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2Today’s menu (IWOCL 2026)

Github public repo

• What is Shamrock ? 
• Performance overview (& aurora scalability) 
• Our usage of SYCL 
• Migrating away from sycl::buffer(s)

No. 101053020 (Dust2Planets)

Acknowledgments :

DD Allocation Shamrock on Aurora
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What is 
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GOAL : run hydro on exascale !

Meshless (SPH) ? 
The best method obviously Grid / AMR ? 

Look at my shocks !

Which method ?



5What is Shamrock ?

3 main numerical methods in astro :

SPHFinite VolumesFinite elements

𝕌t+1 = F ({𝕌t
i}i∈{ })γ( , ) &

Interaction criterion Numerical scheme



6What is Shamrock ?

Criterion γ
Scheme F Abstraction

SPHFinite VolumesFinite elements

𝕌t+1 = F ({𝕌t
i}i∈{ })γ( , ) &

Interaction criterion Numerical scheme



7What is Shamrock ?

Criterion γ
Scheme F

SPHFinite VolumesFinite elements

Generalized sparse communications
Generalized neighbor finding
Generalized load balancing

Solver  
+ scalability 

PHD = write this from scratch



8Multi-method !
SPH (Phantom kind) Finite volume (RAMSES kind)

Finite elements (Zeus/Fargo kind)

Enable multi-method studies with a single code !Experimental

+Godunov-SPH (since 2 months ago) 
From S. Inutsuka group (Nagoya, Japan)
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Documentation:

Matplotlib inspired doc, Link 

• Interoperable with Python
(Simple user interface)

Python Oriented

https://shamrock-code.github.io/Shamrock/sphinx/_as_gen/index.html


10Packaged !

AdaptiveCpp OpenMP
Contributed last year in homebrew !

AdaptiveCpp, Icpx, Intel/llvm 
(All backends)

•Everything in a single executable / no #ifdefs 
•Packaged using AdaptiveCpp (Also icpx on Spack)



11More details ?
How ?

MPI17

Do everything on GPUs

Talk at IWOCL 2025

Papers :



12The code

Github public repo
CECILL License

• Public development on GitHub 
• Hosted by the Shamrock-code organization 
•  210.000 lines of code≃
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PODCAST (PI: G. Laibe)
Dust2Planets (PI: F. Ménard)

PEPR Origins (PI: A. Morbidelli)

 1 of the 3 Exascale codes  
identified in the project

⇒

EuroHPC CoE Space project
 port RAMSES AMR solver  

in the Shamrock framework
⇒

 Using Shamrock for aerodynamic  
design optimisation

⇒

 Investigate/optimise Shamrock  
Exascale scalability  

& MPI tunning

⇒

Supports & Collaborations
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Performance overview
SPH Weak scaling test



15Single GPU / node

Also AMD GPUs (not on this graph)

Aurora node

Aurora = icpx | Apple M4 max = Acpp OpenMP | Other = Acpp SSCP



16Performance overview (SPH)
Weak scaling test:
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5.34e+09
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8.73e+09

2e6 parts / GPUs

16e6 parts / GPUs

32e6 parts / GPUs

64e6 parts / GPUs

• 65.000.000.000 particles ( ) 
• 9G part / seconds 
• 7 sec / iterations 
• 2048 GPU tiles (MI250x)

40003
Shamrock :

Sedov Taylor blast 32M part / MPI ranks
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Top 500 list :

We have access to this one

120 000 GPUs
1 Exaflop

On the road to Exascale

T. David--Cléris, T. Applencourt, M. Wilkins (in prep.)

10 MCPU hours (GENCI) / realtime hours



18Scalability on 4096 nodes

• 1.574.517.452.288 particles 
• 328 Gpart / seconds 
• 5 sec / iterations 
• 49152 GPU tiles 
• 1.3 PB of VRAM

Shamrock :
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Our             usage



20SYCL implementations usage

• Support AdaptiveCpp (SMCP & SSCP) & icpx / Intel llvm, all backends 
• Only SYCL-2020 without vendor extensions (not enough human time) 
• Used through CMake with changing CMAKE_CXX_COMPILER always treat SYCL 

implementation as custom compiler. 
• Preconfigured environment scripts for many machines

(Very efficient to make Aksel angry)



21Out-of-order queues & sycl::buffer

ρv ρeρ

Pv

Cons to prim

LinkPart of the graph for base hydro

Can dump the TEX & graph of the solver

Very complex dependency chain & too many possibilities!

