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p4est: PARALLEL AMR ON FORESTS OF OCTREES
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Fig. 1. One-to-one correspondence between a forest of octrees (left) and a geometric domain
partitioned into elements (right), shown for a 2D example with two octrees k0 and k1 . The leaves of
the octrees bijectively correspond to elements that cover the domain with neither holes nor overlaps.
A left-to-right traversal of the leaves through all octrees creates a space-filling z-curve (black “zigC. BURSTEDDE,
C. WILCOX,
ANDtheO.z-curve
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zag” line) that imposes a total ordering
of all octants in theL.domain.
For each octree
follows the orientation of its coordinate axes. In this example the forest is partitioned among three
processes p0 , p1 , and p2 by using the uniform partitioning rule (2.5). This partition divides the
space-filling curve and thus the geometric domain into three process segments of equal ( ±1) octant
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2D connectivity (29,035 trees)
3D connectivity (51,823 trees)
Ideal scaling

Seconds

Coarsen Replace families of eight child octants by their common parent octant, once
or recursively.
Partition Redistribute the octants in parallel, according to a given target number10
of octants for each process, or weights prescribed for all octants.
Balance Ensure at most 2:1 size relations between neighboring octants by local refinement where necessary.
Ghost Collect one layer of off-process octants touching the process boundaries from 1
the outside.
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Nodes Create a globally unique numbering of the mesh nodes (i.e., the vertices at the 16 32 64 Number
of CPU cores
corners of octants, not to be confused with octree nodes), taking into account
the classification into “independent” and “hanging” nodes.
Fig. 9. Complex 2D and 3D connectivities. The left picture shows a zoom around the front
Checksum Compute a partition-independent integer “fingerprint” of a forest.
tip of an airfoil with boundary-layer adaptation; this connectivity consists of 29,035 quadtrees. The
The New, Refine, and Coarsen algorithms are process-local and do not require comconnectivity in the middle consists of 51,823 octrees. The diagram on the right shows “strong”
munication.
The Partition algorithm consists of an Allgather operation on a small
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scaling of Balance on Ranger, resulting in 342 million quadrants for two dimensions and 264

Do you have an interest in ...

•
•

Data structures, data management

•

Software design and interfacing with
various packages

•

Setting up benchmark problems for code
comparison

•
•

GPU computing

Parallel computing, load balancing,
efficiency issues

Numerical methods
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