-source=true \
   --input-directory=odd/geant4_10muon_10GeV/ \
   --input-events=10

Detector inputs

Data inputs

ODD full chain example
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Final Remarks

● Lots of features of traccc are still in WIP and the user interface changes often

● Once the integration into ACTS is completed, it will be convenient to convert your CPU 
pipeline to GPU one

● Useful links:
○ traccc mattermost link: https://mattermost.web.cern.ch/acts/channels/traccc
○ Indico link for biweekly meetings: https://indico.cern.ch/category/16958/

https://mattermost.web.cern.ch/acts/channels/traccc
https://indico.cern.ch/category/16958/