Hydro Solver  DAG (with sub cycles)≃

https://dreampuf.github.io/GraphvizOnline/?engine=dot#digraph%20G%20%7B%0A%0A%20%20subgraph%20cluster_39%20%7B%0An_0%20%5Blabel=%22SetEdge%22%5D;%0An_0%20-%3E%20e_0%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_0%20%5Blabel=%22sptree%22,shape=rect,%20style=filled%5D;%0An_1%20%5Blabel=%22FindGhostLayerCandidates%22%5D;%0Ae_2%20-%3E%20n_1%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_2%20%5Blabel=%22%22,shape=rect,%20style=filled%5D;%0Ae_3%20-%3E%20n_1%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_3%20%5Blabel=%22sim_box%22,shape=rect,%20style=filled%5D;%0Ae_0%20-%3E%20n_1%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_0%20%5Blabel=%22sptree%22,shape=rect,%20style=filled%5D;%0Ae_1%20-%3E%20n_1%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_1%20%5Blabel=%22global_patch_boxes%22,shape=rect,%20style=filled%5D;%0An_1%20-%3E%20e_6%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_6%20%5Blabel=%22ghost_layers_candidates%22,shape=rect,%20style=filled%5D;%0An_2%20%5Blabel=%22FindGhostLayerIndices%22%5D;%0Ae_3%20-%3E%20n_2%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_3%20%5Blabel=%22sim_box%22,shape=rect,%20style=filled%5D;%0Ae_8%20-%3E%20n_2%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_8%20%5Blabel=%22source_patches%22,shape=rect,%20style=filled%5D;%0Ae_6%20-%3E%20n_2%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_6%20%5Blabel=%22ghost_layers_candidates%22,shape=rect,%20style=filled%5D;%0Ae_1%20-%3E%20n_2%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_1%20%5Blabel=%22global_patch_boxes%22,shape=rect,%20style=filled%5D;%0An_2%20-%3E%20e_5%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_5%20%5Blabel=%22idx_in_ghost%22,shape=rect,%20style=filled%5D;%0Asubgraph%20cluster_8%20%7B%0An_3%20%5Blabel=%22CopyPatchDataLayerFields%22%5D;%0Ae_8%20-%3E%20n_3%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_8%20%5Blabel=%22source_patches%22,shape=rect,%20style=filled%5D;%0An_3%20-%3E%20e_9%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_4%20%5Blabel=%22ExtractGhostLayer%22%5D;%0Ae_9%20-%3E%20n_4%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0Ae_5%20-%3E%20n_4%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_5%20%5Blabel=%22idx_in_ghost%22,shape=rect,%20style=filled%5D;%0An_4%20-%3E%20e_4%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_4%20%5Blabel=%22exchange_gz_edge%22,shape=rect,%20style=filled%5D;%0An_5%20%5Blabel=%22TransformGhostLayer%22%5D;%0Ae_3%20-%3E%20n_5%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_3%20%5Blabel=%22sim_box%22,shape=rect,%20style=filled%5D;%0Ae_6%20-%3E%20n_5%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_6%20%5Blabel=%22ghost_layers_candidates%22,shape=rect,%20style=filled%5D;%0An_5%20-%3E%20e_4%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_4%20%5Blabel=%22exchange_gz_edge%22,shape=rect,%20style=filled%5D;%0An_6%20%5Blabel=%22ExchangeGhostLayer%22%5D;%0Ae_7%20-%3E%20n_6%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_7%20%5Blabel=%22patch_rank_owner%22,shape=rect,%20style=filled%5D;%0An_6%20-%3E%20e_4%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_4%20%5Blabel=%22exchange_gz_edge%22,shape=rect,%20style=filled%5D;%0An_7%20%5Blabel=%22FuseGhostLayer%22%5D;%0Ae_4%20-%3E%20n_7%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_4%20%5Blabel=%22exchange_gz_edge%22,shape=rect,%20style=filled%5D;%0An_7%20-%3E%20e_9%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_3%20-%3E%20n_4%20%5Bweight=3%5D;%0An_4%20-%3E%20n_5%20%5Bweight=3%5D;%0An_5%20-%3E%20n_6%20%5Bweight=3%5D;%0An_6%20-%3E%20n_7%20%5Bweight=3%5D;%0Alabel%20=%20%22Ghost%20zone%20exchange%22;%0A%7D%0An_9%20%5Blabel=%22ExtractCounts%22%5D;%0Ae_8%20-%3E%20n_9%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_8%20%5Blabel=%22source_patches%22,shape=rect,%20style=filled%5D;%0An_9%20-%3E%20e_10%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_10%20%5Blabel=%22block_count%22,shape=rect,%20style=filled%5D;%0An_10%20%5Blabel=%22ExtractCounts%22