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BoxLevel 2 —» Cascade partitioner for balancing halves
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Designed to be challenging for dynamic adaptivity:
low computation; high regrid frequency
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Objective: Generate non-overlapping boxes covering all tags. Sinusoidal wavy walls in linear * Spherical shock wave; Inviscid 10° 10° 10% 10° 10* 10° 10° b ~ || |z Apportion Work

Strategy: Overlay tile mesh. Pick tiles that contain any tag. Find advection hydrodynamics. number of cores 100 107 10° 10° 10° 10° 10’
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oroximity using bridge and modify operations [1]. Mesh size |?creases by domain tiling Fixed globag mesh size
* 22.2x10° cell/core for 3 levels * 8.41x10° global cells at 4-levels

Opposing needs: * 195x10° cell/core for 4 levels * Refinement ratio = 4. Tile size= 8x8x8.
* Reduce overhead - big tiles * 1.64x10° cell/core for 5 levels 5 unknowns/cell -
Reduce untagged cells - small tiles Refinement ratio = 3. Tile size = 9x9x9. Forward Euler time stepping Summary and Conclusion

* Improve data locality — big tiles 1 unknown/cell Regrid interval = 8 time steps * Clustering and partitioning algorithms were the two final components of scalable AMR.

Solution: Forw_arq Euler time _stepping * Clustering algorithm significantly reduced metadata overhead without incurring
. . . Regrid interval = 9 time steps
* Use small tiles, but coalesce into big

m excessive refinement.
Clusters. ) * Partitioning algorithm limited imbalance to 10%.

* Benchmarks averaged up to 38 tiles/box. % * Both new algorithms scaled well individually and contributed to overall benchmark
N scaling.
\

LR * Weak and strong scaling benchmarks showed scalability to 1M+ cores.

Coalesced tiles: » Our benchmarks were designed to be challenging. Applications with more
(color = owner) computation and/or less regridding would scale even better.

[1] Brian T. N. Gunney. Scalable Mesh Management for Patch-based AMR. In
NECDC 2012 Proceedings, October 2012.

Total Clustering
Increase Width

Local Clustering
Coalesce

Coalesce Adjustment

sec/cell update

sec/cell update

Tile Clustering Algorithm

i L S
(8 e S
=SS (- -3

Tags (dots), tiles (red)
and new boxes (blue)

LLNL-POST-674467

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.



