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Abstract. We describe a software library for dynamic load balancing
of finite element codes. The application code has to provide the current
distributed mesh and information on the calculation and communication
requirements, and receives from the library all necessary information to
re-allocate the application data. The library computes a new partition-
ing, either via direct mesh migration or via parallel graph re-partitioning,
by interfacing to the ParMetis or Jostle package. We describe the func-
tionality of the DRAMA library and we present some results.

1 Introduction

The aim of the Esprit project DRAMA, Dynamic Re-Allocation of Meshes for
parallel finite element Applications, is to develop a library with dynamic mesh
re-partitioning algorithms for parallel unstructured finite element applications
with changing work load and communication requirements. Although the aim is
to develop a general purpose library, emphasis lies on two industrially relevant
application codes, i.e., PAM-CRASH/PAM-STAMP and FORGE3. FORGE3
applies rather frequently refinement/de-refinement techniques together with 3D
re-meshing. PAM-CRASH has varying calculation and communication costs due
to (dynamically changing) contacts between different parts of the mesh. PAM-
STAMP uses adaptive (de-)refinement techniques without re-meshing.

2 Mesh Re-partitioning Methods

Compared to (static) mesh partitioning, which is typically performed as a pre-
processing phase, (dynamic) mesh re-partitioning strategies must satisfy the fol-
lowing additional requirements: it must be fast and parallel, take the current
partitioning into account, and interact with the application program. The input
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from the application program consists of the current distributed mesh, calcula-
tion and communication cost parameters and timings [2]. Based on the output
of the mesh re-partitioner, i.e., the newly computed partitioning and the rela-
tion to the old partitioning, the application must decide whether the gain of the
re-distribution will outweigh the cost of the data migration and if so, migrate
the application data according to the new partitioning.

The DRAMA library contains two types of mesh re-partitioning techniques:
a) mesh-migration in combination with a parallel re-meshing technique [3]
b) global mesh re-partitioning by parallel re-partitioning a suitable graph repre-
sentation using a multilevel algorithm, by calling existing libraries, i.e., ParMetis
[4] and Jostle [5].

Further, DRAMA also contains a simple geometric partitioner. In this paper
we only discuss the DRAMA mesh re-partitioning via graph re-partitioning.

3 DRAMA Cost Function and Its Graph Representation

The DRAMA cost function [1] models the execution time of parallel finite el-
ement calculations, taking into account changing work load and communica-
tion requirements and heterogeneous machine architectures. Full details of the
DRAMA cost model are described in [1]. Here we only mention that the cost
function takes into account that part of the operations within an FEM-code
is performed element-wise, e.g., the assembly phase, while other operations are
node-based, e.g., solving linear systems. Further, even when the calculations
are done element-wise, communication is frequently carried out using node lists.
Therefore, the computational cost consists of element-based and node-based con-
tributions, while the communication cost can consist of element-element, node-
node, and element-node based contributions.

In order to call one of the graph re-partitioning libraries (ParMetis, Jostle)
a (distributed) weighted graph representation of the mesh and the calculation
and communication requirements must be constructed. Graph vertex weights
correspond to calculation costs and edge weights correspond to potential com-
munication costs. Within the DRAMA library, the user can choose between an
element-based graph (dual graph), a nodal-based graph or a combined element-
node graph. In the first case, only element-based calculation and communication
costs are represented. In the second case, only node-based calculation and com-
munication costs are represented. Hence, by selecting a specific graph, the user
chooses how accurately the various costs of the application are represented.

The output of graph partitioners like ParMetis and Jostle is just an array
indicating for each graph vertex to which processor/partition it should be mi-
grated to. Note that when the dual graph is partitioned, the output of the graph
partitioner only gives a new distribution for the elements of the mesh, and a new
distribution for the nodes still has to be determined.

Before the application program can perform the actual data migration, rela-
tions between the old and the new partitioning of the mesh, and a new numbering
of elements and nodes must be determined. These tasks are performed within
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the DRAMA library and the new mesh distribution together with the relations
between the old and the new mesh are given back to the application program.
The latter relations are necessary because the DRAMA library migrates only the
mesh description [2]. The application data (temperature, velocity, etc.) associ-
ated with the mesh have to be migrated to their new location by the application
code, since the DRAMA library has no knowledge about the data structures
used in the application.

