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Spliss — A sparse linear system solver for aeronautical CFD A#y
DLR

Common library for (approximatively) solving a linear
equation system with characteristics from aeronautical CFD

In an HPC ecosystem

Sparse Matrices

= Dense blocks with a fixed block size or variable
block sizes

= Mixed data types: e.g. some entries are complex,
others real

Solver

= Combinable components (as preconditioner)
» Robust methods for stiff CFD problems
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A brief history of Spliss 4#7
DLR

Motivation behind a separate development:

» focus on contemporary and upcoming HPC architectures
= tailor specifically for CFD applications

= can be used at least across the DLR

Spliss

Flucs — CODA
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Spliss in CODA ‘#7
DLR

Precondition: Spliss and CODA are developed in parallel

» demands for linear operators, matrix and solver configurations may arise
during CODA development and usage

» HPC optimizations should be instantly usable in CODA
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"solver stack": [ DLR

{
"type": "rGMRES",

"requested tolerance": 0.1,

Integration in CODA aims for "maximum iterations”: 3e,

) e ere "Krylov subspace size": 30,
MaxXimum ﬂeX|b|I|ty: "use flexible variant": False,

"orthogonalization mode": "auto",

= Python dictionary for solver TJaEEelzian 8

) ) "type": "matrix-free AD",
configuration }s
}s

» Supports matrix-free operators L
type": "Jacobi",

"requested tolerance": 0.0,
"maximum iterations": 50,
"relaxation”: 0.9,
"Jacobian": {
"type": "matrix",

}s

}s

{

}s

"type": "Lines Inversion",
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Evolution of solver configurations in CODA

DLR
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Evolution of solver configurations in CODA
DLR
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Evolution of solver configurations in CODA ‘#7
DLR

Current standard Spliss solver configurations in CODA:  $¥55
. . . . . .. JacobilLU
= all configurations provide an optional mixed-precision  jacobiLinesinversion
BICGSTABLU
adapter GaussSeidelLU
= Mostly the default option (Restarted) SMRESLU

(Restarted)GMRESJacobiLU
(Restarted)GMRESJacobilLU
RestartedGMRESJacobiLinesInversion
GMRESFieldSplitJacobiLU
GMRESFieldSplitJacobilLU
GMRESFieldSplitJacobiLinesinversion

* matrix-free operators for outer solvers

Other solver configurations possible, e.g. via GCROdynDRLU
. GCROdynDRJacobiLU
Python Interface or FSUI. GCROdynDRJacobiLinesInversion

GCROdynDRJacobilLU
RestartedGCROdynDRGaussSeidelLU
RestartedGMRESGaussSeidelLU
RestartedFGMRESGMRESILU
RestartedGMRESLMGLineslnversionLU
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Evolution of HPC optimizations in CODA ‘#7
DLR

Effect of HPC optimizations in CODA

* Nvidia MPS (multi-process service)
allows multiple processes to efficiently
offload to the same GPU

= CUDA-aware MPI communication to
eliminate unnecessary device-to-host
transfers

= GPUDirect accelerations at runtime
allow communication without
iInvolvement of host memory
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Spliss in TRACE ‘#7
DLR

Precondition: Spliss acts as a replacement for the built-in Gauss-Seidel (GS)
& Symmetric Successive Over-Relaxation (SSOR) solvers, which

= are used for structured and unstructured grids
= are specifically optimized for properties of structured grids
= operate mostly on fixed block size (5), sometimes on dynamic block size

Direct integration of solver configurations in the TRACE code:

auto stack = InitSolverStack(matrix);
stack.template Append<LUDecomposition>();
stack.template Append<GaussSeidel>(criterion, ...);
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Evolution of Spliss due to TRACE ‘#7
DLR

Optimizations in Spliss driven by TRACE experiences

Spliss optimization Approximate
performance gains

Permutation; 50%
cache optimizations

Access to raw data 5-20%
Eisenstat trick 30%
Communication for Color 0 only? 200 - 500%

(1) just recently added to Spliss; before that, it had been a patch in TRACE
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Spliss in TRACE ‘#7
DLR
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Advantages of Spliss in TRACE:

» GPU support
» GMRES enables particular Low-Mach and Harmonic-Balance configurations
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Spliss in HYDRA

Precondition: Spliss is meant to serve
as a substitute for the built-in solvers

= one particular block size defined at
compilation time

* HYDRA is written in Fortran -
dedicated Spliss-HYDRA interface
required

= Vision: text-based interface
(similar to FSUI-CODA)
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"solver": {

"type": "rGMRES",

"use flexible variant": true,
"requested tolerance": 0.1,
"Krylov subspace size": 20,
"maximum iterations": 20,

"orthogonalization mode": "classical Gram-Schmidt",

"successor": {
"type": "ScalarTypeAdapter",
"mixed precision type": "matrixOnly",
"successor": {
"type": "Jacobi",
"requested tolerance": 1le-3,
"maximum iterations": 50,
"relaxation": 0.8,
"successor": {
"type": "Lines Inversion",
"line definition threshold": 10
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A General Question ‘#7
DLR

Why Spliss?

There are plenty of other solver libraries available.
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A conjecture about in-house software development A#y
DLR

P = arelevant problem (includes target hardware)
S,wn = IN-house software
S3p = third-party software
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A conjecture about in-house software development A#y
DLR

VtElPElSBp (SBp(P) = Sown(P))

where:
t = product life time
P  =arelevant problem (includes target hardware)

S,wn = IN-house software
S3p = third-party software

GaspiLS Gingko PetSC
‘ GASPI HIP ‘ FieldSplit ‘

} ! !
— Spliss
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The reason for in-house software development ‘#7
DLR

VtVP = Continuity

= continuous and consistent development over years

= continuous coverage of the problem space
= support contemporary and upcoming hardware
» guick responses to changes in the problem space possible

= continuous pricing and licensing

= continuous cooperation
» petween DLR institutes
= with external partners

Olaf Krzikalla et. al., DLR-SP, 2026-07-01




Conclusion ‘#7
DLR

= Growing user base
= CODA, TRACE, FSMeshDefo are established
= HYDRA, B2000++ are on the way

= Support for contemporary HPC hardware
= GPU support is a strong motivation for all users

» Continuous development and implementation of algorithms
= serves all users

Has Spliss fulfilled its strategic aims?
- Yes
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