%5D;%0Ae_9%20-%3E%20n_10%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_10%20-%3E%20e_11%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0An_11%20%5Blabel=%22GetFieldRefFromLayer%22%5D;%0Ae_9%20-%3E%20n_11%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_11%20-%3E%20e_12%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_12%20%5Blabel=%22block_min%22,shape=rect,%20style=filled%5D;%0An_12%20%5Blabel=%22GetFieldRefFromLayer%22%5D;%0Ae_9%20-%3E%20n_12%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_12%20-%3E%20e_13%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_13%20%5Blabel=%22block_max%22,shape=rect,%20style=filled%5D;%0An_13%20%5Blabel=%22GetFieldRefFromLayer%22%5D;%0Ae_9%20-%3E%20n_13%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_13%20-%3E%20e_14%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_14%20%5Blabel=%22rho%22,shape=rect,%20style=filled%5D;%0An_14%20%5Blabel=%22GetFieldRefFromLayer%22%5D;%0Ae_9%20-%3E%20n_14%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_14%20-%3E%20e_15%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_15%20%5Blabel=%22rhovel%22,shape=rect,%20style=filled%5D;%0An_15%20%5Blabel=%22GetFieldRefFromLayer%22%5D;%0Ae_9%20-%3E%20n_15%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_9%20%5Blabel=%22merged_patchdata_ghost%22,shape=rect,%20style=filled%5D;%0An_15%20-%3E%20e_16%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_16%20%5Blabel=%22rhoetot%22,shape=rect,%20style=filled%5D;%0An_16%20%5Blabel=%22BuildTrees%22%5D;%0Ae_11%20-%3E%20n_16%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_12%20-%3E%20n_16%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_12%20%5Blabel=%22block_min%22,shape=rect,%20style=filled%5D;%0Ae_13%20-%3E%20n_16%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_13%20%5Blabel=%22block_max%22,shape=rect,%20style=filled%5D;%0An_16%20-%3E%20e_19%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_19%20%5Blabel=%22trees%22,shape=rect,%20style=filled%5D;%0Asubgraph%20cluster_19%20%7B%0An_17%20%5Blabel=%22FindBlockNeigh%22%5D;%0Ae_11%20-%3E%20n_17%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_12%20-%3E%20n_17%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_12%20%5Blabel=%22block_min%22,shape=rect,%20style=filled%5D;%0Ae_13%20-%3E%20n_17%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_13%20%5Blabel=%22block_max%22,shape=rect,%20style=filled%5D;%0Ae_19%20-%3E%20n_17%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_19%20%5Blabel=%22trees%22,shape=rect,%20style=filled%5D;%0An_17%20-%3E%20e_20%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_20%20%5Blabel=%22block_graph_edge%22,shape=rect,%20style=filled%5D;%0An_18%20%5Blabel=%22BlockNeighToCellNeigh%22%5D;%0Ae_11%20-%3E%20n_18%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_12%20-%3E%20n_18%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_12%20%5Blabel=%22block_min%22,shape=rect,%20style=filled%5D;%0Ae_13%20-%3E%20n_18%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_13%20%5Blabel=%22block_max%22,shape=rect,%20style=filled%5D;%0Ae_20%20-%3E%20n_18%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_20%20%5Blabel=%22block_graph_edge%22,shape=rect,%20style=filled%5D;%0An_18%20-%3E%20e_21%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0An_17%20-%3E%20n_18%20%5Bweight=3%5D;%0Alabel%20=%20%22Compute%20neigh%20table%22;%0A%7D%0An_20%20%5Blabel=%22ComputeCellAABB%22%5D;%0Ae_11%20-%3E%20n_20%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_12%20-%3E%20n_20%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_12%20%5Blabel=%22block_min%22,shape=rect,%20style=filled%5D;%0Ae_13%20-%3E%20n_20%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_13%20%5Blabel=%22block_max%22,shape=rect,%20style=filled%5D;%0An_20%20-%3E%20e_22%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0An_20%20-%3E%20e_23%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_23%20%5Blabel=%22cell0block_aabb_lower%22,shape=rect,%20style=filled%5D;%0Asubgraph%20cluster_22%20%7B%0An_21%20%5Blabel=%22ConsToPrimGas%22%5D;%0Ae_11%20-%3E%20n_21%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_14%20-%3E%20n_21%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_14%20%5Blabel=%22rho%22,shape=rect,%20style=filled%5D;%0Ae_15%20-%3E%20n_21%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_15%20%5Blabel=%22rhovel%22,shape=rect,%20style=filled%5D;%0Ae_16%20-%3E%20n_21%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_16%20%5Blabel=%22rhoetot%22,shape=rect,%20style=filled%5D;%0An_21%20-%3E%20e_17%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_17%20%5Blabel=%22vel%22,shape=rect,%20style=filled%5D;%0An_21%20-%3E%20e_18%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_18%20%5Blabel=%22P%22,shape=rect,%20style=filled%5D;%0Alabel%20=%20%22Cons%20to%20Prim%22;%0A%7D%0Asubgraph%20cluster_26%20%7B%0An_23%20%5Blabel=%22SlopeLimitedScalarGradient%22%5D;%0Ae_11%20-%3E%20n_23%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_21%20-%3E%20n_23%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_22%20-%3E%20n_23%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0Ae_14%20-%3E%20n_23%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_14%20%5Blabel=%22rho%22,shape=rect,%20style=filled%5D;%0An_23%20-%3E%20e_24%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_24%20%5Blabel=%22grad_rho%22,shape=rect,%20style=filled%5D;%0An_24%20%5Blabel=%22SlopeLimitedVectorGradient%22%5D;%0Ae_11%20-%3E%20n_24%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_21%20-%3E%20n_24%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_22%20-%3E%20n_24%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0Ae_17%20-%3E%20n_24%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_17%20%5Blabel=%22vel%22,shape=rect,%20style=filled%5D;%0An_24%20-%3E%20e_25%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_25%20%5Blabel=%22dx_v%22,shape=rect,%20style=filled%5D;%0An_24%20-%3E%20e_26%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_26%20%5Blabel=%22dy_v%22,shape=rect,%20style=filled%5D;%0An_24%20-%3E%20e_27%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_27%20%5Blabel=%22dz_v%22,shape=rect,%20style=filled%5D;%0An_25%20%5Blabel=%22SlopeLimitedScalarGradient%22%5D;%0Ae_11%20-%3E%20n_25%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_11%20%5Blabel=%22block_count_with_ghost%22,shape=rect,%20style=filled%5D;%0Ae_21%20-%3E%20n_25%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_22%20-%3E%20n_25%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0Ae_18%20-%3E%20n_25%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_18%20%5Blabel=%22P%22,shape=rect,%20style=filled%5D;%0An_25%20-%3E%20e_28%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_28%20%5Blabel=%22grad_P%22,shape=rect,%20style=filled%5D;%0An_23%20-%3E%20n_24%20%5Bweight=3%5D;%0An_24%20-%3E%20n_25%20%5Bweight=3%5D;%0Alabel%20=%20%22Slope%20limited%20gradients%22;%0A%7D%0Asubgraph%20cluster_30%20%7B%0An_27%20%5Blabel=%22InterpolateRhoToFaceRho%22%5D;%0Ae_47%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_47%20%5Blabel=%22dt_half%22,shape=rect,%20style=filled%5D;%0Ae_21%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_22%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0Ae_23%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_23%20%5Blabel=%22cell0block_aabb_lower%22,shape=rect,%20style=filled%5D;%0Ae_14%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_14%20%5Blabel=%22rho%22,shape=rect,%20style=filled%5D;%0Ae_24%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_24%20%5Blabel=%22grad_rho%22,shape=rect,%20style=filled%5D;%0Ae_17%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_17%20%5Blabel=%22vel%22,shape=rect,%20style=filled%5D;%0Ae_25%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_25%20%5Blabel=%22dx_v%22,shape=rect,%20style=filled%5D;%0Ae_26%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_26%20%5Blabel=%22dy_v%22,shape=rect,%20style=filled%5D;%0Ae_27%20-%3E%20n_27%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_27%20%5Blabel=%22dz_v%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