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I. Context of our work

Graph partitioning is an ubiquitous technique
which has applications in many fields of computer sci-
ence and engineering. It is mostly used to help solving
domain-dependent optimization problems modeled in
terms of weighted or unweighted graphs, where find-
ing good solutions amounts to computing, eventually
recursively in a divide-and-conquer framework, small
vertex or edge cuts that balance evenly the weights of
the graph parts.

Because there always exists large problem graphs
which cannot fit in the memory of sequential com-
puters and cost too much to partition, parallel graph
partitioning tools have been developed. PT-Scotch

is another attempt to provide a simple and efficient
library for parallel graph partitioning and ordering.

Previous work from our team resulted in the design
of several efficient parallel algorithms for the parallel
ordering of distributed graphs by nested dissection [1].
These building blocks comprise a parallel multi-level
framework taking advantage both of a probabilistic
matching algorithm [2], [3] as well as of a banded
diffusive refinement algorithm [4] to smooth the com-
puted partitions during its uncoarsening phase. Then,
the recursive vertex separation process used to com-
pute nested dissection orderings has been adapted to
edge bipartitioning, enabling the parallel computa-
tion of k-way graph partitions by means of recursive
weighted bipartitioning [5].

II. Limitations of recursive bipartitioning

The parallel computation of graph partitions by
means of recursive bipartitioning has been made avail-
able since release 5.1 of the PT-Scotch software
package [6]. Its current revision, 5.1.6, provides par-
titions of good quality irrespective of the number of

processes, while competing software ParMeTiS [7]
can suffer a loss in partition quality (increased cut
size) when the number of processes increases (see
Fig. 1).
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Fig. 1. Cut sizes of PT-Scotch (PTS, left) and
ParMeTiS (PM, right) for graphs 10millions and
cage15.

On most of our experiments, the partitions com-
puted by PT-Scotch compare favorably to the ones
produced by ParMeTiS. For instance, this gain can
be as high as 20 % when bipartitioning, on 384 proces-
sors, a mesh graph of more than 82 million vertices.

However, our current recursive bipartitioning
scheme has some major drawbacks. While PT-

Scotch can be more than three times faster than
ParMeTiS in the bipartitioning case, such as for
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the aforementioned mesh graph, when the number of
parts increases, its execution time suffers a penalty
factor which tends to a constant proportional to the
inverse of the coarsening ratio [5], as can be seen in
Fig. 2. Also, its scalability in time, which is excellent
up to 128 processes, suffers from the amount of data
to exchange so as to fold the separated subgraphs onto
half of the processes at each stage of the recursive bi-
partitioning process.

 10

 100

 1000

2 4 8 16 32 64 128 192 256 384

R
u

n
 t

im
e
 (

in
 s

e
c
.)

Processors

10millions

k=2
k=4
k=8
k=16

k=32
k=64
k=128
k=256

k=512
k=1024
k=2048

 10

 100

 1000

2 4 8 16 32 64 128 192 256 384

R
u

n
 t

im
e
 (

in
 s

e
c
.)

Processors

23millions

 10

 100

 1000

2 4 8 16 32 64 128 192 256 384

R
u

n
 t

im
e
 (

in
 s

e
c
.)

Processors

45millions

 10

 100

 1000

2 4 8 16 32 64 128 192 256 384

R
u

n
 t

im
e
 (

in
 s

e
c
.)

Processors

82millions

Fig. 2. Execution times of PT-Scotch for graphs 10mil-

lions, 23millions, 45millions and 82millions.

Finally, recursive bipartitioning may eventually re-
sult in poorer partition quality, due to the greedy
nature of the algorithm, compared to direct k-way
partitioning [8]. In [5], we evidenced that, for the test
graphs we considered, the overhead of recursive bipar-
titioning starts to overwhelm the gain of our refine-
ment algorithm when considering more than a thou-
sand of parts.

III. Parallel direct k-way static mapping

For all of the aforementioned reasons, we are cur-
rently developing a parallel direct k-way graph par-
titioning method, basing on our parallel multi-level
framework, by extending our diffusion refinement
method to the k-way case. This extension has already
been done in the sequential case by [9], basing on our
findings, and its parallelization should be as straight-
forward as it has been for the 2-way case. This should
give us the best of both worlds, in term of speed as

well as in term of quality.
Moreover, as recent parallel computing architec-

tures are characterized by ever increasing numbers
of processors and heavily heterogeneous communica-
tion subsystems, taking into account the underlying
topology of the target machine is essential to effective
minimization of running time. Static mapping is the
corresponding combinatorial problem, which aims
at assigning statically parallel tasks onto physical
processors so as to reduce some relevant message
congestion cost function. Preliminary results, using
an iterative sparse linear system solver as test
program, showed that significant gains in runtime
can be achieved when using static mapping, instead
of plain graph partitioning, to compute domain
decompositions for multi-core architectures.

Our talk will describe the new parallel graph parti-
tioning and static mapping features of PT-Scotch,
and present some experimental results.
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torat, LaBRI, Université Bordeaux I, Sept. 2007.
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