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MAGMA-sparse as a “child” of MAGMA 

explores the development of sparse 

linear algebra for NVIDIA GPUs.

Limitations:

• C code with hand-written build system

• Sparse unit testing

• Focus on NVIDIA GPUs

• Design-specific limitations (flexibility/extensibility)

Designing an ECP library for sustaining simulation performance



3

Designing an ECP library for sustaining simulation performance

MAGMA-sparse as a “child” of MAGMA 

explores the development of sparse 

linear algebra for NVIDIA GPUs.

Design considerations for Ginkgo

• Platform Portability

• Performance 

• Rapid integration of new algorithms

• xSDK / E4S Community Policies

• BSSw expertise / experience

• Modern C++

• CI/CD and unit testing

• Open source & permissive licensing
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Designing an ECP library for sustaining simulation performance

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA

MAGMA-sparse as a “child” of MAGMA 

explores the development of sparse 

linear algebra for NVIDIA GPUs.

Before the first line of code is written, we 

spend a year on whiteboard discussions.

Design considerations for Ginkgo

• Platform Portability

• Performance 

• Rapid integration of new algorithms

• xSDK / E4S Community Policies

• BSSw expertise / experience

• Modern C++

• CI/CD and unit testing

• Open source & permissive licensing
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The LinOp abstraction

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA
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Extending to AMD GPUs

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP

Architecture-optimized kernels
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Sustainable software development & CI/CD
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Extra jobs, ran before merging

Private AMD system

NHR@KIT GPU partition 
(with SLURM)

"Quick" overview CI jobs

Private Intel systems

Private NVIDIA system

NHR@KIT dedicated CI 
node

Private or NHR@KIT 
systems

Sustainable software development & CI/CD
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NVIDIA

AMD

CPU only

Intel

Sustainable software development & CI/CD
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Input from the “first customer”

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP

Architecture-optimized kernels

MFEM is a free, lightweight, scalable C++ library for finite element methods.
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Part of the xSDK effort

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP

Architecture-optimized kernels

xsdk-examples v.0.3.0

November 2022
• 26 math libraries
• 2 domain components
• 16 mandatory xSDK 

community policies
• Spack xSDK installer

xSDK community policies:
• 16 mandatory policies, 

• 8 recommended policies, 

• 4 Spack variant guidelines

• Available on Github

https://xsdk.info/policies/

The xSDK provides infrastructure for and interoperability of a
collection of related and complementary software

elements—developed by diverse, independent teams

throughout the high-performance computing (HPC) community—
that provide the building blocks, tools, models, processes, and

related artifacts for rapid and efficient development of high-
quality applications.

https://xsdk.info/policies/
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Adding profiling functionality

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP

Architecture-optimized kernels
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Extending to Intel GPUs

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings
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• Bi-Weekly technical meetings with Intel 

• Long list of bug reports, feature requests, performance data discussions, documentation improvements …

… but also docker image contributions and bug fixes!
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Matrix size (m=n=k) 

OneAPI MAGMA 
Performance of DPC++ MAGMA SGEMM on Intel GPUs 

Arcticus at ALCF 

Intel Xe-HP GPU (Arctic Sound 2x) 

7,680 x2 Cores @900 MHz 

FP32 peak 13,820 x2 GFlop/s 

 

Transitional system to Aurora 

Exascale supercomputer at ANL 

Extending to Intel GPUs
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Portability as central design principle
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Focus efforts as lightweight tool in ECP to address challenges

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

Focus efforts

• Mixed precision

• batched

• Address recent hardware trends (tensor cores, etc.)

• Address hardware requirements
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Mixed precision focus effort

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

Focus efforts

• Mixed precision

• batched

• Address recent hardware trends (tensor cores, etc.)

• Address hardware requirements
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• Preconditioning iterative solvers

• Idea: Approximate inverse of system matrix to make the system “easier to solve”:

and solve                                                                                             .

• Mixed Precision Multigrid Preconditioner 

Ax = b ⇔ P
−1

Ax = P
−1

b ⇔ Ãx = b̃
<latexit sha1_base64="IUm2v07pZRAFXId01jf8VRSrjc8="></latexit><latexit sha1_base64="IUm2v07pZRAFXId01jf8VRSrjc8="></latexit><latexit sha1_base64="IUm2v07pZRAFXId01jf8VRSrjc8="></latexit><latexit sha1_base64="IUm2v07pZRAFXId01jf8VRSrjc8="></latexit>

P
−1

≈ A
−1
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high precision

low precision

Stephen F. McCormick, Joseph Benzaken, Rasmus Tamstorf: Algebraic error analysis for mixed-precision multigrid solvers, https://arxiv.org/abs/2007.06614

Mike Tsai

Mixed precision AMG on GPUs

https://arxiv.org/abs/2007.06614
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Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

Focus efforts
• Mixed precision
• batched

Mixed precision AMG on GPUs
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Batched focus effort – Combustion Simulations

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

Batched iterative solvers for SUNDIALS / PeleLM

PeleLM is a parallel, adaptive mesh refinement (AMR) code that
solves the reacting Navier-Stokes equations in the low Mach
number regime. The core libraries for managing the subcycling AMR

grids and communication are found in the AMReX source code.

https://amrex-combustion.github.io/PeleLM/overview.html

https://amrex-codes.github.io/amrex/
https://amrex-combustion.github.io/PeleLM/overview.html
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• Many sparse problems of medium size have to be solved concurrently.