20e_29%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_29%20%5Blabel=%22rho_face_xp%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20e_30%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_30%20%5Blabel=%22rho_face_xm%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20e_31%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_31%20%5Blabel=%22rho_face_yp%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20e_32%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_32%20%5Blabel=%22rho_face_ym%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20e_33%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_33%20%5Blabel=%22rho_face_zp%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20e_34%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_34%20%5Blabel=%22rho_face_zm%22,shape=rect,%20style=filled%5D;%0An_28%20%5Blabel=%22InterpolateVelToFaceVel%22%5D;%0Ae_47%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_47%20%5Blabel=%22dt_half%22,shape=rect,%20style=filled%5D;%0Ae_21%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_22%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0Ae_23%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_23%20%5Blabel=%22cell0block_aabb_lower%22,shape=rect,%20style=filled%5D;%0Ae_14%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_14%20%5Blabel=%22rho%22,shape=rect,%20style=filled%5D;%0Ae_28%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_28%20%5Blabel=%22grad_P%22,shape=rect,%20style=filled%5D;%0Ae_17%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_17%20%5Blabel=%22vel%22,shape=rect,%20style=filled%5D;%0Ae_25%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_25%20%5Blabel=%22dx_v%22,shape=rect,%20style=filled%5D;%0Ae_26%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_26%20%5Blabel=%22dy_v%22,shape=rect,%20style=filled%5D;%0Ae_27%20-%3E%20n_28%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_27%20%5Blabel=%22dz_v%22,shape=rect,%20style=filled%5D;%0An_28%20-%3E%20e_35%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_35%20%5Blabel=%22vel_face_xp%22,shape=rect,%20style=filled%5D;%0An_28%20-%3E%20e_36%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_36%20%5Blabel=%22vel_face_xm%22,shape=rect,%20style=filled%5D;%0An_28%20-%3E%20e_37%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_37%20%5Blabel=%22vel_face_yp%22,shape=rect,%20style=filled%5D;%0An_28%20-%3E%20e_38%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_38%20%5Blabel=%22vel_face_ym%22,shape=rect,%20style=filled%5D;%0An_28%20-%3E%20e_39%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_39%20%5Blabel=%22vel_face_zp%22,shape=rect,%20style=filled%5D;%0An_28%20-%3E%20e_40%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_40%20%5Blabel=%22vel_face_zm%22,shape=rect,%20style=filled%5D;%0An_29%20%5Blabel=%22InterpolatePressToFacePress%22%5D;%0Ae_47%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_47%20%5Blabel=%22dt_half%22,shape=rect,%20style=filled%5D;%0Ae_21%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_22%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_22%20%5Blabel=%22block_cell_sizes%22,shape=rect,%20style=filled%5D;%0Ae_23%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_23%20%5Blabel=%22cell0block_aabb_lower%22,shape=rect,%20style=filled%5D;%0Ae_18%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_18%20%5Blabel=%22P%22,shape=rect,%20style=filled%5D;%0Ae_28%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_28%20%5Blabel=%22grad_P%22,shape=rect,%20style=filled%5D;%0Ae_17%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_17%20%5Blabel=%22vel%22,shape=rect,%20style=filled%5D;%0Ae_25%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_25%20%5Blabel=%22dx_v%22,shape=rect,%20style=filled%5D;%0Ae_26%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_26%20%5Blabel=%22dy_v%22,shape=rect,%20style=filled%5D;%0Ae_27%20-%3E%20n_29%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_27%20%5Blabel=%22dz_v%22,shape=rect,%20style=filled%5D;%0An_29%20-%3E%20e_41