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I. INTRODUCTION

Systems of linear equations arise at the heart of many
scientific and engineering applications. Many of these linear
systems are sparse; i.e., most of the elements in the coefficient
matrix are zero. Direct methods based on matrix factoriza-
tions are sometimes needed to ensure accurate solutions. For
example, accurate solution of sparse linear systems is needed
in shift-invert Lanczos to compute interior eigenvalues. The
performance and resource usage of sparse matrix factorizations
are critical to time-to-solution and maximum problem size
solvable on a given platform.

In many applications, the coefficient matrices are symmet-
ric, and exploiting symmetry will reduce both the amount of
work and storage cost required for factorization. We consider
direct methods for solving a sparse symmetric positive definite
linear system, which are based on Cholesky factorization.
While direct methods can be expensive for large matrices,
in terms of execution times and storage requirement when
compared to iterative methods, they have the advantage that
they terminate in a finite number of operations. Also, direct
methods can handle linear systems that are ill conditioned or
the situation when there are many multiple right-hand sides.

When the factorization is performed on large-scale dis-
tributed memory platforms, communication cost is critical
to the performance of the algorithm. At the same time,
network topologies have become increasingly complex, so
that modern platforms exhibit a high level of performance
variability. This makes scheduling of computations an intricate
and performance-critical task.

In this work, we investigate the use of an asynchronous task
paradigm, one-sided communication and dynamic scheduling
in implementing sparse Cholesky factorization (symPACK)
on large-scale distributed memory platforms. We propose a
new implementation of the sparse Cholesky factorization using
such an asynchronous task paradigm. We introduce a paral-
lel distributed memory solver called symPACK, which uses
a task-based formalism and dynamic scheduling techniques
within a node. Our solver symPACK relies on efficient and
flexible communication primitives provided by the UPC++ [1],
[2] library. Performance evaluation shows that symPACK
has good scalability and outperforms state-of-the-art parallel
distributed memory factorization packages, validating our ap-
proach on practical cases.

Speedup vs. sym. Speedup vs. best
Problem min max avg. min max avg.

G3 circuit 0.24 5.70 1.07 0.24 5.70 1.07
Flan 1565 1.06 9.40 2.11 1.06 7.07 1.94
af shell7 0.89 10.61 3.61 0.89 7.77 3.21
audikw 1 1.11 14.46 3.14 1.11 2.84 1.77
boneS10 0.86 N.A. N.A. 0.86 4.73 1.75
bone010 1.06 16.83 3.34 1.06 2.03 1.47

TABLE I: Speedup of symPACK over the best state-of-the-art
symmetric solver (MUMPS and PASTIX), and over the best
solver overall (MUMPS, PASTIX, and SuperLU_DIST).

II. PERFORMANCE EVALUATION

We present the performance of our solver symPACK in
the poster. Experiments are conducted on the NERSC Edison
supercomputer [3].

In order to characterize the impact of the communication
strategy used during Cholesky factorization, as well as the
benefit of dynamic scheduling, we compare three variants of
symPACK on a sample problem. We also compare symPACK
to two state-of-the-art parallel symmetric solvers: MUMPS
5.0 [4] and PASTIX 5.2.2 [5]. We also provide the run times
achieved by SuperLU_DIST 4.3 [6], [7] as a reference. Note
that SuperLU_DIST is not a symmetric code, but is well
known for its good strong scaling. Therefore, only scalability
trend should be compared. As we focus solely on distributed
memory platforms performace, neither PASTIX, MUMPS nor
SuperLU_DIST are using multi-threading. On most of our
test problems, symPACK is faster than all alternatives in a
“flat-MPI” configuration. We also run PASTIX and MUMPS
with multi-threading enabled, and although MUMPS generally
does not benefit from it, PASTIX achieves a higher efficiency
allowing it to outperform symPACK in some cases.

Detailed speedups over the best symmetric solver and
the best overall solver (thus including SuperLU_DIST) are
presented in Table I. Note that on the boneS10 matrix, neither
PASTIX nor MUMPS succeeded using 2048 processors.

The asynchronous task paradigm used in symPACK leads
to promising practical results in the context of sparse matrix
computations. When used in conjunction with a dynamic
scheduling strategy, symPACK outperforms the state-of-the-art
symmetric solvers. This is crucial for a memory constrained
environment. However, even when the amount of memory
is sufficient to perform an LU factorization instead of the
Cholesky factorization, the approach described in this poster
allows symPACK to efficiently leverage the benefit of doing



less computations, thus demonstrating the importance of sym-
metric solvers.

III. CONCLUSION

In this work, we propose a novel asynchronous task based
approach and study it in the context of sparse matrix computa-
tions. For this specific type of algorithm whose performance is
critical to numerous scientific applications, the communication
strategy has to be chosen carefully. We describe a potential
deadlock situation that can be faced by any solver relying
solely on asynchronous communications if the communication
library runs out of buffer space, and propose a scheduling
constraint that allows these deadlock situations to be avoided.

The dynamic scheduling approach presented in this poster
successfully benefited the task formalism that we have de-
scribed. The implementation of these techniques was made
significantly easier by relying on new communication prim-
itives and asynchronous function launch capabilities offered
by UPC++. Our numerical experiments show that our solver
symPACK significantly outperforms state-of-the-art symmet-
ric solvers on distributed memory platforms, simultaneously
demonstrating the validity of our approach and the low-
overhead and benefit of using new generation communication
libraries such as UPC++.

Leveraging the ever larger number of cores within a shared
memory node to efficiently exploit the available concurrency
offered by an asynchronous task model coupled with a dy-
namic scheduling policy will be our immediate future work.
Another important future task will be to investigate how
dynamic scheduling policies can be optimized in the particular
context of sparse linear algebra.

REFERENCES

[1] Y. Zheng, A. Kamil, M. B. Driscoll, H. Shan, and K. Yelick, “UPC++:
A PGAS extension for C++,” in 28th IEEE International Parallel and
Distributed Processing Symposium (IPDPS’14).

[2] “UPC++ website,” https://bitbucket.org/upcxx/upcxx.
[3] N. E. R. S. C. C. (NERSC), http://www.nersc.gov/users/

computational-systems/edison/configuration/, mar 2016.
[4] P. Amestoy, I. Duff, J.-Y. L’Excellent, and J. Koster, “A fully asyn-

chronous multifrontal solver using distributed dynamic scheduling,” SIAM
J. Matrix Anal. and Appl., vol. 23, 2001.
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