• ~ 50 – 2,000 unknowns, < 50%  dense;

• All sparse systems may share the same sparsity pattern;

• An approximate solution may be acceptable (e.g., inside a non-linear solver);

• One solution is to arrange the individual systems on the main diagonal of one large system.

• Convergence determined by the “hardest” problem;

• No reuse of sparsity pattern information;

• Global synchronization points;

• Better approach: design batched iterative solve functionality that solves all problems concurrently.

• Problem-dependent convergence accounted for;

• No global synchronization;

• Reuse of sparsity pattern information;

Batched focus effort – Combustion Simulations
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XGC is a gyrokinetic particle-in-cell code, which

specializes in the simulation of the edge region of

magnetically confined thermonuclear fusion plasma.

The simulation domain can include the magnetic

separatrix, magnetic axis and the biased material

wall. XGC can run in total-delta-f, and conventional

delta-f mode. The ion species are always gyrokinetic

except for ETG simulation. Electrons can be

adiabatic, massless fluid, driftkinetic, or gyrokinetic.

Source: https://xgc.pppl.gov/html/general_info.html

• Two species

• Ions easy to solve

• Electrons hard to solve

• Banded matrix structure

• Non-symmetric, need BiCGSTAB

• n = ~1,000

• nz =  ~9,000

Batched focus effort – Fusion Plasma Simulations

https://theory.pppl.gov/research/research.php?rid=10
https://xgc.pppl.gov/html/general_info.html
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NVIDIA A100 GPU

• Ions easy to solve

• Electrons hard to solve

• ELL format more suitable

• “step pattern” for runtime filling up 

multiprocessors

Batched focus effort – Fusion Plasma Simulations
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Aditya Kashi, Pratik Nayak, Dhruva Kulkarni, Aaron Scheinberg, Paul Lin, and Hartwig Anzt. Batched sparse iterative solvers on gpu for the collision 

operator for fusion plasma simulations. In 2022 IEEE International Parallel and Distributed Processing Symposium (IPDPS), pages 157–167. IEEE, 2022. 

Batched focus effort – Fusion Plasma Simulations
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Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

© Doug Kothe

Batched focus effort – Fusion Plasma Simulations
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Sparse direct solvers for power grid simulations

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

© Slaven Peles
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Distributed runs on Frontier (Cray + AMD MI250 GPUs)

Weak scaling up to 16k GCDs (8k GPUs)

Weak scaling: problem size increases with parallel resources Strong scaling: problem size constant
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Distributed runs on Sunspot (Intel PVCA GPUs)

Weak scaling: problem size increases with parallel resources
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“Now” – Near completion of ECP

Library core contains 
architecture-agnostic 
factionality

Runtime polymorphism selects the right 
kernel depending on the target architecture

Unit tests check 
correctness

Architecture-optimized kernels

CORE

Infrastructure

Algorithms

• Iterative Solvers

• Preconditioners

• …

REFERENCE OpenMP CUDA HIP DPC++

Industry Collaboration 
with bi-weekly meetings

• Sustainable software design ready for the addition 
of new backends. 

• EuroHPC Project MICROCARD uses Ginkgo

• BMBF PDExa project uses Ginkgo

• BMBF ExaSIM project uses Ginkgo

https://exasim-project.com

https://www.microcard.eu

https://exasim-project.com/
https://www.microcard.eu/
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Lessons learnt from the Ginkgo development process

• ECP earmarking roughly half the budget to Software & App development is a game changer.

– Central component for the success of ECP.

– This concept needs to – and does become - the blueprint for other nations and projects.

• Workforce recruitment and workforce retention are the key to success in software development.

– Money does not write software. RSEs do. We need to create attractive career plans.

– We need to make research software development attractive to students. Academic recognition.

• Anticipating the future in hardware development accelerates the porting process.

– Blueprints and early access systems both useful. 

– Interaction with industry is mutually beneficial.

• Management, tools, and strategic initiatives, interaction and collegial behavior are important. 

– Jira/Notion/[…] milestones and deliverables give projects and collaborative interactions a structure and timeline.

– Strategic focus groups, conferences, and meetings bring experts together and create collaboration. 

– Listen to the application needs. Value input and acknowledge collaborators. 