%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_41%20%5Blabel=%22press_face_xp%22,shape=rect,%20style=filled%5D;%0An_29%20-%3E%20e_42%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_42%20%5Blabel=%22press_face_xm%22,shape=rect,%20style=filled%5D;%0An_29%20-%3E%20e_43%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_43%20%5Blabel=%22press_face_yp%22,shape=rect,%20style=filled%5D;%0An_29%20-%3E%20e_44%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_44%20%5Blabel=%22press_face_ym%22,shape=rect,%20style=filled%5D;%0An_29%20-%3E%20e_45%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_45%20%5Blabel=%22press_face_zp%22,shape=rect,%20style=filled%5D;%0An_29%20-%3E%20e_46%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_46%20%5Blabel=%22press_face_zm%22,shape=rect,%20style=filled%5D;%0An_27%20-%3E%20n_28%20%5Bweight=3%5D;%0An_28%20-%3E%20n_29%20%5Bweight=3%5D;%0Alabel%20=%20%22Interpolate%20to%20face%22;%0A%7D%0Asubgraph%20cluster_38%20%7B%0Asubgraph%20cluster_37%20%7B%0An_31%20%5Blabel=%22NodeComputeFluxGasDirMode%22%5D;%0Ae_21%20-%3E%20n_31%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_30%20-%3E%20n_31%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_30%20%5Blabel=%22rho_face_xm%22,shape=rect,%20style=filled%5D;%0Ae_36%20-%3E%20n_31%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_36%20%5Blabel=%22vel_face_xm%22,shape=rect,%20style=filled%5D;%0Ae_42%20-%3E%20n_31%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_42%20%5Blabel=%22press_face_xm%22,shape=rect,%20style=filled%5D;%0An_31%20-%3E%20e_48%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_48%20%5Blabel=%22flux_rho_face_xm%22,shape=rect,%20style=filled%5D;%0An_31%20-%3E%20e_54%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_54%20%5Blabel=%22flux_rhov_face_xm%22,shape=rect,%20style=filled%5D;%0An_31%20-%3E%20e_60%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_60%20%5Blabel=%22flux_rhoe_face_xm%22,shape=rect,%20style=filled%5D;%0An_32%20%5Blabel=%22NodeComputeFluxGasDirMode%22%5D;%0Ae_21%20-%3E%20n_32%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_29%20-%3E%20n_32%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_29%20%5Blabel=%22rho_face_xp%22,shape=rect,%20style=filled%5D;%0Ae_35%20-%3E%20n_32%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_35%20%5Blabel=%22vel_face_xp%22,shape=rect,%20style=filled%5D;%0Ae_41%20-%3E%20n_32%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_41%20%5Blabel=%22press_face_xp%22,shape=rect,%20style=filled%5D;%0An_32%20-%3E%20e_49%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_49%20%5Blabel=%22flux_rho_face_xp%22,shape=rect,%20style=filled%5D;%0An_32%20-%3E%20e_55%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_55%20%5Blabel=%22flux_rhov_face_xp%22,shape=rect,%20style=filled%5D;%0An_32%20-%3E%20e_61%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_61%20%5Blabel=%22flux_rhoe_face_xp%22,shape=rect,%20style=filled%5D;%0An_33%20%5Blabel=%22NodeComputeFluxGasDirMode%22%5D;%0Ae_21%20-%3E%20n_33%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_32%20-%3E%20n_33%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_32%20%5Blabel=%22rho_face_ym%22,shape=rect,%20style=filled%5D;%0Ae_38%20-%3E%20n_33%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_38%20%5Blabel=%22vel_face_ym%22,shape=rect,%20style=filled%5D;%0Ae_44%20-%3E%20n_33%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_44%20%5Blabel=%22press_face_ym%22,shape=rect,%20style=filled%5D;%0An_33%20-%3E%20e_50%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_50%20%5Blabel=%22flux_rho_face_ym%22,shape=rect,%20style=filled%5D;%0An_33%20-%3E%20e_56%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_56%20%5Blabel=%22flux_rhov_face_ym%22,shape=rect,%20style=filled%5D;%0An_33%20-%3E%20e_62%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_62%20%5Blabel=%22flux_rhoe_face_ym%22,shape=rect,%20style=filled%5D;%0An_34%20%5Blabel=%22NodeComputeFluxGasDirMode%22%5D;%0Ae_21%20-%3E%20n_34%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_31%20