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Fig. 11. Mantle convection with yielding. Top: Temperature isosurfaces at T = 0.3 (cyan), T = 0.8 (orange). Bottom left: Horizontal slice of
temperature showing that grid refinement follows the temperature gradient. Bottom center: Vertical slice of temperature showing the downwelling
slab and the yielding zone. Bottom right: A zoom-in of the yielding zone, where the finest grid of ⇠ 1.5 km resolution covers the region of
highest stress.

VII. EXTENSIONS

In this section we discuss extensions of the hexahedral
finite element, Cartesian octree-based AMR algorithms
and data structures in ALPS, which were described in
Section IV, to high-order spectral element discretizations
and to general geometries via a forest-of-octrees decom-
position. Whenever a domain can be decomposed into
non-overlapping subdomains that are mappable to cubes
(as is the case for spherical shell geometries that describe
the mantle), we can treat each of the cubes as the root
of an adaptive octree, thus creating a forest of (oc)trees.
Due to the topological relations between these trees,
their connecting faces involve transformations between
the coordinate systems of each of the neighboring trees.
A general-purpose adaptive code that implements this
philosophy is deal.II [27]. That code, however, replicates
the global mesh structure on each processor, which limits
the scalability to a few hundred processors.

We have created the P4EST library, which implements

a forest of arbitrarily connected parallel adaptive octrees.
P4EST extends the z�order technique for parallel single
octrees described in Section IV and in [15], [16], [26],
[33] by a connectivity structure that defines the topo-
logical relations between neighboring octrees. As in the
single-octree case, each core stores only the elements it
owns, minimizing global information. The main issue is
to enforce the 2:1 balance condition across faces, edges
and corners, not only inside an octree but also between
connected trees. This is complicated by the arbitrary
number of trees that can share any particular edge or
corner, each existing in a different coordinate system.
We have scaled P4EST up to 32,768 cores and will report
performance results elsewhere.

Exploiting the geometric flexibility of P4EST, we
have built MANGLL, a high-order nodal discontinuous
Galerkin (DG) discretization library for hexahedral ele-
ments, on top of the octree data structure. The imple-
mentation is an extension of Hesthaven and Warburton’s
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Many parallel applications need dynamic load balancing during the course of their execution because of dynamic variation in the computational load. An ideal load balancer is one that can achieve 
perfect load balance, while doing minimal data migration (i.e. is communication minimizing), is highly scalable to large number of processors and does not have large memory footprint. None of the 
existing load balancing algorithms - centralized, hybrid, and distributed algorithms – satisfy the criterion of an ideal load balancer. We propose a novel tree-based fully distributed algorithm that is 
an ideal load balancing algorithm when the work units are homogeneous. We evaluate its performance on Mira and Blue Waters and compare it with several existing load balancing strategies.	
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