%OAK RIDGE

National Laboratory

Dluﬂ O
A\ QX\_BXQ\_QX\_Q\_Q&Q\_XQ\_Q

Seth R Johnson

HPC methods for nuclear applications
Oak Ridge National Laboratory

ORNL is managed by UT-Battelle, LLC for the US Department of Energy PR US DEPARTMENT OF

Celeritas core team:

27th Geant4 Collaboration Meeting
Philippe Canal (FNAL), Tom Evans (ORNL), Soon Yung Jun Rennes, France
(FNAL), Guilherme Lima (FNAL), Amanda Lund (ANL), Paul
Romano (ANL), Stefano Tognini (ORNL) 29 September, 2022




ORANGE Oak Ridge Advanced Nested Geometry Engine

- Designed for deeply nested
reactor models

- Portable (CUDA/HIP) geometry
implementation for testing

- Tracking based on CSG tree of
surfaces comprising volumes

- Maximize run-time performance
by preprocessing
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ORANGE surface-based tracking methodology
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Celeritas geometry interface
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ORANGE surface/volume construction
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Memory requirements (geometry model/parameters)

- Surfaces: type (byte), representation (1-10 reals)

- Must be deduplicated across multiple adjacent shapes

« Can be reused across multiple universes
+ Volumes: linearized CSG tree (2-4 x #faces x ints) and surface IDs
- Surface—volume connectivity

- Acceleration structures (BVH, “voxelized” grid, etc.)
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Memory requirements (track state)

- Multiply by number of tracks in flight for total memory usage

* Per-level data (multiply by maximum number of levels)

- Physical state: position, direction

- Logical state: volume, surface, sense, reentrant boundary flag, level

- max levels x (6 x sizeof(real) + 2 x sizeof(int) + sizeof(bool)) + sizeof(bool) + sizeof(int)
- Geant4-specific representation could remove “level” multiplication factor

+ Scratch space

- Initialization and intersection: max faces per volume x sizeof(bool)
- Intersection: max intersections per volume x (sizeof(real) + 2 x sizeof(int))

Complex geometry example: 8 levels, 16 max faces & intersections, 2M tracks — 1.5GB
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Key tracking algorithms
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Opportunities for inter-thread cooperation

Initialize
(or cross boundary)

- Current Celeritas/ORANGE model is CPU-like Y

+ Single thread corresponds to single track \

Is inside volume

- No inter-thread cooperation for geometry \

- ExaSMR code has shown performance S\
iImprovements by launching more threads with Calculate surface
several threads contributing to a single track sense

- ORANGE can do the same for key parallelizable b
algorithms that are now “serial” loops .

Evaluate logic

Locating the volume corresponding to
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