-%3E%20n_34%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_31%20%5Blabel=%22rho_face_yp%22,shape=rect,%20style=filled%5D;%0Ae_37%20-%3E%20n_34%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_37%20%5Blabel=%22vel_face_yp%22,shape=rect,%20style=filled%5D;%0Ae_43%20-%3E%20n_34%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_43%20%5Blabel=%22press_face_yp%22,shape=rect,%20style=filled%5D;%0An_34%20-%3E%20e_51%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_51%20%5Blabel=%22flux_rho_face_yp%22,shape=rect,%20style=filled%5D;%0An_34%20-%3E%20e_57%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_57%20%5Blabel=%22flux_rhov_face_yp%22,shape=rect,%20style=filled%5D;%0An_34%20-%3E%20e_63%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_63%20%5Blabel=%22flux_rhoe_face_yp%22,shape=rect,%20style=filled%5D;%0An_35%20%5Blabel=%22NodeComputeFluxGasDirMode%22%5D;%0Ae_21%20-%3E%20n_35%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_34%20-%3E%20n_35%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_34%20%5Blabel=%22rho_face_zm%22,shape=rect,%20style=filled%5D;%0Ae_40%20-%3E%20n_35%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_40%20%5Blabel=%22vel_face_zm%22,shape=rect,%20style=filled%5D;%0Ae_46%20-%3E%20n_35%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_46%20%5Blabel=%22press_face_zm%22,shape=rect,%20style=filled%5D;%0An_35%20-%3E%20e_52%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_52%20%5Blabel=%22flux_rho_face_zm%22,shape=rect,%20style=filled%5D;%0An_35%20-%3E%20e_58%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_58%20%5Blabel=%22flux_rhov_face_zm%22,shape=rect,%20style=filled%5D;%0An_35%20-%3E%20e_64%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_64%20%5Blabel=%22flux_rhoe_face_zm%22,shape=rect,%20style=filled%5D;%0An_36%20%5Blabel=%22NodeComputeFluxGasDirMode%22%5D;%0Ae_21%20-%3E%20n_36%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_21%20%5Blabel=%22cell_graph_edge%22,shape=rect,%20style=filled%5D;%0Ae_33%20-%3E%20n_36%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_33%20%5Blabel=%22rho_face_zp%22,shape=rect,%20style=filled%5D;%0Ae_39%20-%3E%20n_36%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_39%20%5Blabel=%22vel_face_zp%22,shape=rect,%20style=filled%5D;%0Ae_45%20-%3E%20n_36%20%5Bstyle=%22dashed%22,%20color=green%5D;%0Ae_45%20%5Blabel=%22press_face_zp%22,shape=rect,%20style=filled%5D;%0An_36%20-%3E%20e_53%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_53%20%5Blabel=%22flux_rho_face_zp%22,shape=rect,%20style=filled%5D;%0An_36%20-%3E%20e_59%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_59%20%5Blabel=%22flux_rhov_face_zp%22,shape=rect,%20style=filled%5D;%0An_36%20-%3E%20e_65%20%5Bstyle=%22dashed%22,%20color=red%5D;%0Ae_65%20%5Blabel=%22flux_rhoe_face_zp%22,shape=rect,%20style=filled%5D;%0An_31%20-%3E%20n_32%20%5Bweight=3%5D;%0An_32%20-%3E%20n_33%20%5Bweight=3%5D;%0An_33%20-%3E%20n_34%20%5Bweight=3%5D;%0An_34%20-%3E%20n_35%20%5Bweight=3%5D;%0An_35%20-%3E%20n_36%20%5Bweight=3%5D;%0Alabel%20=%20%22Gas%20flux%20compute%22;%0A%7D%0Alabel%20=%20%22Compute%20fluxes%22;%0A%7D%0An_0%20-%3E%20n_1%20%5Bweight=3%5D;%0An_1%20-%3E%20n_2%20%5Bweight=3%5D;%0An_2%20-%3E%20n_3%20%5Bweight=3%5D;%0An_7%20-%3E%20n_9%20%5Bweight=3%5D;%0An_9%20-%3E%20n_10%20%5Bweight=3%5D;%0An_10%20-%3E%20n_11%20%5Bweight=3%5D;%0An_11%20-%3E%20n_12%20%5Bweight=3%5D;%0An_12%20-%3E%20n_13%20%5Bweight=3%5D;%0An_13%20-%3E%20n_14%20%5Bweight=3%5D;%0An_14%20-%3E%20n_15%20%5Bweight=3%5D;%0An_15%20-%3E%20n_16%20%5Bweight=3%5D;%0An_16%20-%3E%20n_17%20%5Bweight=3%5D;%0An_18%20-%3E%20n_20%20%5Bweight=3%5D;%0An_20%20-%3E%20n_21%20%5Bweight=3%5D;%0An_21%20-%3E%20n_23%20%5Bweight=3%5D;%0An_25%20-%3E%20n_27%20%5Bweight=3%5D;%0An_29%20-%3E%20n_31%20%5Bweight=3%5D;%0Alabel%20=%20%22Solver%22;%0A%7D%0A%0A%7D
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• Want to leverage concurent kernel execution. 
• Imposible to track all data flows (depends on enabled physics & choice of solvers) 
→ No explicit scheduling → out-of-order queue. 

