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Designing an ECP library for sustaining simulation performance

MAGMA SPARSE
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)

\' EXNSCrLS
E{l 'I: CoMTLTNT
"., . Sl




Designing an ECP library for sustaining simulation performance

MAGMA SPARSE
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 IpPodEuctNg
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stiemtific
software

 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

CORE
Libflﬁl'lcfthOre Contair;'s Infrastructure e G- k
T architecture-agnostic orithms o ey
MAGMA-sparse as a “child” of MAGMA factionality A INKgOo
explores the development of sparse [ Preconditioners
linear algebra for NVIDIA GPUs. Runtime polymorphism selects the right
kernel depending on the target architecture
Design considerations for Ginkgo REFERENCE — CUDA
* Platform Portablllty Unit tests check CANVIDIA,
Pe rformance v correctness 1 1
* Rapid integration of new algorithms cIfcc -

« xSDK/E4S Community Policies 200,000

« BSSw expertise / experience T

* Modern C++ ot

« CI/CD and unit testing 100,000

« Open source & permissive licensing 5 /

Before the first line of code is written, we 0 =

20]8 2019 2020 2021 2022 2023

spend a year on whiteboard discussions. e
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The LinOp abstraction

CORE
Library core contains Infrastructure
architecture-agnostic Algorithms
factionality

* lterative Solvers
* Preconditioners

Linear Operator Interface
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Runtime polymorphism selects the right
kernel depending on the target architecture
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Extending to AMD GPUs
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Sustainable software development & CI/CD
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Sustainable software development & CI/CD
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Sustainable software development & CI/CD
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CPU only

Intel

AMD
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Input from the “first customer”

CORE
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Part of the xSDK effort

o . CORE
xSDK: Extreme-scale Scientific Software Development Kit Lib;a_lry core contains Infrastructure i Gink o
architecture-agnostic Al o ey
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Extending to Intel GPUs

© Homw wl e— / VA
O Techaokges Preparing for the Arrival of Intel’s Discrete High-
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Extending to Intel GPUs =4 Ginkgo

*  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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Portability as central design principle

CORE
Library core contains Infrastructure &S D -
architecture-agnostic Algorithms _——— Glnkgo
factionality * Iterative Solvers
Preconditioners

Runtime polymorphism selects the right
kernel depending on the target architecture

Architecture-optimized kernels
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Focus efforts as lightweight tool in ECP to address challenges

| .iSDK
Focus efforts ﬂ -
* Mixed precision

* batched

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

* Address hardware requirements
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Mixed precision focus effort

k. !FSDK

Focus efforts
* Mixed precision
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Mixed precision AMG on GPUs

* Preconditioning iterative solvers

« Idea: Approximate inverse of system matrix to make the system “easier to solve”: P~ 1 ~ A~!

andsolve Az =b < P lAz=P % o Azx=%5b

* Mixed Precision Multigrid Preconditioner

fine matrix F from A

high precision e caaeesae
fine level
. A 2 ﬂ
Restriction R \M coarse matrix C - Prolongation P
......... /’
coarse level

F from previous C

low precision e next MultigridLevel
B LY
* continue

"
!C CXNZIrLE
' L R L )

Y

MultigridLevel

1| multigrid::build()

2 cuith eax_levale{10u) // sgual to NVIDIA/AMGK L1 max lwvels

3 Juith _piz_cosarse_rowi{fdiu)

4 +Mith _pre_sscother(ss, a=_t)

] +uith _ep level(pgm, pga_f)

4 (uAsh_level _aslector(

Y [l(const sizs_type level, const LinOpe) > pize_typs {

] /! Omly the First level iy generated by MultigridlLevel (doubie)

" // The sobsequent levels are generated by MultigridLlevel(float)
10 roturn level >~ 1 T 1 | 04

11 $3}

12 .Mith _conrest_solver(coarest_solver_f)
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Stephen F. McCormick, Joseph Benzaken, Rasmus Tamstorf: Algebraic error analysis for mixed-precision multigrid solvers, https://arxiv.org/abs/2007.06614
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Mixed precision AMG on GPUs
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Focus efforts
+ Mixed precision
* batched

Lo

\ ICLUTK S1CL UTK - Sep 12
Corgratulations to Yu-Hsiang Mike Tsal from @6 T xarlarube, In colaboration

with ICL's Natalle Beams and Ut wighnzt! Their paper *Moed Precision
Algebralo Multigrid on GPUs" took home a best paper award at PPAM2022.
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Batched focus effort — Combustion Simulations
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https://amrex-codes.github.io/amrex/
https://amrex-combustion.github.io/PeleLM/overview.html

Batched focus effort — Combustion Simulations

* Many sparse problems of medium size have to be solved concurrently.
e ~50-2,000 unknowns, < 50% dense;

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

* All sparse systems may share the same sparsity pattern;

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

* 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;
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Batched focus effort — Fusion Plasma Simulations

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 10| «  electron

on

* lons easy to solve

* Electrons hard to solve

* Banded matrix structure

* Non-symmetric, need BiCGSTAB
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https://xgc.pppl.gov/html/general_info.html

Batched focus effort — Fusion Plasma Simulations

NVIDIA A100 GPU
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Batched focus effort — Fusion Plasma Simulations

Solve time (s)
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operator for fusion plasma simulations. In 2022 IEEE International Parallel and Distributed Processing Symposium (IPDPS), pages 157-167. IEEE, 2022.
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Batched focus effort — Fusion Plasma Simulations
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Sparse direct solvers for power grid simulations
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TFLOF!s

Distributed runs on Frontier (Cray + AMD MI250 GPUs)

Weak scaling: problem size increases with parallel resources

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

» Sustainable software design ready for the addition CORE
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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.
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