4 Results

We present some results obtained with the graph based mesh repartitioning
methods in DRAMA. As a first test to evaluate the DRAMA library we use a
typical mesh for the FORGE3 application code, consisting of 231846 tetrahedral
elements and 49666 nodes. This mesh is partitioned into 4 heavily unbalanced
subdomains: about half of the mesh resides on one processor.

Each time step of FORGE3 consists of a varying number of iterations of an
implicit iterative solver (on average about 2000). The implicit solver consists
of both element-based and node-based operations. The element-based costs are
associated with the construction of the matrix, which can be neglected compared
to the nodal-based costs, associated with the iterative solution procedure.

The dual and nodal graph representations were passed to ParMetis and Jos-
tle. Allowed load imbalances for ParMetis were 1%, 2%, and 5% imbalance.
Jostle has been called with local and global matching options. The element-
node partitioning is completed based on the graph re-partitioner results. The
re-partitioning results are reported in Table 1.

Before and after re-partitioning, we have computed the predicted execution
time for one iteration of the implicit solver by evaluating the DRAMA cost
function F c = maxi=0...p−1 F c

i , where F c
i represents all calculation and com-

munication costs associated with processor i (also those costs which are not
represented in the graph). Also the averagei=0...p−1F

c
i and the load imbalance

λ = maximumi=0...p−1(F
c
i )

averagei=0...p−1(F
c
i ) are presented, together with the number of elements

and nodes moved and the re-partitioning time on the NEC Cenju-4 (using 4
processors). The re-partitioning time is the time needed by the DRAMA library.
The fraction of the re-partitioning time used by ParMetis depends on the graph
representation: 25% when using the nodal graph and 40% when using the dual
graph. Jostle is slower than ParMetis but its resulting partitioning is slightly
better. Re-allocation costs are not considered here.

The results show that excellent re-partitioning is obtained (within the allowed
imbalance tolerance), for both the nodal and the dual graph, despite the fact
that some calculation costs and the communication latency are neglected in the
graph representations. The nodal graph clearly leads to a good solution in less
time and with less memory usage. Further, the re-partitioning time (≈ 4.3s)
is reasonable compared to the time between two calls to the DRAMA library.
Indeed, one integration time step (≈ 2000 iterations of implicit solver) requires
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Table 1. Overview of results

dual graph

ParMetis Jostle
initial after (1%) after (2%) after (5%) local global

F c = max F c
i 4.886e-02 2.861e-02 2.821e-02 2.822e-02 2.795e-02 2.790e-02

average F c
i 2.686e-02 2.795e-02 2.748e-02 2.737e-02 2.689e-02 2.657e-02

imbalance λ 81.92% 2.33% 2.64% 3.12% 3.97% 4.99%
elements moved - 60037 56725 52331 118573 101891
nodes moved - 11961 11276 10397 24913 21515
re-partitioning time - 10.92 10.76 10.74 16.90 16.99
memory used 40MB required for largest domain

nodal graph

ParMetis Jostle
initial after (1%) after (2%) after (5%) local global

F c = max F c
i 4.886e-02 2.836e-02 2.821e-02 2.877e-02 2.696e-02 2.693e-02

average F c
i 2.686e-02 2.792e-02 2.757e-02 2.755e-02 2.690e-02 2.684e-02

imbalance λ 81.92% 1.57% 2.32% 4.44% 0.25% 0.31%
elements moved - 57335 56869 54910 98553 99052
nodes moved - 11236 11157 10717 20874 20981
re-partitioning time - 4.32 4.34 4.34 6.35 6.18
memory used 25MB required for largest domain

about 56 seconds and re-partitioning is typically done every 10 to 20 time steps.
Hence, the predicted execution times based on the DRAMA cost function are:
with unbalanced mesh: time = 20 · 2000 · 4.886 · 10−2 = 1954.4 s
with balanced mesh by re-partitioning the nodal graph every 20 time steps by
calling ParMetis: time = 20 · 2000 · 2.821 · 10−2 + 4.34 = 1132.7 s
calling PJostle: time = 20 · 2000 · 2.693 · 10−2 + 6.18 = 1083.4 s
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