• Avoid user error in scheduling → implicit scheduling → sycl::buffer

Out-of-order queues & sycl::buffer
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Kernels are submitted for each patches on each GPUs  
using out-of-order queue ( 1 DAG per patch)≃

Patch = part of the simulation domain

Out-of-order queues & sycl::buffer
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Intel/llvm CUDA

Heavy use of out-of-order 👌

Profiling of a small section of the graph :

Out-of-order queues & sycl::buffer



25Native API usage

1 Shamrock per GPU tile. 
MPI communications can bypass the CPUs (direct GPU)



26Native API usage

Need extra copy since MPI wants a USM pointer for DirectGPU.



27Algorithms

Algorithms libs are very fragmented in SYCL

 Custom implementation for each algorithm⇒

Can switch implementations at runtime using Shamrock API calls in Python



28sycl::vec

3D physics  3D math  sycl::vec⇒ ⇒

Good enough & simple usage for users
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Migrating away from sycl::buffer to USM



30Why ?

• Want to stick to SYCL-2020 API (no extensions for buffer-USM interop) 
• Interop with native APIs, especially MPI. 
• Allow for more memory manipulations (e.g. reusing, fragmenting, ...) 
• Buffers + memcpy do not allow partial memory copies (sub-buffers unsupported). 
• Can use __restrict 
• Lower submission latency (see Gromacs) 
• Avoid performance regression due to sycl::accessor overhead



31Example on a simple kernel

Basic GPU kernel (b = 2*a)



32Example on a simple kernel

Basic GPU kernel (b = 2*a)

• sycl::buffer → sham::DeviceBuffer
• sycl::accessor → USM pointers



33Example on a simple kernel
In an ideal world …



34Example on a simple kernel

In an ideal world …

⚠ No way of getting the resulting event inside a .submit(...). 
→ Must move the accesses out of the .submit(...)



35Example on a simple kernel
→ Must move the accesses out of the .submit(...)



36Example on a simple kernel
→ Must move the accesses out of the .submit(...)

• .complete_event_state(...) throw if no prior access. 
• EventList destructor raise an error if not consumed.



37Example on a simple kernel
→ Wrap it !

Very few changes to migrate: 
• Add a sham::EventList 
• Move accesses out of the .submit(...) 
• Use a sham::DeviceBuffer instead of a sycl::buffer 
• Use a sham::DeviceQueue instead of a sycl::queue



38With KHR_FREE_FUNCTION_COMMANDS

We will use it as soon as we can !



39Example on a simple kernel

→ Wrap it (even more) !



40Impact on performance
Still ongoing  hard to isolate⇒

Impact on the Radix Tree (BVH + compressed leaves):

Gains (5%) = lower latency + small performance gains in kernels
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Migrating away from sycl::buffer to USM

• Need to use wrappers to ease the migration. 
• Hard to do a 1:1 wrapper since no access to the .submit(...) event. 
• Performance gains  5% in our case.≃

We can work to release it if anyone is interested



42Could everything be async ?

Currently forced synchronizations :

• Allocations (no sycl::malloc_device_async / free_async) 
• No MPI integration in SYCL DAG 
• No sycl::future to recover async data from GPU (e.g. memcpy + alloc)

Almost everything is Shamrock is async, except for …
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• Out-of-order sycl::queue 
• sycl::buffer (migrated to USM, +5% perf) 
• sycl::vec 
• SYCL implementation used through CMAKE_CXX_COMPILER 
• Wish for more async capabilities in SYCL

Our             usage
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Thanks !

If you wait longer … + more resolution 
                   Y. Lapeyre in prep 


