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Parallel Preconditioning
Preconditioners help applications solve large, sparse linear 
systems using iterative methods.  Incomplete LU (ILU) 
factorizations are popular preconditioners for many 
problems, especially as single-node subdomain solvers for 
domain decomposition or multigrid smoothing.  Typical 
ILU implementations use a truncated Gaussian Elimination 
process that has limited parallel scalability.  This can 
quickly become a bottleneck, especially given the increasing 
parallelism of single nodes.

PARALLEL INCOMPLETE FACTORIZATIONS
We have developed and implemented highly parallel algorithms for 
computing incomplete factorization preconditioners. This includes 
both parallel level-based incomplete LU (“ParILU”) and parallel 
threshold-based incomplete factorizations (“ParILUT”). We have 
replaced Gaussian Elimination with iterative sweeps that 
approximate the nonzero entries of the ILU factors. Few sweeps 
generally suffice to compute a preconditioner of comparable or 
even superior quality to traditional ILU methods.

ParILU IMPACT
● Parallel incomplete factorization preconditioners replace the 

traditional Gaussian Elimination-based approach.
● Node-level preconditioner generation up to an order of 

magnitude faster.
● May be used as smoother in multigrid (AMG).
● ECP application run time reduced.

ParILU QUALITY
GMRES iteration counts using cuSPARSE ILU vs. 5 sweeps of ParILU. 
Matrices are available in the SuiteSparse Matrix Collection and are the same 
as in Chow et al.: “Asynchronous Iterative Algorithm for Computing Incomplete 
Factorizations on GPUs.”

ParILU PERFORMANCE
Performance analysis on NVIDIA Volta V100 GPU.

ParILUT PERFORMANCE
Threshold incomplete factorization generation time for anisotropic flow 
problem on 68-core Intel Xeon Phi (KNL).

Many large-scale scientific applications rely heavily 
on preconditioned iterative solvers for large linear 
systems. For these solvers to use extreme-scale 
hardware efficiently, both algorithms and their 
implementations must be redesigned to address 
challenges like extreme concurrency, complex 
memory hierarchies, costly data movement, and 
heterogeneous node architectures.

The PEEKS effort aims to tackle these challenges and 
advance the capabilities of the ECP software stack by 
making the new scalable algorithms accessible within 
the Trilinos software ecosystem. Targeting 
exascale-enabled Krylov solvers, incomplete 
factorization routines, and parallel preconditioning 
techniques will ensure successful delivery of scalable 
Krylov solvers in robust, production-quality software 
that can be relied on by ECP applications.

New Trilinos Krylov Solvers
Many ECP application codes rely on Trilinos Belos package to 
solve large linear systems of equations. For these application 
codes to use the extreme-scale computer efficiently, we are 
incorporating new solvers into the package.

s-STEP/PIPELINED KRYLOV SOLVER 
To improve Krylov solvers’ parallel scalability, the s-step and 
pipelined methods aim to reduce and hide the latency costs of 
global collectives. We have used Trilinos components to develop 
prototype implementations of such solvers. 

PORTABLE IMPLEMENTATION
Trilinos software stack provides portable implementation over 
different architectures including GPUs. We are studying their 
performance using linear systems from ECP application codes such 
as LAMMPS used in EXAALT.

INTERFACING WITH ECP APPLICATIONS
Applications can access our solvers through Trilinos’ Belos 
package, via the SolverFactory class. Any ECP application code that 
uses Belos can switch to our solvers with no or few code changes. 
For example, we successfully switched the solver in the software 
code Nalu used in the ExaWind project (GMRES with Gauss Seidel 
preconditioner). We will make the final versions of our solvers 
publicly available in a Trilinos release.

Generic Interface Design
We aim at the design of a generic interface to sparse linear 
algebra libraries. Motivated by the desire to interface 
MAGMA-sparse from the Trilinos software ecosystem, we 
try to populate the design to become a standard in the 
community.

MOTIVATION
● Many novel algorithms are available in the MAGMA-sparse 

software package.
● We develop an interface that allows to access MAGMA-sparse

routines from inside the Trilinos ecosystem.
● The interface design aims at being generic enough to be 

adopted by other sparse linear algebra software libraries.
● A standard interface (like BLAS) would simplify collaboration 

between the ECP ST software projects.
● Programmatic overlap and close cooperation with the xSDK 

project.

INTERFACE DESIGN WHITEPAPER

Anzt, H., E. Boman, J. Dongarra, G. Flegar, M. Gates, 
M. Heroux, M. Hoemmen, J. Kurzak, P. Luszczek, 
S. Rajamanickam, S. Tomov, S. Wood, and I. Yamazaki
MAGMA-sparse Interface Design Whitepaper
ICL Technical Report ICL-UT-17-05

http://www.icl.utk.edu/publications/magma-sparse-interface-design-whitepaper

Matrix cuSPARSE ILU ParILU (5 sweeps) Deviation

Apache2 734 731 -1%
Ecology2 1206 1211 <1%
G3_circuit 951 951 <1%
offshore 183 186 +1%
parabolic_fem 204 215 +5%
thermal2 1231 1211 -2%
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