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Polynomial Preconditioning in 
Belos
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Polynomial Preconditioning:3

**For polynomial preconditioning details, see:
Jennifer Loe, Erik Boman, and Heidi Thornquist. Polynomial 
Preconditioned GMRES in Trilinos: Practical Considerations for High-
Performance Computing 

New stable implementation of 
polynomial preconditioner; 
expected to provide good 
performance for parallel 

computing.



Polynomial Preconditioning Speedup:4

Matrix is cfd2, n=123440.  Running GMRES(50) with 
random right-hand side.  32 MPI processes over 1 node.

Can reduce SpMVs, iterations, and solve time- less 
time in orthogonalization kernels.

 

For this example, degree 80 
polynomial gives 57x speedup over 
no preconditioning, with over 14x 

reduction in SpMVs.



Shifting global synchronization to local synchronization:5

Matrix cfd2, A is SPD, n = 123440. 

Operations requiring expensive 
global synchronization reduce 
from 52% of solve time to less 
than 10% of solve time.



Speedups from polynomial preconditioning:6

Polynomial preconditioning can be used to accelerate standard preconditioners:



Speedups from polynomial preconditioning:7

Polynomial preconditioning can be used to accelerate standard preconditioners:



Strong Scaling with MPI:8

3D Laplacian, n = 166 million, 
1.1 billion nonzero elements 



 “Weak” Scaling:

 To maintain consistent number of iterations as mesh is 
refined, double polynomial degree for every double of nx. 
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NX Poly Deg Iters
10 5 7

20 10 8

30 15 8

40 20 8

50 25 8

60 30 8

70 35 8

80 40 8

90 45 8

100 50 8

110 55 8

120 60 8

130 65 8

140 70 8

150 75 8

160 80 8

170 85 8

180 90 8

190 95 8

200 100 8



More scaling measures with fixed polynomial degree:

 With a “high enough” polynomial degree, the iteration count grows close to linearly with 
respect to the number of grid points on the PDE domain. 
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Connections to ECP 
Multiprecision
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Polynomial Preconditioning in Varied Precisions12

Stretched2D: Laplacian on a stretched grid. 

Double precision GMRES(50) with double    
precision preconditioner.  GMRES(50)-IR 
with single precision preconditioner.

GMRES-IR gives consistent solve time improvement 
~33% over double precision with preconditioning.

Polynomial preconditioning shifts main expense to 
SpMV rather than dense orthogonalization kernels. 



Future for polynomial preconditioning in Trilinos:

 Short Term (by end of 2021):
 Performance testing on NVIDIA GPUs
 Testing on AMD GPUs

 Longer Term:
 Optimize for GPU performance
 Test with large-scale applications
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Future Improvements to Belos 
Linear Solvers Package in 

Trilinos:
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Making Belos Efficient for GPUs:

 Belos currently uses Teuchos library for serial dense linear algebra; all 
the data must be stored on host.
 Requires extra data movement to and from GPU.
 Will translate Teuchos linear algebra -> Kokkos linear algebra for GPU 
performance and portability.
 Performance profiling for large-scale applications. 
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We expect that these changes will improve 
performance of all Trilinos iterative linear 

solvers on GPU systems!


